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Objective: To describe the development and validation of the Winnipeg Assessment of Neonatal Nursing Needs
Tool-Surgical Complex (WANNNT-SC), a nursing workload tool for use in a surgical neonatal intensive care unit

Methods: The Winnipeg Assessment of Neonatal Nursing Needs Tool (WANNNT) was modified to create the
WANNNT-SC. Nursing staff utilized the tool over 60 consecutive shifts to determine the number of nurses needed
to appropriately staff the unit. The charge nurse, based on professional judgement, also determined how many

nurses were required to staff the unit on each shift.

Results: The WANNNT-SC determined that 1.76 fewer nurses were needed for direct patient care. The tool was
reliable across multiple users (mean difference 0.003, SD 0.32).

Conclusion: The WANNNT-SC is valid, reliable, and can be used to determine the number of nursing staff re-
quired to provide direct patient care in a surgical NICU.

1. Introduction

The provision of quality patient care to neonates and their families
is a universal goal shared by neonatal intensive care units (NICUs).
When working towards optimal patient care, a balance must be struck
between budgetary limitations and workload demands on health care
providers. With front-line nurses representing the largest budgetary
expenditure in NICUs (Milligan et al., 2008), it is imperative to utilize
an appropriate tool to measure nursing workload to assist in the de-
velopment of balanced, safe patient assignments. Surgical neonatal
patients have unique and demanding nursing needs, but there is cur-
rently no tool that adequately describes the nursing workload asso-
ciated with these patients. This paper details the process of using a
validated tool to develop and validate the WANNNT-SC, a novel sur-
gical NICU nursing workload tool.

1.1. Background

1.1.1. Nursing workload defined

Nursing workload is the nursing time devoted to direct and indirect
patient care, workplace activities, and professional development
(Alghamdi, 2016). Due to higher levels of acuity and complexity fre-
quently seen in NICUs, significant nursing resources and time are
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required to provide care (Rogowski et al., 2015). Utilizing an appro-
priate nursing workload tool has been recognized as a way to evaluate
patient care needs, standardize patient assignments, support safe
staffing levels, and justify budgetary expenditures related to nursing
care (Kiekkas et al., 2007; Young et al., 2015).

The Canadian Federation of Nurses Unions (CFNU) has highlighted
an urgent need to address the issue of nursing workload as a means of
improving the care patients and their families receive (Berry and Curry,
2012), while the Canadian Nurses Association (CNA) has stated that the
accurate measurement of nursing workload is an important component
when providing quality nursing care (CNA, 2004). The National Asso-
ciation of Neonatal Nurses (NANN) in the United States also recognizes
that issues related to staffing and nursing workload have the potential
to impact patient outcomes both positively and negatively (NANN,
2014).

1.1.2. Impact of increased nursing workload and decreased staffing on
patient outcomes

Neonatal patients are at an increased risk of experiencing adverse
events related to increases in nursing workload. Due to their small size,
even slight variations in fluid and medication administration can result
in adverse outcomes (Mark et al., 2007). Neonates who are exposed to
adverse events are more likely to experience long-term morbidity in
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comparison to other pediatric and adult populations (Sharek et al.,
2006).

Decreased staffing has been related to an increase in major mor-
bidity and mortality among neonates (Beltempo et al., 2018), an in-
creased incidence of nosocomial infections in very low birth weight
(VLBW) infants (Rogowski et al., 2013), and higher rates of blood-
stream infections (Cimiotti et al., 2006). When nursing workload in-
creases, adverse events related to mechanical ventilation also increase
(Lamy Filho et al., 2011), as does the rate of risk-adjusted mortality
(Hamilton et al., 2007). Elevated workload is also associated with im-
paired weight gain in preterm neonates (Profit et al., 2010). Conversely,
when appropriate nurse-to-patient ratios exist, neonates are more likely
to meet oxygen saturation goals (Sink et al., 2011) and receive in-
creased breastfeeding support (Hallowell et al., 2014).

Insufficient staffing in the NICU has also been associated with
missed nursing care. In situations of elevated workload, a variety of
nursing tasks are missed, including mouth care for patients on venti-
lators, parent education, and discharge planning (Rochefort and Clarke,
2010). Involving parents in care delivery and infant feedings also de-
creases when nursing workload increases (Tubbs-Cooley et al., 2014).
When important and necessary nursing care is missed, adverse events
and poor patient outcomes are more likely.

1.1.3. Rationale for WANNNT selection

Despite a thorough literature search, no neonatal nursing workload
tool for use in a surgical NICU was found. The decision was made to
modify a validated NICU nursing tool to better meet the needs of the
surgical NICU patient population.

Several neonatal nursing workload tools were found in the literature:
the Neonatal Therapeutic Intervention Scoring System (Gray et al.,
1992); the Northern Neonatal Network Score (1993); the British
Association of Perinatal Medicine (BAPM) Categories of Babies Requiring
Neonatal Care (2001); the Neonatal Acuity System (Mullinax and
Lawley, 2002); and the Winnipeg Assessment of Neonatal Nursing Needs
Tool (WANNNT) (Sawatzky-Dickson and Bodnaryk, 2009). All tools as-
sign a number to represent patient acuity and care needs. By quantifying
patient acuity, nursing assignments with balanced workloads can be
created despite being comprised of very different patients (Hurst, 2002).
Except for the WANNNT, all other neonatal-specific workload tools were
more than 15 years old. The care of neonates has changed markedly since
then due to advances in medical technology and clinical research.

The WANNNT was selected because it was easy to implement, and
permission was granted to modify the tool (Sawatzky-Dickson and
Bodnaryk, 2009). The Alberta Children's Hospital level III NICU (ACH
NICU), a 14 bed unit caring for neonates with surgical, neurocritical,
and complex medical needs employed 90 nurses in casual to full-time
positions. Thus, it was important to select a workload tool that could be
modified to reflect the unique patient population and the complexities
of staff scheduling associated with NICUs with higher level of care
classifications (American Academy of Pediatrics, 2012).

2. Methods

A search of the literature was performed from December 1st to 10th
2016 using PubMed, Medline (Ovid), Proquest, and the Cumulative
Index of Nursing and Allied Health Literature (CINAHL). The terms
“neonate,” “nurse,” “workload,” and “tool,” were used as search key-
words to identify existing neonatal nursing workload tools. “Surgical”
was initially included as a key word but was removed when the search
yielded zero results.

The ACH NICU unit manager (study co-investigator) initiated
modifications to the WANNNT, creating the initial draft of the
WANNNT-SC. Modifications included adding corrected gestational age,
dividing the tool into systems, and including indicators related to
neurocritical and surgical care. Neurodevelopmental care, such as
transfers for skin-to-skin care, and certain subjective aspects of
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workload such as interacting with parents were not explicitly addressed
but as an inherent patient care activity, were expected to be captured by
corrected gestational age scoring. Indicators, including pre- and post-
operative care, and transfers off-unit or to other sites were added to
reflect the patient population the ACH NICU serves. Indicators included
in the WANNNT that were removed from the WANNNT-SC were post-
natal care of the healthy term newborn, post-operative cardiac care,
and extracorporeal membrane oxygenation (ECMO) as these patient
populations are not cared for in the ACH NICU. The draft WANNNT-SC
was reviewed by the unit nurse educator and 2 senior clinical support
nurses to establish face validity. Table 1 shows the final version of the
surgical tool.

Ethical approval was obtained from the University of Calgary
Research Ethics Board. Senior neonatal nurses were recruited for study
participation and written informed consent was obtained. For the
purposes of this study, a senior nurse was someone who had at least 2
years of neonatal nursing experience. The WANNNT-SC was tested on
60 consecutive day and night shifts over a 30-day period, from April 1st
to 30th 2017.We compared the WANNNT-SC against the current stan-
dard which was the charge nurse's judgement of how many nurses were
needed to staff the NICU on a shift.

Staff nurses were blinded to the WANNNT-SC acuity scores.
Indicators were grouped in levels numbered 1 through 5. To determine
tool validity, the charge nurse on each shift was asked how many
nurses, based on professional nursing judgment, were required to meet
unit-staffing needs. Using the blinded tool, the charge nurse was then
asked to complete a data collection form by assigning each patient on
the unit to the most appropriate indicator level. To assess inter-rater
reliability, another senior nurse was asked to complete the blinded
surgical tool within 1 h of the charge nurse, completing a second data
collection form as described above.

This method of asking charge and senior nursing staff to answer
based on their professional nursing judgment does introduce subjective
responses but was minimized by only including those who have worked
within a NICU setting for at least two years.

The research team collected the data forms and used the levels in-
dicated to determine the acuity score in the WANNNT-SC. The acuity
scores for all patients were combined to calculate the number of nurses
needed to staff the unit for each shift according to the tool. The number
of nurses judged to be needed by the charge nurse on each shift was also
collected. Data was entered for each of the 60 shifts into a Microsoft
Excel spreadsheet, excluding any participant or patient information. All
information collected contained no identifying data so that the in-
vestigators and the statistician could not identify patients or nurses.

Data analysis was conducted with SAS v9.4 and Microsoft Excel. For
demographic information, means and medians were calculated. Paired
samples t-tests were used to assess tool validity and inter-rater relia-
bility. Inter-rater reliability was also assessed by the Kappa statistic. A
Kolmogorov-Smirnov goodness of fit test to determine an empirical
distribution function was calculated and plotted.

A second literature search, using the same search criteria as above,
was completed on January 7, 2019 to capture any new studies on
neonatal nursing workload tools. One additional article (Dye and Wells,
2017) looked at both subjective and objective workload metrics, and
the NASA Task Load Index to measure neonatal nurse practitioner
workload. While surgical components were added in their objective
metric, there were few surgery specific indicators, and this metric did
not determine the number of staff required.

3. Results

A total of 44 nurses were recruited for study participation re-
presenting 46% of nursing staff. Nursing participants had a mean of
14.97 years of nursing experience, with a median of 11 years, and a
mean of 13.13 years and a median of 9 years of neonatal nursing ex-
perience. Additionally, there was a mean of 4.25 years and a median of
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Fig. 1. Kolmogorov-Smirnov goodness of fit test to determine tool validity.
Charge Nurses: number of nurses needed to staff unit according to charge
nurse's judgement. WANNNT-SC: number of nurses needed to staff unit based
on WANNNT-SC scoring.

4 years of surgical neonatal nursing experience. A total of 60 nursing
shifts were analyzed.

Tool inter-rater reliability was examined using a paired samples t-
test and the Kappa statistic. The overall inter-rater Kappa was 0.73 (CIL
0.60-0.87). When comparing the mean difference between the charge
nurse and senior nurse use of the WANNNT-SC (0.003), no significance
was found (p = 0.94, SD 0.32, CI -0.077-0.083). This indicated tool
reliability when completed by multiple users.

Tool validity was examined using the Kolmogorov-Smirnov good-
ness of fit test (Fig. 1). For each shift, the number of nursing staff
needed, based on the charge nurse's professional nursing judgment, was
compared with the number calculated by the WANNNT-SC. A sig-
nificant mean difference of —1.76 (p < 0.00, SD 0.88, CI -1.98 to
—1.54) was found, indicating the tool determined, on average, a need
for 2 fewer nurses when compared to the charge nurse's professional
judgment. The WANNNT-SC considered only direct bedside care, ex-
cluding admit nursing staff or a charge nurse. The charge nurse also
factored in staffing for admissions and unit administration.

4. Discussion

In this study, we examined the validity and reliability of a revised
measure of nursing workload for a surgical and complex needs NICU.
An analysis of the statistical results indicates the WANNNT-SC is
clinically valid and reliable. Caution has been raised regarding the as-
signment of infants to nurses due to the variation reported in perceived
work intensity (Sulz et al., 2017). The WANNNT-SC was shown to
adequately address these concerns by ensuring a manageable workload
for each staff member. This tool accurately captured and standardized
perceived work intensity from both the charge nurse and senior nursing
staff indicating inter-rater reliability.

A statistically significant difference was found between the number
of nurses needed for each shift determined by the charge nurses’
judgment, and the WANNNT-SC. When each of the charge nurses ap-
plied the tool during their shift, they only considered patients who were
currently admitted to the ACH NICU. Additional staff are required to
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admit new patients and to fulfill the charge nurse role. The tool con-
siders only direct patient care, however, and does not factor in the need
for an admit nurse or a charge nurse, which accounts for the difference
of almost 2 nurses. The authors of the WANNNT highlight the fact that
their tool can be implemented using “a standard increase from the
baseline WANNNT” (Sawatzky-Dickson and Bodnaryk, 2009). Simi-
larly, when using the WANNNT-SC in the ACH NICU, the appropriate
staffing standard is the number of nurses determined by the surgical
tool plus 2 additional nurses. Surgical NICUs that are larger than the
ACH NICU would likely require more than 2 supplemental nursing staff.
Once the number of charge and admit nurses are known, a surgical
NICU can utilize a standardized approach to staffing using the
WANNNT-SC.

The complexities of staffing a surgical level III NICU are affected by
multiple factors: size and layout of the unit, nursing skill mix, and
variation in patient acuity and diagnosis. Fluctuations in staffing are
greater in small NICUs, resulting in a greater need for nurses during
times of peak activity (Ohnstad and Solberg, 2017). However, preterm
infants admitted to larger NICUs with intense resource utilization have
increased risk for experiencing an adverse outcome (Shah et al., 2018).
A tool that can reliably predict staffing needs is helpful in the provision
of safe care.

NICUs, unlike the pediatric ICUs, can have tremendous variability in
patient acuity and a wide range of possible admitting diagnoses, re-
quiring many different types of nursing skills (Corchia et al., 2016).
This can be further complicated when an NICU admits surgical and
outborn neonates, as is the case in the ACH NICU. Any nursing work-
load tool applied in such a setting must have diverse patient-related
indicators to best predict staffing needs and create balanced patient
assignments. While the WANNNT incorporates a number of patient-
related indicators, it is necessary for the charge nurse utilizing the tool
to consider a number of variables that add to nursing workload but are
not associated with a particular acuity score, such as transfers to di-
agnostic imaging and to other NICUs (Sawatzky-Dickson and Bodnaryk,
2009; Winnipeg Regional Health Authority, 2013). The WANNNT-SC
incorporates a wider variety of patient indicators, to reflect many of the
duties of the NICU nursing staff in a unit that supports family-centered
care (Griffin, 2006). While indicators such as parent teaching and dis-
charge planning, end of life care and transfers are directly included, not
all quality of care elements are captured by the WANNNT-SC. Others,
such as neurodevelopmental care, are captured only indirectly through
gestational age indicators.

This tool also has practical applications, including providing further
information and documentation regarding optimal time to transfer a
patient to the ward or a lower level NICU. A patient with a higher acuity
score will likely still require higher nurse-to-patient ratios to receive
adequate care. As pediatric wards often cannot meet significantly raised
needs, transfer may need to be reconsidered.

During the 30 days of data collection, the ACH NICU experienced a
period of above average patient acuity. When acuity increased, the
WANNNT-SC accurately reflected the need for additional nursing staff.
Budgetary expenditure justification is extremely important for nursing
managers when bringing in additional nursing staff (Milligan et al.,
2008) as they are expected to support the delivery of quality nursing
care while also being financially responsible to hospital administrators.

4.1. Limitations and future research

Limitations associated with this study relate to the smaller size and
physical layout of the ACH NICU, and the unique patient population of
the unit. Larger surgical NICUs hoping to implement the WANNNT-SC
would need to evaluate their own physical layout, and identify any
factors that may add to nursing workload. In addition, the ACH NICU
does not care for immediately post-operative cardiac patients, patients
on ECMO, nor patients on dialysis. Units that provide this type of care
would need to consider the increased workload associated with such
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patients in their implementation of this tool.

The next step will be to plan and implement the clinical use of the
WANNNT-SC in the ACH NICU to study the economic effect in a multi-
center trial.

5. Conclusion

The delivery of quality patient care is a goal shared by all NICU's.
Determining appropriate nurse-staffing levels is central to this. In this
study, the process of developing a surgical NICU nursing workload tool
and its validation are described. The WANNNT-SC is the first NICU
nursing workload tool that is validated to support the development of
safe, balanced patient assignments in a surgical level III NICU. Nursing
managers of surgical NICU's can use the WANNNT-SC to support
staffing decisions and justify budgetary expenditures related to staffing.
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