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Abstract

Introduction: NW is related to the quality of care provided in the ICUs, as it was found that increased
NW affects negatively both patient safety and nursing outcomes. The identification of the factors that
influence the NW is particularly important, as it helps to improve care. However, it has not been
investigated which factors influence the NW in Pediatric Intensives Care Units (PICU).

Aim: To assess the NW in the PICU, as well as to investigate the factors with increased NW.

Methods: A prospective and observational study was performed in one PICU (6-bed PICU and 1-bed
for short-term care) in Greece from the 15t of July to the 315 of December 2021. NW was assessed daily
for each patient with the P-NAS scale, while clinical severity was assessed on the 15t day of patients’
hospitalization using the Pediatric Risk of Mortality IV (PRISM IV) score and Paediatric Logistic
Organ Dysfunction 2 (PELOD-2) score. Descriptive analyses, correlation study with parametric and
Area under the Receiver Operating Characteristic Curve (AUC-ROC) were performed, with statistical
significance a=0.05.

Results: The study sample consisted of 55 patients (60% boys; median age: 3.72 (0.69-11.78) years) and
684 NW records were performed. Four (7.3%) children died. The mean scores of P-NAS on admission,
on discharge, and in total records were 83.87 (+ 22.42), 72.87 (£ 22.93) and 27.41 (£ 7.01), respectively.
The NW on admission had statistically significant correlation the PRISM IV score IV (rho=0.371,
p=0.007) and PELOD-2 (rho=0.631, p<0.001). The AUC-ROC of NAS for predicting death of critically
ill children was 0.929 (0.849, 1.008). The admission from another hospital (p<0.001), the emergency
admission (p<0.001), and the diagnostic category of trauma (p=0.028) were associated with increased
NW on admission. Moreover, department (p<0.001) and type of admission (p<0.001) and the existing
of comorbidities (p<0.001) were associated with increased daily NW in PICU.

Conclusion: The P-NAS are reliable and valid tool for the assessment of NW in PICU. The P-NAS had
good discrimination in predicting mortality in critically ill children. Prognostic factors of high
workload were the severity scores, the coming from another hospital, the trauma diagnosis, and the
emergency admission.
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Introduction infections, increased length of stay and higher mortality rates.
However, the staffing process is one of the most important
problems of any health organization, since staff payroll costs
are the largest expense in the majority of health care budgets,
especially in PICUs, where the nurse-to-patient ratio is higher
than in general medical and surgical ward [2].

The Pediatric Intensive Care Unit (PICU) is a special ward that
provides specialist care in infants, children, and adolescents
with possible or existing life-threatening illnesses or injuries. In
the context of the holistic nursing approach, the care provided
includes not only the children, but their families as well as. The

high demands of daily practice in the PICU lead nurses to an Ihe assessment of NW is necessary to investigate the
increased nursing workload [1]. interaction of nurses with patients, and for hospital budget

estimation, treatment planning and cost-effectiveness analyzes
in ICUs. Nowadays, several measurement systems have been
developed for the assessment of the NW in ICUs, focusing on

Nursing Workload (NW) is defined as the total time required to
perform nursing activities in a specific period of time. NW is
related to the quality of care provided in the ICUs, as it was o needs and severity of the patients' condition. The most
found that increased NW affects negatively both patient safety commonly used systems are the Therapeutic Intervention

and nursing outcomes. Moreover, increased patients to nurses Scoring System (TISS-28), the Nursing Activities Score (NAS)
ratio in ICU is associated with higher rates of hospital acquired
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and the Nine Equivalents of Nursing Manpower use score
(NEMS).

The assessment of the NW in PICUs with the above systems
has been the subject of few studies. In Greece, the NW in
PICU has been assessed in only one study with the Pediatric
version of NAS (P-NAS) and the TISS-28 for 5 weeks. In our
country, no system is used for the nursing staffing of PICUs, so
it is important to investigate the usefulness of the NW scales in
the assessment of the NW and the calculation of the required
staffing to provide high quality care. Moreover, the factors
associated with increased NW in PICUs have not been
adequately examined. Therefore, the purpose of the present
study was to implement the P-NAS in order to measure the
NW in hospitalized patients in a Greek PICU. Additionally, the
current study investigated the factors associated with increased
NW in PICU [3,4].

Materials and Methods

Study design and population

This prospective and observational cohort study was conducted
in one University PICU (6-bed PICU and 1-bed for short-term
care), which is located in the inner area of Heraklion (Crete),
from the 15t of July to the 315 of December 2021. The study
population included all patients, who were admitted to the
PICUs during the study period. We excluded patients staying in
the ICU for <8 h. From 104 patients were hospitalized in the
PICU during the study period, 49 patients were excluded
because they were stayed in the PICU for less than 8 hours.
Therefore, the study sample consisted of 55 patients. Two
patients were over 18 years of age; however, we did not
exclude them from the study, because NW scales are valid
tools for the assessment of NW in adult ICUs [5].

Data collection

The nursing workload was assessment using Pediatric version
of Nursing Activities Score (PNAS). The P-NAS have been
validated in Greek PICU in a previous study. NAS consists of
23 items that assess the routine activities performed by the
nurses looking after critically ill patients. NAS score represents
the percentage of the time the nursing staff needs to perform
the care-related tasks per ICU patient per 24 hours. The total
NAS score ranges from 0% to 177%, and each NAS point
corresponds to 14.4 min of nursing care. The assessment of
NW was performed daily for each hospitalized patient. We
performed a total of 684 measurements with the P-NAS scale

[6].

Moreover, the Pediatric Risk of Mortality IV (PRISM IV)
score and Paediatric Logistic Organ Dysfunction 2 (PELOD-2)
score was used to assess the severity of the patients. For the
PRISM-IV score, the laboratory data (PaO,, PaCO,, PT, aPTT,
serum urea nitrogen, serum potassium, serum creatinine, blood
glucose, and serum bicarbonate levels, white blood cell and
platelet counts) were collected for the 2 hrs before admission to
4 hrs after admission. The other physiologic variables
(temperature, systolic blood pressure, heart rate, GCS score,

pupillary reaction) were collected for the first 4 hrs of PICU
care. The PELOD-2 score evaluates five organ systems
(neurologic,  cardiovascular, respiratory, renal, and
hematologic) using 10 variables (GCS score, pupillary
reaction, lactatemia, mean arterial blood pressures, PaO,/FiO,
ratio, PaCO,, invasive ventilation, creatinine level, white blood
cell count, and platelet count). For variables that were
measured more than once within 24 hrs of admission, the worst
values for the day were selected for calculating the PELOD-2

[7].

In addition, a form was used to record the demographic and
clinical data of patients admitted to the PICU. The data were
recorded by one researcher, non-PICU staff member, and 2
PICU nurses. Data collection was performed through
observation of the pediatric patients and the medical/nursing
records.

Data analysis

All statistical analyses were performed using Statistical
Program for Social Science (SPSS) version 28.0 and STATA
version 13.0. Categorical variables are presented as absolute
(N) and relative (%) frequencies. Continuous variables are
expressed as mean (+ Standard Deviations (SDs)) or medians
(Interquartile Ranges (IQRs)). The normality assumption for
continuous variables was evaluated by using the normal Q-Q
plots and normality test. In order to compare NW with
demographic and clinical characteristics, we used: a) t-test or
Mann-Whitney test to compare the quantitative variable
between the two groups, depending on whether the quantitative
variable followed the normal distribution, b) the ANOVA test
or the Kruskal Wallis test to compare the quantitative variable
between the three or more groups, depending on whether the
quantitative variable followed the normal distribution, c) the
Pearson's coefficient or the Spearman coefficient (rho) between
quantitative variables. Moreover, for the prediction ability of
the P-NAS and the clinical severity scores in predicting the
patients’ outcome in the PICU, the Area under the Receiver
Operating Characteristic Curve (AUC-ROC) was calculated.
Acceptable discrimination is represented by an area under the
curve of 0.70-0.79, good discrimination by an area > 0.80, and
excellent discrimination by an area > 0.90. The level of

statistical significance set at 0=0.05 [8].
Results

Demographic and clinical characteristics of patients

The study sample consisted of 55 patients who were
hospitalized in the PICU for at least 24 hours. Of the 55
patients, 33 (60.0%) were male. The median age of the patients
was 3.72 (0.69-11.78) years. The observed mortality was 7.3%.
The mean PELOD II score was 3.50 (+ 4.15) and PRISM 1V
score 5.79 (£ 5.76). Additional demographic and clinical data
of the sample are presented in Table 1.
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Table 1. Demographic and clinical characteristics of patients (N=55).

Demographic and clinical characteristics

Gender, N (%)

Male 33 (60.0)
Female 22 (40.0)
Age (years), Median (IQR) 3.72 (0.69 — 11.78)

Age categories, N (%)

Infants 17 (30.9)
Children 25 (45.5)
Adolescent 11 (20.0)
Adults 2(3.6)

Department of origin, N (%)

Emergency department 11 (20.0)
Ward 15 (27.3)
Surgery 14 (25.5)
Another hospital 15 (27.3)

Type admission, N (%)

Elective 17 (30.9)

Emergency 38 (69.1)

Type of patient, N (%)

Medical 31 (56.4)
Surgical 15 (27.3)
Trauma 9(16.4)

Comorbidities, N (%)

No 32(58.2)

Yes 23 (41.8)

PRISM IIl/IV score, Mean (+SD) 5.79 (£ 5.76)
PELOD I, Mean (+SD) 3.50 (+ 4.15)
Length of stay in PICU (days), Median (IQR) 5.00 (3.00-16.00)

Outcome, N (%)

Survival 51(92.7)
Death 4(7.3)
Nursing workload statistically significantly greater than the NW at discharge
(p<0.001) (Table 2).

The mean P-NAS score, for the total records (N=684), was
76.75 (£ 15.18), which corresponded to 1105.27 (+ 218.64)
minutes of nursing care. The NW on admission was

Table 2. Nursing workload.

Workloads N P-NAS score mean (+ SD)
Nursing workload in total records 684 27.41 (£ 7.01)

Nursing workload on admission 52 83.87 (+ 22.42)

Nursing workload on discharge 52 72.87 (£ 22.93)
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Prognostic ability of P-NAS and severity score for
predicting mortality in PICU

The P-NAS score had a positive statistically significant
correlation with the PRISM IV (tho=0.371, p=0.007) and
PELOD-2 (rho=0.631, p<0.001). ROC curve analysis showed
that the AUCs (95% CI) of P-NAS, PRISM 1V, and PELOD-2
for predicting death of critically ill children were 0.929 (0.849,
1.008), 0.718 (0.221, 1.214), and 0.942 (0.865, 1.019),
respectively (Figure 1).
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Figure 1. Receiver operating characteristic curve for P-NAS

score and severity scores for mortality prediction in PICUs.
Comparison of P-NAS score with demographic and
clinical characteristics

Table 3 shows the comparison of the demographic
characteristics of the patients with the NW on admission and in

total records. As shown in the table, the P-NAS score on
admission did not differ statistically significantly according to
the patients' gender (p=0.557) and age (p=0.080). P-NAS on
admission was statistically significantly greater in patients who
admitted in PICU emergency than in patients who admitted in
elective (93.21 (= 20.51) vs. 64.64 (= 11.15), p<0.001).
Furthermore, the P-NAS on admission differed statistically
significantly according to the sources of PICU patient
admission (p=0.021). More specifically, patients admitted to
the PICU from the operating room had a statistically
significantly lower P-NAS on admission than those admitted to
the PICU from another hospital (70.15 (+ 13.11) vs. 93.74 (+
25.83), p=0.025). Also, NAS score on admission differed
statistically significantly according to patient type (p=0.016).
Specifically, surgical patients had a statistically significantly
lower P-NAS on admission than medical patients (p=0.038).

Additionally, the daily P-NAS score was statistically
significantly greater in boys than in girls (78.03 (= 15.59) vs.
7540 (= 14.64), p=0.023). The daily P-NAS differed
statistically significantly according to the sources of PICU
patient admission (p<0.001), the type of admission (p<0.001),
and the existence of comorbidities (p<0.001). More
specifically, the patients without comorbidities had a
statistically significantly higher daily P-NAS compared to the
patients with comorbidities (80.60 (= 17.21) vs. 74.81 (*
13.66), p<0.001).

Table 3. Comparison of P-NAS score with demographic and clinical characteristics.

Demographic  and| P-NAS on admission P-NAS in total
clinical records
characteristics

Mean (+ SD) p-value Mean (+ SD) p-value
Gender
Male 31 85.16 (+23,57) 0.557 281 78.03 (+ 15.59) 0.023
Female 21 81.95 (+21,02) 279 75.40 (+ 14.64)
Age (years) 52 0.245" 0.08 684 0.016" 0.675
Department of origin
Emergency 1 89.46 (+ 17.76) <0.001 102 76.64 (+ 10.29) <0.001
department
Ward 13 83.28 (+ 24.55) 233 76.05 (+ 10.87)
Surgery 14 70.15 (+ 13.11) 54 67.82 (+ 10.67)
Another hospital 15 93.74 (+ 25.83) 295 78.98 (+ 19.11)
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Type admission

Elective 17 64.64 (+ 11.15) <0.001 196 71.31 (£ 17.04) <0.001
Emergency 35 93.21 (+ 20.51) 488 78.94 ( 13.79)

Type of patient

Medical 28 86.73 (+ 21.56) 0.028 534 76.25 (+ 13.99) 0.202
Surgical 15 73.79 (£ 20.72) 87 77.74 (£ 19.21)

Trauma 9 91.76 (+ 24.40) 63 79.63 (+ 18.20)

Comorbidities

No 32 83.13 (+ 24.31) 0.592 230 80.60 (+ 17.21) <0.001
Yes 23 85.05 (+ 19.55) 454 74.81 (+ 13.66)

Note: “Spearman coefficient; ‘Pearson coefficient

Discussion

The present study assessed the NW in a PICU and examined
the factors associated in with increased NW. For the
assessment of NW, we used the P-NAS scale, because it is
widely used in foreign health care systems, as it is important
tool not for the calculation of the nursing staffing, but also for
the cost management. However, international data regarding
the P-NAS in PICUs are limited [9].

Another finding of our study was that the P-NAS had
acceptable discrimination for predicting of patients’ outcome
in PICU. More specifically, the AUC of NAS for predicting
death of critically ill children was 0.929 (0.849, 1.008).
However, PELOD-2 had better discrimination from the P-
NAS. This is the first study that reports the performance of P-
NAS in predicting mortality among critically ill children [10].
Two studies have evaluated the discrimination of nursing
workload scoring systems to predict mortality risk in patients
admitted to adult ICU. One study showed that the
discriminative ability of the TISS was similar to that of
APACHE II. Additionally, Nassiff et al found that the NAS has
a lower discrimination than the APACHE II. In more details,
the AUC was 0.626 (0.570, 0.678) and 0.721 (0.669, 0.769),
for NAS and APACHE 11, respectively. In a recent meta-
analysis, which included 29 studies, it was found that the
pooled discrimination performance for the PRISM-III/IV and
the PELOD-2 score was 0.84 (95% CI: 0.80-0.87) and 0.83
(95% CI: 0.80-0.86) [11,12].

One of the main findings of this study was that the mean scores
of P-NAS on admission, on discharge, and in total records
were 83.87 (+ 22.42), 72.87 (£ 22.93), and 27.41 (+ 7.01),
respectively. The NW on admission was significantly higher
than the NW on discharge. In the study NAS admission scores
(59.0 + 12.0) and the daily NAS scores (56.0 + 11.0) were
lower compared to the findings of the current study. Also
found lower P-NAS (62.6 + 17.3) score on admission in
comparison to our study. On the other hand, the mean NAS in
adults ICUs, in a review study, has been found to range from
50.4 to 104, with 60% of the total studies obtaining values
between 60 and 70. These score differences of NW could be

associated to the different politics of management and
operation of each PICU [13,14].

Furthermore, in our study was found that the admission from
another hospital, the emergency admission, and the diagnostic
category of trauma were associated with increased NW. In the
study of Romano et al, in 2019, where the sample consisted of
211 patients hospitalized in an adult ICU in Brazil, a
statistically significant relationship was found between the type
of admission and NW on the 1%t day of hospitalization in PICU
[15]. In another study, which conducted in 3 adults ICU, it was
found that APACHE II, days of stay in ICU > 3, surgical
service of provenance, and diagnostic category of traumatology
and emergencies were associated with a high NAS score. There
are no studies that investigate the factors that influence the NW
in PICU [16]. Finally, another finding was the moderate-
strength positive correlation between NW on admission and
severity scores (PRISM 1V, PELOD). The Pediatric Index of
Mortality (PIM) score on admission was not a predictor of NW
on admission. In contrast, in adult ICUs, it has been found that
the Simplified Acute Physiology Score (SAPS) and the
Logistic Organ Dysfunction Score (LODS) were predictors of
NW on admission to the ICU.

Conclusion

The use of the NAS seems to be particularly important in the
clinical practice, and in particular in PICUs, as it enables the
assessment of the NW and the optimal nurse to patient ratio. In
this way, it is ensured that nursing staff is resourced
adequately, and children are receiving safe and high-quality
care. Moreover, the P-NAS had good discrimination in
predicting mortality in critically ill children. Therefore, the P-
NAS is a useful and helpful scale to evaluate the severity of
critically ill children effectively and accurately in Greek
PICUs.

Limitations of the Study

Despite the fact that the current study reached important
conclusions about NW in PICU, it is nevertheless characterized
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by a number of limitations. The present study was carried out
in one PICU in Athens, thus ensuring homogeneity in terms of
the nursing care provided, however, the fact that patients from
other PICUs were not included in the study sample may cause
some degree of limitation as towards the generalization of the
results. Also, there was no randomization of the time period of
its conduct, resulting in bias error of the possible seasonal
variation of the NW. Additionally, the main researcher was not
a member of the staff in the PICU and the recording of the NW
scales was done once every 24 hours. This may have resulted
in the underestimation of NW, in cases of poor documentation
of nursing interventions, in the patients' files, from where the
data were collected.
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