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Abstract

Aims: The aim of this study was to assess associations between a general nursing

funding scale and an intensive care unit specific nursing workload scale and the cost

of nursing staff.

Background: Nurse staffing represents the most important cost in the intensive care

unit, so it is essential to evaluate it accurately. In addition, the assessment of nursing

workload is important for the daily management of the intensive care unit and to

ensure quality of care.

Methods: This was a retrospective and quantitative study carried out in the intensive

care unit of a Belgian hospital. The extraction of data from the Nursing Activities

Score and the Minimum Hospital Summary Nursing Dataset were carried out during

2 periods of 15 days, from 1 June 2018 to 15 June 2018 and from 1 September

2018 to 15 September 2018.

Results: A total of 234 patients were included in the study. A total of 773 Nursing

Activities Score and Minimum Hospital Summary Nursing Dataset recordings were

analyzed in the study per intensive care unit day. A strong correlation was observed

between Nursing Activities Score and Minimum Hospital Summary Nursing Dataset

for the entire intensive care unit stay with a rho (95% CI) of .88 (0.83–.93); however,

the correlation was moderate per intensive care unit day with a rho of .51 (0.45–

0.57). A strong association was observed between the Minimum Hospital Summary

Nursing Dataset and the Nursing Activities Score with the costs of intensive care unit

nurses with a rho (95% CI) of .78 (0.72–0.86) and .74 (0.65–0.84), respectively.

Conclusions: A general nursing funding scale in Belgium was strongly correlated with

the nursing workload for the whole intensive care unit stay, but this correlation was

moderate per intensive care unit day. In contrast, both scales showed a good correla-

tion with intensive care unit nursing costs.

Implications for nursing management: In Belgium, a general funding scale for nurses

does not allow for an assessment of the nursing workload in the intensive care unit.

The study was not registered as it is a retrospective oberservation study. However, this study was approved by the University Libre de Bruxelles ethics committee on 19 November 2018, with

reference: P2018/559 and by that of the hospital on 19 December 2018, with reference P18/67_28/11.
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The Nursing Activities Score is strongly correlated with the cost of nursing staff in

the intensive care unit. The authors recommend that the Belgian authorities carry

out this type of study in several intensive care units in the country and eventually

replace the general funding scale for nurses with the Nursing Activities Score.
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1 | BACKGROUND

The cost of caregivers is the most important cost factor in intensive

care units (ICUs) (Bittner et al., 2013) (Reis Miranda & Jegers, 2012)

(Kilic et al., 2019). One study conducted in four European countries

estimated the cost of an ICU to be around 20% of total hospital direct

costs, of which about half is spent on nurse staffing (Tan et al., 2012).

However, high nurse workload in the ICU is associated with nurse-

sensitive patient outcomes (Driscoll et al., 2018) and an increased risk

of burnout (Bruyneel et al., 2021). In addition to producing better

results, costs avoided due to fewer readmissions and shorter length of

stay have been demonstrated with provision of additional nursing

staff (McHugh et al., 2021; Murphy et al., 2021). Therefore, an accu-

rate analysis of the operating costs associated with human resources

is necessary within an ICU to determine whether resources are prop-

erly allocated according to the individual needs of patients and to

avoid understaffing or overstaffing the ICU workforce (Ricci de Araújo

et al., 2021; Stafseth et al., 2018).

In Belgium, hospital funding is still mixed. Part of the funding is

financed by the budget of financial means (37.3%), which is linked to

the activity of the hospital and evaluated by the diagnosis-related

group, and the remainder of the funding comes from medical acts

(39.8%), pharmaceutical products (18.4%) and conventions (4.5%)

(Durant et al., 2021). The financing of nursing care, including that of

intensive care nurses, comes from part of the budget of financial

means (40%) and is adjusted according to the nursing activity Mini-

mum Hospital Summary Nursing Dataset (MHSND) (Pirson

et al., 2013). This scale is encoded only four times a year for 2 weeks

for all patients hospitalized in Belgium, and it is not specific to the

ICU. The MHSND is a minimal tool for recording nursing interventions

performed and not a recording of all of the care provided to the

patient or the care required by the patient. This tool is used both to

provide a minimum collection of data on nursing interventions carried

out and to finance the nursing staff. Nevertheless, the effectiveness of

this scale in the ICU has never been evaluated (Stephani et al., 2018).

In other European countries, the funding of nursing uses intensive

care-specific workload scales such as the Simplified Therapeutic Inter-

vention Scoring System (TISS-28) and the Nine Equivalents of Nursing

Manpower Use Score (NEMS) (Reis Miranda & Jegers, 2012).

According to a literature review, these scales are used in Germany,

Great Britain and Austria (Bittner et al., 2013). To our knowledge, the

Nursing Activities Score (NAS) (Miranda et al., 2003) is not yet used

for the official funding of ICU nursing, although it is the most accurate

scale to assess nursing workload in the ICU (Greaves et al., 2018;

Hoogendoorn et al., 2020). In addition, the NAS is suitable for esti-

mating the cost of ICU nursing per stay, a factor that may be of inter-

est to hospital managers (Oliveira et al., 2019; Stafseth et al., 2018).

The aim of this study was to assess associations between the

MHSND and the NAS in intensive care and the cost of nursing staff.

2 | METHODS

2.1 | Design and setting

This was a retrospective and quantitative study carried out in the ICU of

a Belgian university hospital consisting of four ICUs with a total of

32 medico-surgical beds, including six paediatric beds. The recording and

extraction of data from the NAS and the MHSND were carried out

during two periods of 15 days, from 1 June 2018 to 15 June 2018

(Period 1) and from 1 September 2018 to 15 September 2018 (Period 2).

2.2 | Instrument and data collection

The NAS covers 81% of nursing activities involving care for the

patient (Category 1) and is independent of disease severity. In addi-

tion, the nurses spent about 6% of their time performing activities not

directly related to patient care and not medical (Category 2) and about

11% on personal activities of the nurse (Category 3). The activities

that could not be scored in the activities of the other categories

(Category 4) represented 2% of nursing time (Miranda et al., 2003).

This retrospective scale specific to intensive care can be encoded by

shift or by day (24 h). This tool has been validated in 99 ICUs from

15 countries and is included in a large number of international publica-

tions. Composed of 23 items, it includes both direct and indirect care.

Each item representing a nursing activity is subject to a binary choice

(for 18 items) or multiple choice (for 5 items). The score (per patient)

is expressed as a percentage and varies from 0% to 177%. This repre-

sents the average proportion of nursing time needed to provide care

to the patient (100% = 1 nurse). The weighting of the items was done

according to the ‘worksampling’ method, which is a reliable method

resulting from industrial engineering, making it possible to measure

action times without the inconvenience of timing. This scale provides

an approach to nursing workload that measures the nursing time con-

sumed per patient.
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The NAS scale used in this study has been translated, and adapted

to Belgium, for use by shift. This version of the scale was published in a

previous study by Bruyneel et al. and validated by Professor Miranda

(author of the NAS scale) (Bruyneel et al., 2018). The score was encoded

via a computer tool (Epimed Monitor®) at the end of each shift by nurses

at the bedside. In our sample, nurses worked either in three shifts,

mainly 8 h in the morning, 8 h in the afternoon or 11 h at night. The

score was encoded as soon as the patient was admitted to the unit until

discharge. The NAS is weighted in minutes per day based on the

patient’s time in the ward. Because 100% corresponds to 24 h of a

nurse’s working time, 1% is equivalent to 14.4 min (Miranda et al., 2003;

Padilha et al., 2015). The NAS is not yet used to fund nurses in the ICU.

However, workload scales as the Therapeutic Intervention Scoring

System-28 and the NEMS are already used in Germany, Austria and the

United Kingdom (Bittner et al., 2013).

Concerning the MHSND, the last official version is from 2017,

coding manual MHSND 2.0, composed of 62 items structured into six

groups: (1) care related to basic physiological functions; (2) complex

physiological functions; (3) behavior; (4) safety; (5) family and rela-

tives; and (6) health care management (Myny et al., 2014). The devel-

opment of the items was based on the international Nursing

Interventions Classification. A study carried out in 2013 made it possi-

ble to obtain a standard time per item, expressed in minutes, as Time-

Skill Points using a Delphi method (Sermeus et al., 2007; SPF Santé

publique, 2017). This scale is only used in Belgium. However, the

same methodology for constructing the scale (Delphi method) has

been used for other scales such as the Projet de Recherche en Nurs-

ing and Leisungserfassung in der Pflege (Myny et al., 2014).

Concerning the cost analysis, these data were obtained from a

hospital cost analysis project conducted by the research centre in

Health Economics, Hospital Management and Nursing Research

Department of the School of Public Health at the Université Libre de

Bruxelles in Belgium, which calculated the cost of inpatient stays for

17 Belgian hospitals in 2018 (Pirson & Leclercq, 2014). The allocation

of nursing care costs in the ICU was made according to two criteria.

The first one is based on the OMEGA scale, which uses some medical

activities and care performed at the patient’s bedside (Utilisation de

l’indice de gravité simplifié et du système Omega, 1986). This scale,

created in France and composed of 47 items, was adapted to Belgium,

for activities usually recorded in the ICU. Following this, 21 items

(40 Belgian activities) and 4 drug classes (12 ATC [Anatomical Thera-

peutic Chemical] codes) have been considered. Originally, the Omega

scale was not intended to assess nursing workload but to allocate hos-

pital costs. As suggested in one study, the score was not directly used

for the nursing care cost allocation, and an Omega Score-related

healing minutes was preferred (Blin et al., 1990). The second criterion

is the length-of-stay (LOS) in the ICU. According to a consensus of

experts, a 50/50 ratio between these two criteria has been used for

the nursing care cost allocation.

Concerning the training level of the nurses in the study, in

Belgium, we have two levels of training (bachelor’s degree and no

bachelor’s degree) as well as a specialization, which takes place after

the bachelor with an additional year that includes training in intensive

and emergency care. Approximately 70% of the ICU nurses are spe-

cialized, logistics assistants and care assistants are present in a major-

ity of the ICUs but only in the morning shift (Bruyneel et al., 2021;

van den Heede et al., 2019).

2.3 | Statistical analysis

For comparisons of asymmetric variables, the Mann–Whitney U and

Kruskal–Wallis H tests were used. For symmetric variables, Student’s

T (t) test and the Chi-square test (χ 2) were used for proportion

comparisons. Statistical analyses were performed with Software for

Statistics and Data Science (14.0, Texas). A p value < .05 was consid-

ered statistically significant. Means and standard deviations (SDs)

were used to describe symmetric variables, and medians (Mdns) and

InterQuartile Ranges (IQRs) were used to describe asymmetric

variables.

For correlation analysis, Pearson’s coefficient was used for sym-

metric data, and Spearman’s Rank-Order (rho) was used for asymmet-

ric variables. The interpretation of correlation in this study follows the

references in this article (Schober et al., 2018).

2.4 | Ethical approval

This study was approved by the University Libre de Bruxelles ethics

committee. The data collected have been anonymized. Only the

patient stay numbers were used to compare the data between the dif-

ferent MHSND and NAS databases.

3 | RESULTS

3.1 | Socio-demographic characteristics

This study included 234 patients with 119 patients in Period 1 and

115 in Period 2. The median (IQR) LOS in the ICU was 2 days (2) and

was 10 days (11) for the entire hospitalization. The mean (SD) of

Simplified Acute Physiology (SAPS) 3 was 46.3 (15.6), and the pro-

portion of ventilated patients was 36%. The most common type of

admission was medical (51%), followed by elective surgical (35%) and

urgent surgery (14%). The most common category of pathology was

cardiac surgery (21%) followed by neurosurgery (12%) and neurology

(12%). Finally, ICU mortality was 6%, and hospital mortality was 12%.

No significant difference was observed between the two periods

(Table 1).

3.2 | NAS, MHSND and cost descriptions

The mean (SD) NAS by 24 h was 65.5% (14.8) for the morning, 63.6%

(17.3) for the afternoon, 60.5% (15.9) for the night and 70.3% (17.0)

for 24 h. A total of 773 NAS and MHSND activities were analyzed in
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the study per ICU Day. Regarding the NAS, converted to minutes per

day, the median (IQR) was 712 (511), whereas the MHSND was

814 (340) min. MHSND minutes were also higher for the stay set than

the NAS with 1776 (1528) and 1289 (1411), respectively. The median

cost at the ICU per stay was 2915€ (4886) and 1306€ (2383) for the

nursing cost nursing per stay in the ICU (Table 2).

3.3 | Analysis of correlations between NAS and
MHSND

A very strong correlation was observed between NAS and MHSND

for the entire ICU stay with a rho (95% CI) of .88 (0.83–0.93). In con-

trast, the correlation was moderate per ICU day with a rho of .51

(0.45–0.57) (Figure 1).

Regarding the factors for the entire stay, the strongest correlation

was found in patients who had urgent surgery with a rho of .97

(0.90–0.99), and the weakest correlation was in medical patients with

a result of .78 (0.71–0.93). For the analysis by ICU day, the strongest

correlation was for patients present in Period 2 with a rho of .60

(0.54–0.67) and the weakest for patients who had urgent surgery with

.29 (0.14–0.45) (Table 3).

3.4 | Analysis of correlations between the scores
and cost

A strong association was observed between the MHSND and the

NAS with the cost of nurses in the ICU with a rho (95% CI) of .78

(0.72–0.86) and .74 (0.65–0.84), respectively (Figure 2).

T AB L E 1 Socio-demographic characteristics of the patients

Characteristics Period 1 (n = 119) Period 2 (n = 115) Test values p value Total (n = 234)

Age, mean � SD, y 63.17 � 17.1 59.2 � 18.1 t = 1.92 .054 61.5 � 17.7

Paediatric case (>15 years), n (%) 4 (3) 2 (2) χ 2 = 0.61 .443 6 (3)

Men, n (%) 67 (56) 69 (60) χ 2 = 0.32 .325 136 (58)

Length of stay in ICU, median (IQR), d 2 (3) 2 (3) U = 0.71 .477 2 (2)

Length of stay prior ICU, median (IQR), d 1 (2) 1 (2) U = 1.39 .164 1 (2)

Length of hospital stay, median (IQR), d 11 (9) 13 (9) U = 1.98 .047 10 (11)

SAPS 3, mean � SD 47.7 � 14.9 41.9 � 16.2 t = 1.40 .161 46.3 � 15.6

Ventilated patients, n (%) 42 (35) 43 (37) χ 2 = 0.47 .375 85 (36)

Type admission, n (%)

Medical 62 (52) 57 (49) χ 2 = 0.27 .873 119 (51)

Elective surgery 41 (35) 40 (35) 81 (35)

Urgent surgery 16 (13) 18 (16) 34 (14)

Pathology category, n (%)

Heart surgery 24 (21) 24 (21) χ 2 = 1.44 .366 48 (21)

Thoracic surgery 13 (11) 7 (6) 20 (9)

Digestive surgery 12 (10) 6 (5) 18 (8)

Vascular surgery 7 (6) 8 (7) 15 (6)

Neurosurgery 13 (10) 14 (12) 27 (12)

Neurology 13 (11) 14 (11) 27 (12)

Cardiology 11 (9) 13 (11) 24 (10)

Pneumology 5 (4) 11 (10) 16 (7)

Sepsis 14 (13) 6 (5) 20 (9)

Traumatology 3 (2) 7 (6) 10 (4)

Other 4 (3) 5 (4) 9 (10)

Destination, n (%)

Deceased in ICU 7 (6) 9 (8) χ 2 = 6.23 .284 16 (7)

Ward 109 (91) 103 (90) 212 (91)

Other hospital 1 (1) 0 1 (0)

Home 2 (2) 3 (2) 5 (2)

Hospital mortality, n (%) 12 (11) 13 (12) χ 2 = 2.43 .384 15 (12)

Abbreviations: d, days; ICU, intensive care unit; IQR, InterQuartile Range; SAPS 3, The Simplified Acute Physiology Score; SD, standard deviation; y, years.
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Regarding associated factors, the worst correlation was observed

in geriatric patients with a rho .59 (0.69–0.90), and this was higher

for urgent surgical patients with .83 (0.58–0.99) for the MHSND

scale. For NAS, the same trend was observed with .48 (0.36–0.60) in

geriatric patients and .84 (0.66–0.87) in urgent surgical patients

(Table 4).

4 | DISCUSSION

In this study, the socio-demographic data, with mean (SD) SAPS 3 of

46.3 (15.6) and an ICU mortality rate of 6%, correspond to other stud-

ies published in ICUs in Belgium (Bruyneel et al., 2019; Debergh

et al., 2012).

The NAS results per shift and per 24 h are also consistent with a

Belgian multicenter study published in 2019 (Bruyneel et al., 2019).

With a median NAS converted into minutes per day of 712 (511), it is

very similar to the MHSND minutes of 814 (340). However, there is a

greater difference in minutes for the whole stay with a median NAS

of 1289 (1411) and 1776 (1528) for MHSND. However, this differ-

ence can be explained by the high variability of ICU stays given the

high IQR and high medians.

Regarding correlation analyses, a strong correlation was observed

between the NAS and the MHSND for the whole stay with a rho

(95% CI) of .88 (0.83–0.93). However, this correlation is moderate per

ICU day with a rho of .51 (0.45–0.57) and possibly weak for some

stays such as emergency surgery with a rho of .29 (0.14–0.45). The

MHSND is not specific to the ICU, and it cannot determine the daily

workload because it varies during the patient’s stay in the ICU

(Bruyneel et al., 2019) (Lucchini et al., 2014). In addition, the MHSND

may not be able to identify high NAS, such as in patients undergoing

urgent surgery such as cardiac surgery, or those with a high ICU

length of stay (Lucchini et al., 2014). The MHSND, therefore, makes it

possible to evaluate the cost of nursing staff for the entire stay but

does not make it possible to evaluate the nursing workload in the ICU.

However, the analysis of this workload is important in the daily

T AB L E 2 NAS, MHSND and cost descriptions

Characteristics Period 1 Period 2 Test values p value Total

NAS morning, mean � SD, %—n = 636 65.3 � 14.6 65.2 � 15.1 t = 0.07 .963 65.3 � 14.8

NAS afternoon, mean � SD, %—n = 605 62.0 � 16.2 65.9 � 18.2 t = �2.16 .030 63.6 � 17.2

NAS night, mean � SD, %—n = 569 59.8 � 14.5 61.5 � 17.6 t = �1.27 .202 60.5 � 15.9

NAS 24 h, mean � SD, %—n = 773 70.2 � 16.0 70.6 � 18.2 t = �0.26 .794 70.3 � 17.0

NAS 24 h per day, median (IQR), min 764 (488) 681 (518) U = 1.97 .072 712 (511)

MHSND per day, median (IQR), min 820 (367) 795 (304) U = 0.72 .472 814 (340)

Difference per day (MHSND-NAS), median (IQR), min 99 (459) 116 (334) U = �0.60 .543 105 (401)

NAS 24 h per stay, median (IQR), min 1570 (1361) 1107 (1426) U = 1.31 .189 1289 (1411)

MHSND per stay, median (IQR), min 1885 (1784) 1627 (1568) U = 1.81 .069 1776 (1528)

Difference per stay (MHSND-NAS), median (IQR), min 596 (736) 388 (615) U = 1.68 .091 479 (702)

Cost of the stay at the ICU, median (IQR), € 3314 (3948) 2851 (5477) U = 0.57 .571 2915 (4886)

Cost per stay of the nurse in the ICU, median (IQR), € 1343 (1474) 1167 (2383) U = 0.79 .427 1306 (2383)

Abbreviations: ICU, intensive care unit; IQR, InterQuartile Range; MHSND, Minimum Hospital Summary Nursing Dataset; NAS, Nursing Activities Score;

SD, standard deviation.

F I GU R E 1 Correlation between Nursing Activities Score (NAS)
and Minimum Hospital Summary Nursing Dataset (MHSND). (a) Per
stay; (b) per day
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management of nurses in the ICU (Margadant et al., 2020). Moreover,

with the Belgian MHSND scale, it is very difficult to compare the

results with other international studies that use the NAS (Padilha

et al., 2015).

The cost per stay and of nursing staff in the ICU is difficult to

compare with other studies due to the high variability across countries

in terms of the cost of care, ICU nurse staffing and non-nursing staff

(Stafseth et al., 2018; Tan et al., 2012). On the other hand, both scales

show similar results with regard to the correlation analyses of the cost

of nursing staff. In the analyses by patient category, there is a strong

correlation for urgent surgery patients, but the opposite is true for

geriatric patients.

Our study shows that the NAS can be used to assess the cost of

nursing staff as have other published studies in the ICU. In addition,

the NAS allows an assessment of nursing workload and a comparison

with international studies. However, the NAS does not take into

T AB L E 3 Correlations between NAS and MHSND per day and per stay, rho (95% CI)

Characteristics Per day p value Per stay p value

Period 1 .43 (0.35–0.51) <.0001 .88 (0.82–0.94) <.0001

Period 2 .60 (0.54–0.67) <.0001 .87 (0.78–0.95) <.0001

Geriatric patient (>75 years) .42 (0.29–0.55) <.0001 .80 (0.67–0.93) <.0001

Male .48 (0.41–0.56) <.0001 .92 (0.87–0.97) <.0001

Female .55 (0.470.63) <.0001 .80 (0.69–0.91) <.0001

Outliers LOS (cut-off with median: 2 days) .45 (0.37–0.53) <.0001 .91 (0.84–0.98) <.0001

Patients ventilated .34 (0.24–0.45) <.0001 .80 (0.71–0.89) <.0001

Medical .40 (0.28–0.51) <.0001 .78 (0.64–0.93) <.0001

Elective surgery .63 (0.57–0.69) <.0001 .91 (0.86–0.95) <.0001

Urgent surgery .29 (0.14–0.45) <.0001 .97 (0.90–0.99) <.0001

Paediatric patient .31 (0.15–0.46) <.0001 .97 (0.90–0.99) .0620

Death .46 (0.32–0.62) <.0001 .93 (0.75–0.99) <.0001

Outliers SAPS3 (cut-off with median: 44) .53 (0.47–0.60) <.0001 .94 (0.90–0.97) <.0001

Abbreviations: LOS, length of stay; SAPS 3, The Simplified Acute Physiology Score.

F I G U R E 2 Correlations between Nursing
Activities Score (NAS) and Minimum Hospital
Summary Nursing Dataset (MHSND) with costs.
(a) MHSND; (b) NAS
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account the skill level of the nurses, although the level of education is

important for the quality of care, whereas the MHSND takes this into

account in the weighting of minutes (Aiken et al., 2014). We therefore

recommend that the Belgian authorities carry out this type of study in

several ICUs in the country and eventually replace the MHSND with

the NAS, which may be both adequate to assess the funding needs of

the ICU in terms of nursing staff but also serve ICU managers.

4.1 | Limitations

Our study has limitations. First, this analysis was conducted in a single

ICU and only over two 2-week periods. Second, the analysis of nurs-

ing staff costs uses, in part, an Omega scale that has not been vali-

dated outside France. Finally, another potential problem is the lack of

data because of non-documentation by staff for only the NAS as it is

not mandatory in Belgium.

5 | CONCLUSION

In this study, the general nursing funding scale in Belgium is strongly

correlated with the nursing workload for the whole ICU stay, but this

correlation is moderate per ICU Day. In contrast, both scales

showed a good correlation with ICU nursing costs. Further multicen-

ter studies in Belgium are needed to possibly modify the funding of

ICU nurses.

6 | IMPLICATIONS FOR NURSING
MANAGEMENT

In Belgium, a general funding scale for nurses does not allow for an

assessment of the nursing workload in the ICU. The NAS is strongly

correlated with the cost of nursing staff in the ICU. The authors rec-

ommend that the Belgian authorities carry out this type of study in

several ICUs in the country and eventually replace the general funding

scale for nurses with the NAS.
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