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ARTICLE INFO ABSTRACT

Keywords: Introduction: Hospitals with better nursing resources report more favourable patient outcomes with almost no
Cost difference in cost as compared to those with worse nursing resources. The aim of this study was to assess the
Nursing

association between nursing cost per intensive care unit bed and patient outcomes (mortality, readmission, and
length of stay).

Methodology: This was a retrospective cohort study using data collected from the intensive care units of 17
Belgian hospitals from January 01 to December 31, 2018. Hospitals were dichotomized using median annual
nursing cost per bed. A total of 18,235 intensive care unit stays were included in the study with 5,664 stays in the
low-cost nursing group and 12,571 in the high-cost nursing group.

Results: The rate of high length of stay outliers in the intensive care unit was significantly lower in the high-cost
nursing group (9.2% vs 14.4%) compared to the low-cost nursing group. Intensive care unit readmission was not
significantly different in the two groups. Mortality was lower in the high-cost nursing group for intensive care
unit (9.9% vs 11.3%) and hospital (13.1% vs 14.6%) mortality. The nursing cost per intensive care bed was
different in the two groups, with a median [IQR] cost of 159,387€ [140,307-166,690] for the low-cost nursing
group and 214,032€ [198,094-230,058] for the high-cost group.

In multivariate analysis, intensive care unit mortality (OR = 0.80, 95% CI: 0.69-0.92, p < 0.0001), in-hospital
mortality (OR = 0.82, 95% CI: 0.72-0.93, p < 0.0001), and high length of stay outliers (OR = 0.48, 95% CI:
0.42-0.55, p < 0.0001) were lower in the high-cost nursing group. However, there was no significant effect on
intensive care readmission between the two groups (OR = 1.24, 95% CI: 0.97-1.51, p > 0.05).

Conclusions: This study found that higher-cost nursing per bed was associated with significantly lower intensive
care unit and in-hospital mortality rates, as well as fewer high length of stay outliers, but had no significant effect
on readmission to the intensive care unit.

Intensive care unit
Quality of care
Workload

e Increased investment in the intensive care nursing workforce
and education is essential to improving care quality and
decreasing patient length of stay.

e For the authorities, the nursing cost per intensive care unit bed
could be used as an quality indicator for countries without
continuous nursing resources.

Implications for clinical practice

e Patients in hospitals with higher intensive care unit nursing
costs per bed have better outcomes: including lower intensive
care and in-hospital mortality, and lower length of stay in the
intensive care unit.
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Introduction

The cost of caregivers is the most important cost factor in intensive
care units (ICUs) (Bittner et al., 2013; Reis Miranda and 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 (Halpern and Pas-
tores, 2010; Moerer et al., 2007). The cost of nursing staff includes the
nurse-to-patient (N:P) ratio, and the experience and education level of
nurses.

Studies have demonstrated an association between inadequate N:P
ratio and quality of care, with reported increases in the incidence of
nosocomial infections, adverse events, and ICU mortality (Driscoll et al.,
2018; Lasater et al., 2020; Needleman et al., 2020; Rae et al., 2021). In
addition, the same associations have been made for increases in the
prevalence of burnout among nurses, which also impacts quality of care
(Bruyneel et al., 2021; Cimiotti et al., 2012).

Regarding the level of education of nurses, a high level of education
is associated with better patient outcomes (Aiken et al., 2014; Haeg-
dorens et al., 2019; Lasater et al., 2021b; Musy et al., 2021; Sloane et al.,
2018; Van den Heede et al., 2009). With regard to specialisation, the
organisation of specialisations is very different depending on the
country but specialised nurses may have a positive impact on quality of
care and nurse satisfaction (Adibelli et al., 2017; Dury et al., 2014; Falk
and Wallin, 2016; Obeidat et al., 2022). One study from Brazil reported
that ICU nurses with greater autonomy have better patient outcomes
(Zampieri et al., 2019).

On the other hand, the association between the experience level of
nurses and the quality of care is less clear. Some studies have reported an
impact of years of experience on mortality and others have not found a
significant effect (Fasolino and Snyder, 2012; Lee et al., 2018). In any
case, the turnover of nurses in the ICU is more frequent and, therefore,
experience levels are lower than for other units and it is important to
have expert nurses in the management of a team of ICU-competent level
nurses (Adams et al., 2019; Christensen and Hewitt-Taylor, 2006; Mil-
homme et al., 2018).

Optimal nurse staffing in acute care hospitals also reduces costs due
to fewer readmissions, lower rates of admission to intensive care, and
shorter lengths of stay (Aiken et al., 2021; McHugh et al., 2021; Murphy
et al., 2021). Hospitals with better nursing resources (staffing, skill mix,
education, work environment) have better patient outcomes and expe-
riences, with no difference in cost (Lasater et al., 2021a; Lake et al.,
2022). However, to our knowledge, no study has been conducted on the
association between nursing cost and patient outcomes in ICUs only.

The aim of this study was to assess the association between nursing
cost per ICU bed and patient outcomes (mortality, readmission, and
length of stay) in the ICU.

Methods
Patients and setting

This was a retrospective cohort study using data for the intensive
care units of 17 Belgian hospitals from January 01 to December 31,
2018. These 17 hospitals represent 18.84% of hospital stays in Belgium.
Hospitals were dichotomized using the median annual nursing cost
adjusted per ICU bed. Eight hospitals in the low-cost nursing group and 9
hospitals in the high-cost nursing group were compared. A total of 3,173
patients were excluded from the analysis because their files were not
closed by the hospital, including 757 paediatric patients (<15 years),
1,561 that were designated as incomplete stays by hospital coding
teams, and 855 patients who were still hospitalized on December 31,
2018. A total of 18,235 ICU stays were included in the study with 5,664
patients in the low-cost nursing group and 12,571 in the high-cost
group.
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Context of the study in Belgium

In Belgium, the legal nurse to patient ratio in the ICU is 1:3 with wide
heterogeneity between hospitals (Bruyneel et al., 2019; Van den Heede
et al., 2019). This ratio is one of the highest in Europe and does not
correspond to recommendations on this subject (Bray et al., 2010;
Chamberlain et al., 2018; Greaves et al., 2018; Reis Miranda et al.,
2007). On the other hand, the country’s ICU nurses are mainly
specialized (around 75%), only 6% are non-bachelor level nurses with
an average age of 37 years (£10.3), and an average duration of expe-
rience of 13.9 (£10.5) years (Bruyneel et al., 2021). Logistics assistants,
physiotherapists, and care assistants are present in a majority of the
ICUs, but only during the morning shift, and ICU nurses generally work
in three shifts. ICUs in Belgium are mostly closed, mixed units (surgical
and medical), non-sectoral, with no differences in care level, and general
intermediate care (except stroke units and coronary units) does not exist
(Marshall et al., 2017). In the general wards, the nurse to patient ratio is
1:9.4 on average and 63% of the nurses have a bachelor degree (Van den
Heede et al., 2019).

Concerning the training level of the nurses in the study, nurses had
one of two levels of training (bachelor’s degree or no bachelor’s degree),
as well as a specialisation which takes place after completion of the
bachelor’s degree with an additional year that includes training in
intensive and emergency care.

Hospital funding is 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 (DRG), and the
remainder of the funding comes from medical acts (39.8%), pharma-
ceutical 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 and is adjusted ac-
cording to the nursing activity Minimum Hospital Dataset (Pirson et al.,
2013). Academic hospitals have additional funding to compensate for
research and teaching.

Data collection

All data for the study came from a hospital cost analysis project
PACHA conducted by the research centre “Health Economics, Hospital
Management and Nursing Research” the School of Public Health at the
Université Libre de Bruxelles in Belgium (Pirson and Leclercq, 2014).

The outcome variables from the minimum hospital discharge sum-
mary data included mortality, ICU readmission, and length of stay
(LOS). Mortality and ICU readmission were binary variables that
distinguished the stays of who died in the ICU from those who did not,
and from stays discharged alive and readmitted to the ICU during the
same hospitalisation. To dichotomize LOS, long stays (high outliers)
were used. To calculate high LOS outliers, no consensus has been found
in the literature (Cots et al., 2003) (Freitas et al., 2012). We therefore
dichotomized LOS, long stays (high outliers) using the formula (75th
percentile + 1.5 * inter-quartile range) that was previously used by
Pirson et al. (Pirson et al., 2006).

The main diagnostic and sociodemographic data (e.g., age, sex,
mortality) were obtained via minimum hospital discharge summaries.
The Charlson score was also calculated through the minimum hospital
discharge summary data system with International Classification of
Diseases-10. With advances in the effectiveness of treatment and disease
management, the contribution of chronic comorbid diseases (e.g., dia-
betes or cancer) as well as sex and age found within the Charlson co-
morbidity index to mortality is likely to have changed since
development of the index in 1984 (Charlson et al., 1987). The authors
revaluated the Charlson index and reassigned weights to each condition
by identifying and following patients to observe mortality within one
year after hospital discharge. The updated index and weights to hospital
discharge data from six countries were applied and tested for their
ability to predict in-hospital mortality (Quan et al., 2011). This score
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showed good agreement and predicted 30-day and one-year mortality in
ICU patients (Christensen et al., 2011; Stavem et al., 2017). Medical
procedures (e.g., mechanical ventilation and duration, extra-corporeal
membrane oxygenation (ECMO), continuous hemofiltration) were ob-
tained through invoicing. The occupancy rate was obtained via the
number of stays and LOS in minutes adapted to the number of ICU beds
for a year. The number of full-time equivalents (FTEs) was obtained
from the accounting data of the hospitals. The nursing costs for the
hospital were obtained via the cost accounting of the hospital.

Statistical analysis

Statistical analyses were performed using the statistical software
STATA® version 14. A p-value <0.05 was considered statistically sig-
nificant. Means and standard deviations (SD) are used to describe
symmetric variables and medians and interquartile ranges (IQR) are
used to describe asymmetric variables. To describe the difference be-
tween the low-cost nursing group and the high-cost nursing group, we
used the Mann-Whitney (U) and Kruskal-Wallis (H) tests for compari-
sons of asymmetric variables. For symmetric variables, Student’s T (t)
test and the Chi-square test (y%) were used for proportion comparisons.

Univariate and multivariate logistic linear regression models were
performed in order to test the association between the different inde-
pendent variables and each of the stay outcomes. Odds ratios (OR) or
odds ratio adjusted (ORa) and 95% confidence intervals (95% CI) are
used to describe the results. To correct for important clinical differences
between the nursing cost groups that may confound the association
between the cohort and stay outcomes, the logistic regression model was
expanded with adjustment for important patient characteristics and
selected in the univariate analysis (e.g., Charlson score, geriatric cases
(>75 years), age, sex, academic hospital, ventilated patients, mechani-
cal ventilation time, patients with continuous hemofiltration, patients
with ECMO, patients with intracranial pressure measurement, and main
diagnosis). For mortality, an adjustment for readmission and length of
stay was made. The analysis of the variables influencing the stay out-
comes was conducted step-by-step to determine which variables had
independent effects.

Ethical considerations

The inpatient records used in the retrospective study were fully
anonymised by the hospitals and the research team did not have any
access to medical files. In addition, the hospitals were also anonymised
before analysis.

Results
Descriptions of hospitals

Seventeen hospitals were included in the study, 8 in the low-cost
nursing group and 9 in the high-cost nursing group. All academic hos-
pitals were in the high-cost nursing group but the number of beds per
ICU (16 [14-24]) and the occupancy rate (76% [69-86]) were very
similar between the groups. Conversely, the nursing cost per ICU bed
was different in the two groups, with a median cost of 159,387€
[140,307 - 166,690] for the low nursing cost group and 214,032€
[198,094 — 230,058] for the high-cost nursing group (p = 0.0005) and
179,838¢€ [161,605-214,032] for both groups. The nursing cost per ICU
day was not significantly different between the two groups at €748
[685-911]. The annual cost of an FTE nurse also varied significantly
between the two groups, with a lower cost for the low-cost group
(€72,507 [68,993-75,111] vs. €77,352 [76,113-81,172], p = 0.009)
and a lower number of FTEs per ICU bed (2.17 [1.98-2.33] vs. 2.80
[2.6-2.9], p = 0.0011) (Table 1).
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Table 1
Description of hospitals and nursing costs for a year.
Characteristics Low nursing  High Test p- Total (n =
cost nursing cost  value value 18235)
hospitals (n hospitals (n
= 5664) =12571)

Number of 8 9 17
hospitals, n

Academic 0 3 3
hospital, n

Number of 124 208 379
beds, n

Number of 15.5 20 [15-31] 16 [14-24]
beds by [11-19]
hospital,
median
[IQR]

Occupancy 74 [69-82] 82 [76-86] U= 0.8276 76 [69-83]
rate, median 0.04
[IQR]

Cost of nursing 159 387 214 032 = 0.0005 179 838
by bed ICU [140 [198 12.00 [161
€, median 307-166 094-230 605-214
[IQR] 690] 058] 032]

Nursing cost 3561 [2 3413 [3 U= 0.8474 3440 [3
per stay €, 854-3 741] 204-3 679] 0.03 240-3 740]
median
[IQR]

Nursing cost 671 838 U= 0.0053 748
per day €, [637-739] [784-1073] 2.80 [685-911]
median
[IQR]

Cost FTE nurse 72 507 [68 77 352 [76 U= 0.009 75 593 [70
€, median 993-75 113-81 6.75 641-77
[IQR] 111] 172] 352]

FTE nurse per 2.17 2.80 U= 0.0011 2.50
ICU bed [1.98-2.33] [2.60-2.90] 10.70 [2.10-2.80]

Legend: ICU = Intensive care Unit; IQR: Interquartile range; FTE: Full time
equivalent.
* pvalue: The Wilcoxon Ranksum test for non-parametric test (U).

Sociodemographic characteristics

Sociodemographic characteristics for the ICU patient stays included
in the study are shown in Table 2. Mean (£SD) age (64.7 + 16.4 vs 62.4
+ 17.4, p < 0.0001) and proportion of geriatric patients (27.9% vs
23.5%, p < 0.0001) were higher for the low-cost nursing group. The
proportion of men was not significantly different between the two
groups with a proportion of 58.5% for both groups. The median [IQR]
Charlson score of 4.4 [2.3-7.4] was identical in the two groups. The
proportion of ventilated patients was higher in the high-cost nursing
group (33.9% vs 22.6%, p < 0.0001 and 30.4% for both groups) and, on
the other hand, the duration of mechanical ventilation was significantly
lower in this group (3 [2-7] vs 5 [2-10] days, p = 0.0001). The most
important main diagnosis was cardiogenic shock/cardiac decompensa-
tion (20.5%) for the low-cost nursing group and coma/convulsion
(18.2%) for the high-cost nursing group.

LOS in the ICU was significantly higher in the low-cost nursing group
as were high outliers (14.4% vs 9.2%, p = <0.0001 and 10.8% for two
groups) and only 262 stays (1.4%) had an LOS of more than 30 days. In
contrast, the proportion of ICU readmissions was higher in the high-cost
nursing group (4.9% vs 6.8%, p < 0.0001). Mortality was lower in the
high-cost nursing group compared to the low-cost group in terms of ICU
mortality (9.9% vs 11.3%, p = 0.004) and in-hospital mortality (13.1%
vs 14.6%, p = 0.007) (Table 2).

Risk factors by stay outcomes

In the univariate analysis, all factors studied (ventilated patients,
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Table 2
Sociodemographic and medical characteristics of the included ICU stays.
Characteristics Low nursing cost hospitals per ICU bed High nursing cost hospitals per ICUbed (n  Test value p value* Total (n =
(n = 5664) =12571) 18235)
Age, years, mean (£+SD) 64.7 + 16.4 62.4 +17.4 t=8.22 < 63.1 +16.8
0.0001
Geriatrics cases (>75 years), n (%) 1486 (27.9) 2900 (23.5) ¥=3832 < 4386 (24.8)
0.0001
Men, n (%) 3154 (55.7) 7509 (59.7) )(2 =26.34 < 10,663 (58.5)
0.0001
Charlson score, median (IQR) 4.5 [2.3-7.4] 4.4 [2.2-7.3] U=0.29 0.588 4.4 [2.3-7.4]
Ventilated patients, n (%) 1280 (22.6) 4272 (33.9) X2 = < 5552 (30.4)
254.28 0.0001
Mechanical ventilation time in days, 5 [2-10] 3 [2-7] U=27.13 0.0001 4 [2-8]
median (IQR)
Measurement of intracranial pressure, n 37 (0.6) 160 (1.2) Xz =14.02 < 197 (1.0)
(%) 0.0001
ECMO, n (%) 16 (0.3) 77 (0.6) X2 =8.38 0.004 93 (0.5)
Continuous hemofiltration, n (%) 222 (3.9) 531 (4.2) X2 =091 0.339 753 (4.1)
ICU LOS in days, median (IQR) 2.5[1.1-4.9] 1.7 [0.8-3.7] U= 0.0001 1.8 [0.8-3.7]
426.62
High outliers LOS ICU, n (%) 818 (14.4) 1155 (9.2) = < 1973 (10.8)
111.71 0.0001
Hospital LOS in days, median (IQR) 9.5 [4.6-18.2] 9.3 [4.8-17.0] U=0.72 0.3950 9.3 [4.8-17.6]
Readmission ICU, n (%) 279 (4.9) 857 (6.8) X2 =23.91 < 1136 (6.2)
0.0001
ICU mortality, n (%) 640 (11.3) 1242 (9.9) Xz = 8.50 0.004 1882 (10.3)
Hospital mortality, n (%) 830 (14.6) 1655 (13.1) Xz =7.35 0.007 2432 (13.3)
Main diagnosis, n (%) v = <
230.92 0.0001
Sepsis/sepsis shock 410 (7.2) 913 (7.2) 1323 (7.3)
Cardiogenic shock/ cardiac 1161 (20.5) 1877 (14.9) 3038 (16.7)
decompensation
Decompensation of chronic respiratory 366 (6.4) 625 (5.0) 991 (5.4)
failure
Coma/convulsion 805 (14.2) 2283 (18.2) 3088 (16.9)
Intoxication 183 (3.2) 291 (2.3) 474 (2.6)
Heart surgery 524 (9.3) 1784 (16.9) 2651 (14.6)
Digestive surgery 929 (16.4) 1987 (15.7) 2916 (16.0)
Post-operative monitoring 1061 (18.8) 2049 (16.3) 3110 (17.0)
Other 225 (4.0) 419 (3.5) 644 (3.5)

Legend: SD = standard deviation; ICU = Intensive care Unit; LOS: Length of stay; ECMO = Extracorporeal membrane oxygenation; IQR: Interquartile range; high
outliers = with formula: 75th percentile + 1.5 * inter-quartile range.
* p-value: T test for parametric variable (t), the Wilcoxon Ranksum test for non-parametric test (U) and chi-square for categorical variables (Xz).

Table 3

Univariate analysis of risk factors by patient outcomes - OR (95%CI).

Variables

ICU mortality

ICU Readmission

High LOS outliers

Hospital mortality

Age

Geriatrics cases (>75 years)

Sex, men = reference

High LOS outliers

Charlson score

ICU readmission

Academic hospital

Ventilated patients

Mechanical ventilation time

Patients with intracranial pressure measurement
Patients with ECMO

Patients with continuous hemofiltration
ICU mortality

Hospital mortality

Main diagnosis

Coma/convulsion

Cardiogenic shock/ cardiac decompensation
Post-operative monitoring

Decompensation of chronic respiratory failure
Digestive surgery

Heart surgery

Intoxication

Sepsis/sepsis shock

Other

1.03 (1.02-1.03)***
1.97 (1.78-2.18)***
0.98 (0.89-1.08)
3.49 (3.10-3.92)***
1.07 (1.06-1.08)***
2.13 (1.82-2.49)***
0.91 (0.82-1.01)
9.35 (8.37-10.46)***
1.02 (1.01-1.03)
4.05 (3.33-6.07)
13.52 (8.90-20.54)***
10.02 (8.60-11.67)***

Ref

1.06 (0.89-1.26)
1.13 (0.95-1.31)
2.34 (1.91-2.86)***
1.05 (0.88-1.25)
0.75 (0.62-0.92)**
0.35 (0.21-0.59)%**
2.89 (2.42-3.46)***
0.85 (0.62-1.16)

1.00 (1.00-1.01)***
1.07 (1.04-1.10)*
0.86 (0.76-0.98)*
6.14 (5.38-6.99)***
1.07 (1.06-1.08)***
1.64 (1.45-1.85)***
3.08 (2.72-3.47)*
1.02 (1.01-1.03)*
2.53 (1.69-3.79)***
1.82(0.94-3.51)
4.56 (3.79-5.49)***
2.13 (1.82-2.49)***
2.57 (2.24-2.95)***

Ref

0.71 (0.55-0.91)**
1.55 (1.25-1.92)***
1.06 (0.76-1.41)
1.62 (1.31-2.01)***
1.89 (1.53-2.34)***
0.33 (0.16-0.68)**
1.68 (1.25-2.18)***
0.92 (0.61-1.37)

1.01 (1.00-1.01)***
1.19 (1.07-1.35)*
0.76 (0.69-0.84)***
1.04 (1.03-1.05)***
6.14 (5.38-6.99
0.62 (0.55-0.69)*
8.41 (7.56-9.36)***
1.50 (1.41-1.54)*
10.74 (8.08-14.29)***
8.60 (5.71-12.95)***
8.85 (7.60-10.30)***
3.49 (3.10-3.92)***
3.85 (3.45-4.28)***

Ref

0.62 (0.50-0.75)***
1.57 (0.78-2.01)
2.79 (2.28-3.41)%**
1.10 (0.92-1.32)
1.94 (1.64-2.29)***
0.55 (0.35-0.86)***
2.21 (1.82-2.68)***
0.78 (0.55-1.09)

1.04 (1.03-1.04)***
2.51 (2.30-2.74)***
1.00 (0.92-1.09)

3.85 (3.45-4.28)***
1.10 (1.09-1.10)***
2.57 (2.24-2.95)***
0.93 (0.85-1.02)

6.62 (5.72-6.86)***
1.03 (1.02-1.04)***
4.39 (3.26-5.80)
11.78 (7.69-18.06)
8.31 (7.15-9.68)***

Ref

1.01 (0.87-1.18)
0.89 (0.68-1.42)
2.50 (2.09-2.99)***
1.06 (0.90-1.23)
0.71 (0.60-0.85)**
0.32 (0.20-0.52)***
2.91 (2.48-3.43)***
0.89 (0.68-1.15)

Legend: * p-value <0.05. ** p-value <0.01. *** p-value <0.001; ref = reference; ICU = Intensive care Unit; LOS: Length of stay; ECMO = Extracorporeal membrane
oxygenation; outliers = reference with the median; high outliers LOS = with formula: 75th percentile + 1.5 * inter-quartile range.



A. Bruyneel et al.

patients with ECMO and continuous hemofiltration) were associated
with increased ICU risk, hospital mortality, and high LOS outlier. All
factors, such as high LOS outliers (OR = 6.14, 95% CI: 5.38-6.99, p <
0.0001) also influenced ICU readmission, with the exception of sex. For
high outliers of LOS, all factors also influenced this outcome except fe-
male sex (OR = 0.76, 95% CI: 0.69-0.84, p < 0.0001) and academic
hospital (OR = 0.62, 95% CI: 0.55-0.69, p < 0.0001). For the main
diagnoses, decompensation of chronic respiratory failure and sepsis
were associated with mortality in the ICU and in the hospital. Sepsis and
cardiac surgery were associated with higher ICU readmission (Table 3).

In multivariate analysis (Fig. 1), the risks of ICU mortality (ORa =
0.80, 95% CI: 0.69-0.92, p < 0.0001) and hospital mortality (ORa =
0.82, 95% CI: 0.72-0.93, p < 0.0001) were lower in the high nursing
cost group. Similarly, the risk of high outlier of LOS (ORa = 0.48, 95%
CIL: 0.42-0.55, p < 0.0001) was lower in the high nursing cost group.
However, no significant effect was observed for ICU readmission (ORa
= 1.24, 95% CI: 0.97-1.51, p > 0.005) (Fig. 1).

Discussion

In this study, the demographics, with age of 63.1 + 16.8, LOS (2 days
[1-4]), and a mortality rate of 10.3% in the ICU are similar to previous
studies in Belgium (Bruyneel et al., 2019; Mertens et al., 2013). The rates
of mortality and LOS are also very comparable to other European studies
(Vincent et al., 2018). The overall ICU readmission rate (6.2%) is lower
than that previously reported in the literature of approximately 10% in
the same hospitalisation (Azevedo et al., 2021; Rojas et al., 2018).
However, there is significant variability in our study (4.1-9.6%), with
some hospitals certainly being more cautious in ICU discharges and
having case mixes with a lower risk of readmission.

It is not easy to compare the costs of FTE nurses (€75,593
[70,641-77,352]) in ICUs in other countries because many factors in-
fluence this number. For example, the salary of nurses varies greatly
from country to country, as do the presence and value of specialisations,
and the experience and turnover of nurses (Mastrogianni et al., 2021;
Stafseth et al., 2018; Tan et al., 2012). Belgian nursing pay is right in the
middle according to a 2019 OECD report (OECD, 2019). On the other
hand, the nurse to patient ratio is one of the highest in Europe (Depasse
et al., 1998; Reis Miranda et al., 2007). The overall annual cost of
intensive care nurses thus appears to be very similar to some European
countries (e.g., France, Italy, Germany) but lower than others (e.g.,
Switzerland, Netherlands, Norway) and the United States (Khandelwal
et al., 2016); Mastrogianni et al., 2021; Ricci de Aratjo et al., 2021). The
significant difference in the cost of FTE nurses between the two groups

Odds Ratio adjusted [95%Cl]

Hospital mortality, 0.82 [0.72-0.93]

—@— Readmission ICU, 1.24 [0.97-1.51]

High outliers LOS, 0.48 [0.42-0.55]

—&—CU Mortality, 0.80 [0.69-0.92]

0 0.5 1
Favours high cost nursing group
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means that the nurses in the high-cost nurse group are either more
experienced or/and have more specialisations.

Concerning univariate risk factors for ICU and hospital mortality, the
clinical factors observed in the study (e.g., geriatric patients, high
Charlson score, readmitted patients, ventilated patients, ECMO, and
continuous hemofiltration) are very similar to other studies (Fernandez
et al., 2010; Gayat et al., 2018; Peigh et al., 2015; Stavem et al., 2017).
On the other hand, high LOS outliers had lower mortality, so patient
discharge policy is important (Lin et al., 2017). In Belgium, there are no
criteria for ICU discharge and the decision is often taken by the medical
team alone. This result was certainly also influenced by the rather high
occupancy rate in the study despite the high number of ICU beds in
Belgium (Chrusch et al., 2009; Fergusson et al., 2020; Rhodes et al.,
2012). In addition, patients who died quickly could also have influenced
this result. For pathologies, we observed higher mortality in patients
with sepsis and chronic respiratory failure (Akkutuk et al., 2014; Kau-
konen et al., 2014; Molinari et al., 2015). For readmissions and LOS, the
same was observed and is consistent with the literature on the subject
(Azevedo et al., 2021; Rojas et al., 2018). In addition, given the asso-
ciation with geriatric patients, ethical factors may have had an impact
on this result (Curtis and Vincent, 2010; Flaatten et al., 2017). In our
study, in academic hospitals, there were significantly fewer LOS outliers,
with higher risk of ICU readmission. Patients may be discharged faster
from the ICU in this type of hospital because of the higher pressure,
which increases the risk of ICU readmission (Brown et al., 2012).

Regarding the comparison of the two groups and the outcomes,
adjusted ICU and hospital mortality were lower in the high-cost nursing
group despite a similar occupancy rate in both groups. A study
comparing better and worse nursing resources found the same type of
result in acute care hospitals (Lasater et al., 2021a). This result can be
explained either by an increase in missing care in low-cost hospitals,
which certainly have a less adequate nurse to patient ratio, or by a lower
proportion of bachelor/specialist nurses in the same group (Ball et al.,
2018; Lasater et al., 2021b). Given recent studies conducted in Belgium,
it is more likely that it is the high nurse to patient ratio in the country
and heterogeneity between hospitals that is influenced by a lower
adjusted mortality in the high-cost nursing group (Bruyneel et al., 2019).
This is most likely based on the lower median nurse FTE per ICU bed in
the low-cost nursing group (2.17 [1.98-2.33] vs 2.80 [2.6-2.9]). Given
the median FTE and occupancy rate results, one can extrapolate a ratio
of about 1:2 for the high-cost group and more like 1:3 for the low-cost
group. In addition, the significant difference in the cost of FTE nurses
between the two groups means that the nurses in the high-cost nursing
group are more experienced and/or are more specialised nurses. Finally,

Fig. 1. Adjusted odds ratio (OR) and 95% CI
from logistic regression models for each of
the outcomes of interest according to the two
different nursing cost groups. Intensive care
unit (ICU) mortality model: academic hos-
pital, age, sex, ventilated patients, mechani-
cal ventilation time, Charlson score, patients
with continuous hemofiltration, extracorpo-
real membrane oxygenation (ECMO), and
main diagnosis, patients with intracranial
pressure measurement, ICU readmission and
ICU length of stay (LOS). ICU readmission
and high LOS outliers models: academic
hospital, age, sex, ventilated patients, me-
chanical ventilation time, Charlson score,
patients with continuous hemofiltration, pa-
tients with ECMO, main diagnosis, patients
with intracranial pressure measurement, and
ICU LOS. Hospital mortality model: aca-
demic hospital, age, sex, ventilated patients,
mechanical ventilation time, Charlson score,
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Favours low cost nursing

patients with continuous hemofiltration, patients with ECMO, main diagnosis, patients with intracranial pressure measurement, ICU readmission and hospital LOS.
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there was also a lower rate of high LOS outliers in the multivariate
analysis in the high-cost nursing group in the ICU. This is probably due
to a lower rate of complications and adverse events in this group, such as
sepsis or hospital-acquired infections (Cimiotti et al., 2012; Lasater
et al., 2020; Yakusheva et al., 2019).

Adjusted ICU readmission was not significantly different between
groups in this study. Readmission to the ICU has been associated with
worse patient outcomes, such as increased hospital stays and mortality,
and increased costs (Ponzoni et al., 2017; Wong et al., 2016). The use of
readmission rate as an indicator of quality of care is highly dependent on
ICU discharge policy, the quality of post-ICU care, the occupancy rate,
and adherence to evidence-based recommendations for reducing read-
missions (Lucchini et al., 2021; Maharaj et al., 2018; Seys et al., 2018).
In addition, the median occupancy rate was not very high (76%
[69-83]), which may explain the low readmission rate. This information
is missing from this study and would help to explain exactly why there is
no difference between the two groups.

The results of this study confirm the findings of other recently pub-
lished papers in acute hospitals (Lasater et al., 2021c; Lasater et al.,
2021a; Murphy et al., 2021; Sloane et al., 2018). Furthermore, these
results should encourage policy makers and hospital managers to ur-
gently invest in ICU nurses for better patient outcomes. Economics is
often an excuse to limit nursing resources, but with the reduction of high
LOS outliers, medium-term savings are likely in ICUs (Mastrogianni
et al., 2021). Moreover, given the association between nursing cost and
quality of care, monitoring this more easily collected indicator could be
an interesting alternative for countries without continuous nursing re-
sources (e.g., staffing, skill mix, education, work environment).

Limitations and strengths

This study has certain limitations. First, the cost of nursing per ICU
bed includes several indicators (e.g., nurse to patient ratio, experience,
and the proportion of bachelor degrees). This information is not present
in the study and it is not known which indicator influenced these results.
However, previous Belgian studies have shown that the nurse to patient
ratio is rather high but that there is a high proportion of specialist
nurses. Furthermore, the difference in FTE nurses and cost per FTE be-
tween the two groups supports this hypothesis. Second, we built our
multivariate model from Minimum Hospital Dataset and billing data,
and, therefore, our results are potentially confounded without mea-
surement. Nevertheless, we already have several important factors (e.g.,
mechanical ventilation, duration of ventilation, continuous dialysis,
age) and especially the Charlson score in our adjustment model which
are associated with mortality and ICU readmission (Christensen et al.,
2011; Stavem et al., 2017). Third, the two groups were created based on
nursing costs per ICU bed and not cost per stay. This choice was made
because the Belgian legislation on the nurse to patient ratio is based on
the number of beds. Moreover, the annual occupancy rate is similar in
both groups (Chrusch et al., 2009; Fergusson et al., 2020). Finally, the
nursing cost is cross-sectional over one year, which limits our ability to
make causal inferences.

This study also has a number of strengths. First, the sample size was
large which allowed for statistical precision and external validity for
Belgium. Second, the long study period of one year allowed for the
construction of robust multivariate models. Finally, there was a signif-
icant difference in the FTE nurses between the two groups, supporting
the use of nursing cost to define the groups.

Conclusion

This study found that ICU and in-hospital mortality risk and the
proportion of high LOS outliers were lower in the high-cost ICU nursing
group. These results demonstrate the importance of investing in nurses
to improve the quality of care and decrease the proportion of long ICU
stays and mortality.

Intensive & Critical Care Nursing xxx (xxxx) xxx
Funding

None.

Ethical approval

None.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgement

The authors acknowledge the contribution of a medical writer, Sandy
Field, PhD, to the preparation of this manuscript and SIZ Nursing, A
Society of Intensive Care Nurses, Belgium.

References

Adams, A.M.N., Chamberlain, D., Giles, T.M., 2019. The perceived and experienced role
of the nurse unit manager in supporting the wellbeing of intensive care unit nurses:
An integrative literature review. Aust. Crit. Care 32, 319-329. https://doi.org/
10.1016/j.aucc.2018.06.003.

Adibelli, D., Turan, G.S., Cinar, H., 2017. A new system for nursing specialisation: the
thoughts and opinions of nurses. J. Res. Nurs. 22, 354-369. https://doi.org/
10.1177/1744987117706723.

Aiken, L.H., Simonetti, M., Sloane, D.M., Cerén, C., Soto, P., Bravo, D., Galiano, A.,
Behrman, J.R., Smith, H.L., McHugh, M.D., Lake, E.T., 2021. Hospital nurse staffing
and patient outcomes in Chile: a multilevel cross-sectional study. Lancet Glob.
Health. 9, €1145-e1153. 10.1016/52214-109X(21)00209-6.

Aiken, L.H., Sloane, D.M., Bruyneel, L., Van den Heede, K., Griffiths, P., Busse, R.,
Diomidous, M., Kinnunen, J., Kézka, M., Lesaffre, E., McHugh, M.D., Moreno-
Casbas, M.T., Rafferty, A.M., Schwendimann, R., Scott, P.A., Tishelman, C., van
Achterberg, T., Sermeus, W., 2014. Nurse staffing and education and hospital
mortality in nine European countries: a retrospective observational study. Lancet
383, 1824-1830. https://doi.org/10.1016/50140-6736(13)62631-8.

Akkutuk, E., Karakurt, Z., Salturk, C., Burunsuzoglu, B., Kargin, F., Horzum, G.,
Mocin, O., Gungor, G., Adiguzel, N., Yilmaz, A., Takir, H., 2014. How do COPD
comorbidities affect ICU outcomes? Int. J. Chron. Obstruct. Pulmon. Dis. 9,
1187-1196. https://doi.org/10.2147/COPD.S70257.

Azevedo, A.V., Tonietto, T.A., Boniatti, M.M., 2021. Nursing workload on the day of
discharge from the intensive care unit is associated with readmission. Intensive Crit.
Care Nurs. 69, 103162. https://doi.org/10.1016/j.iccn.2021.103162.

Ball, J.E., Bruyneel, L., Aiken, L.H., Sermeus, W., Sloane, D.M., Rafferty, A.M.,
Lindgqvist, R., Tishelman, C., Griffiths, P., 2018. Post-operative mortality, missed care
and nurse staffing in nine countries: A cross-sectional study. Int. J. Nurs. Stud. 78,
10-15. https://doi.org/10.1016/j.ijnurstu.2017.08.004.

Bittner, M.-I., Donnelly, M., van Zanten, A.R., Andersen, J., Guidet, B., Trujillano
Cabello, J., Gardiner, S., Fitzpatrick, G., Winter, B., Joannidis, M., Schmutz, A.,
2013. How is intensive care reimbursed? A review of eight European countries. Ann.
Intensive Care 3, 37. https://doi.org/10.1186,/2110-5820-3-37.

Bray, K., Wren, 1., Baldwin, A., St Ledger, U., Gibson, V., Goodman, S., Walsh, D., 2010.
Standards for nurse staffing in critical care units determined by: The British
Association of Critical Care Nurses, The Critical Care Networks National Nurse
Leads, Royal College of Nursing Critical Care and In-flight Forum. Nurs. Crit. Care
15, 109-111. https://doi.org/10.1111/j.1478-5153.2010.00392.x.

Brown, S.E.S., Ratcliffe, S.J., Kahn, J.M., Halpern, S.D., 2012. The epidemiology of
intensive care unit readmissions in the United States. Am. J. Respir. Crit. Care Med.
185, 955-964. https://doi.org/10.1164/rccm.201109-17200C.

Bruyneel, A., Smith, P., Tack, J., Pirson, M., 2021. Prevalence of burnout risk and factors
associated with burnout risk among ICU nurses during the COVID-19 outbreak in
French speaking Belgium. Intensive Crit. Care Nurs. 65, 103059. https://doi.org/
10.1016/j.iccn.2021.103059.

Bruyneel, A., Tack, J., Droguet, M., Maes, J., Wittebole, X., Miranda, D.R.,
Pierdomenico, L.D., 2019. Measuring the nursing workload in intensive care with the
Nursing Activities Score (NAS): A prospective study in 16 hospitals in Belgium.

J. Crit. Care 54, 205-211. https://doi.org/10.1016/j.jcrc.2019.08.032.

Chamberlain, D., Pollock, W., Fulbrook, P., 2018. ACCCN Workforce Standards for
Intensive Care Nursing: Systematic and evidence review, development, and
appraisal. Aust. Crit. Care 31, 292-302. https://doi.org/10.1016/j.
aucc.2017.08.007.

Charlson, M.E., Pompei, P., Ales, K.L., MacKenzie, C.R., 1987. A new method of
classifying prognostic comorbidity in longitudinal studies: Development and
validation. J. Chron. Dis. 40, 373-383. https://doi.org/10.1016,/0021-9681(87)
90171-8.


https://doi.org/10.1016/j.aucc.2018.06.003
https://doi.org/10.1016/j.aucc.2018.06.003
https://doi.org/10.1177/1744987117706723
https://doi.org/10.1177/1744987117706723
https://doi.org/10.1016/S0140-6736(13)62631-8
https://doi.org/10.2147/COPD.S70257
https://doi.org/10.1016/j.iccn.2021.103162
https://doi.org/10.1016/j.ijnurstu.2017.08.004
https://doi.org/10.1186/2110-5820-3-37
https://doi.org/10.1111/j.1478-5153.2010.00392.x
https://doi.org/10.1164/rccm.201109-1720OC
https://doi.org/10.1016/j.iccn.2021.103059
https://doi.org/10.1016/j.iccn.2021.103059
https://doi.org/10.1016/j.jcrc.2019.08.032
https://doi.org/10.1016/j.aucc.2017.08.007
https://doi.org/10.1016/j.aucc.2017.08.007
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1016/0021-9681(87)90171-8

A. Bruyneel et al.

Christensen, S., Johansen, M., Christiansen, C.F., Jensen, R., Lemeshow, S., 2011.
Comparison of Charlson comorbidity index with SAPS and APACHE scores for
prediction of mortality following intensive care. Clin. Epidemiol. 3, 203-211.
https://doi.org/10.2147/CLEP.S20247.

Christensen, M., Hewitt-Taylor, J., 2006. Defining the expert ICU nurse. Intensive Crit.
Care Nurs. 22, 301-307. https://doi.org/10.1016/j.iccn.2005.07.003.

Chrusch, C.A., Olafson, K.P., McMillan, P.M., Roberts, D.E., Gray, P.R., 2009. High
occupancy increases the risk of early death or readmission after transfer from
intensive care*. Crit. Care Med. 37, 2753-2758. https://doi.org/10.1097/
CCM.0b013e3181a57b0c.

Cimiotti, J.P., Aiken, L.H., Sloane, D.M., Wu, E.S., 2012. Nurse staffing, burnout, and
health care-associated infection. Am. J. Infect. Control. 40, 486-490. https://doi.
org/10.1016/j.ajic.2012.02.029.

Cots, F., Elvira, D., Castells, X., Saez, M., 2003. Relevance of outlier cases in case mix
systems and evaluation of trimming methods. Health Care Manag. Sci. 6, 27-35.
https://doi.org/10.1023/a:1021908220013.

Curtis, J.R., Vincent, J.-L., 2010. Ethics and end-of-life care for adults in the intensive
care unit. Lancet 376, 1347-1353. https://doi.org/10.1016/50140-6736(10)60143-
2.

Depasse, B., Pauwels, D., Somers, Y., Vincent, J.-L., 1998. A profile of European ICU
nursing. Intensive Care Med. 24, 939-945. https://doi.org/10.1007/
s001340050693.

Driscoll, A., Grant, M.J., Carroll, D., Dalton, S., Deaton, C., Jones, I., Lehwaldt, D.,
McKee, G., Munyombwe, T., Astin, F., 2018. The effect of nurse-to-patient ratios on
nurse-sensitive patient outcomes in acute specialist units: a systematic review and
meta-analysis. Eur. J. Cardiovasc. Nurs. 17, 6-22. https://doi.org/10.1177/
1474515117721561.

Durant, G., Leclercq, P., Pirson, M., 2021. Le financement des hopitaux et de I’activité
médicale: panorama international et principes méthodologiques. Collection Santé et
société, Mardaga supérieur, Bruxelles.

Dury, C., Hall, C., Danan, J.-L., Mondoux, J., Aguiar Barbieri-Figueiredo, M.C., Costa, M.
A.M., Debout, C., 2014. Specialist nurse in Europe: education, regulation and role:
Specialist nurse in Europe. Int. Nurs. Rev. 61, 454-462. https://doi.org/10.1111/
inr.12123.

Falk, A.-C., Wallin, E.-M., 2016. Quality of patient care in the critical care unit in relation
to nurse patient ratio: A descriptive study. Intensive Crit. Care Nurs. 35, 74-79.
https://doi.org/10.1016/j.iccn.2016.01.002.

Fasolino, T., Snyder, R., 2012. Linking nurse characteristics, team member effectiveness,
practice environment, and medication error incidence. J. Nurs. Care Qual. 27,
E9-E16. https://doi.org/10.1097/NCQ.0b013e318241dal7.

Fergusson, N.A., Ahkioon, S., Nagarajan, M., Park, E., Ding, Y., Ayas, N., Dhingra, V.K.,
Chittock, D.R., Griesdale, D.E.G., 2020. Association of intensive care unit occupancy
during admission and inpatient mortality: a retrospective cohort study. Can. J.
Anesth. 67, 213-224. https://doi.org/10.1007/s12630-019-01476-8.

Fernandez, R., Serrano, J.M., Umaran, 1., Abizanda, R., Carrillo, A., Lopez-Pueyo, M.J.,
Rascado, P., Balerdi, B., Suberviola, B., Hernandez, G., 2010. Ward mortality after
ICU discharge: a multicenter validation of the Sabadell score. Intensive Care Med.
36, 1196-1201. https://doi.org/10.1007/s00134-010-1825-5.

Flaatten, H., de Lange, D.W., Artigas, A., Bin, D., Moreno, R., Christensen, S., Joynt, G.
M., Bagshaw, S.M., Sprung, C.L., Benoit, D., Soares, M., Guidet, B., 2017. The status
of intensive care medicine research and a future agenda for very old patients in the
ICU. Intensive Care Med. 43, 1319-1328. https://doi.org/10.1007/s00134-017-
4718-z.

Freitas, A., Silva-Costa, T., Lopes, F., Garcia-Lema, 1., Teixeira-Pinto, A., Brazdil, P.,
Costa-Pereira, A., 2012. Factors influencing hospital high length of stay outliers.
BMC Health Serv. Res. 12, 265. https://doi.org/10.1186/1472-6963-12-265.

Gayat, E., Cariou, A., Deye, N., Vieillard-Baron, A., Jaber, S., Damoisel, C., Lu, Q.,
Monnet, X., Rennuit, I., Azoulay, E., Léone, M., Oueslati, H., Guidet, B.,

Friedman, D., Tesniére, A., Sonneville, R., Montravers, P., Pili-Floury, S., Lefrant, J.-
Y., Duranteau, J., Laterre, P.-F., Brechot, N., Chevreul, K., Michel, M., Cholley, B.,

Legrand, M., Launay, J.-M., Vicaut, E., Singer, M., Resche-Rigon, M., Mebazaa, A.,

2018. Determinants of long-term outcome in ICU survivors: results from the FROG-
ICU study. Crit. Care 22, 8. https://doi.org/10.1186/513054-017-1922-8.

Greaves, J., Goodall, D., Berry, A., Shrestha, S., Richardson, A., Pearson, P., 2018.
Nursing workloads and activity in critical care: A review of the evidence. Intensive
Crit. Care Nurs. 48, 10-20. https://doi.org/10.1016/j.iccn.2018.06.002.

Haegdorens, F., Van Bogaert, P., De Meester, K., Monsieurs, K.G., 2019. The impact of
nurse staffing levels and nurse’s education on patient mortality in medical and
surgical wards: an observational multicentre study. BMC Health Serv. Res. 19, 864.
https://doi.org/10.1186/s12913-019-4688-7.

Halpern, N.A., Pastores, S.M., 2010. Critical care medicine in the United States
2000-2005: An analysis of bed numbers, occupancy rates, payer mix, and costs*.
Crit. Care Med. 38, 65-71. https://doi.org/10.1097/CCM.0b013e3181b090d0.

Kaukonen, K.-M., Bailey, M., Suzuki, S., Pilcher, D., Bellomo, R., 2014. Mortality related
to severe sepsis and septic shock among critically ill patients in Australia and New
Zealand, 2000-2012. JAMA. 311, 1308-1316. https://doi.org/10.1001/
jama.2014.2637.

Khandelwal, N., Benkeser, D., Coe, N.B., Engelberg, R.A., Curtis, J.R., 2016. Economic
feasibility of staffing the intensive care unit with a communication facilitator. Ann.
Am. Thorac. Soc. 13, 2190-2196. https://doi.org/10.1513/AnnalsATS.201606-
4490C.

Kilic, M., Yuzkat, N., Soyalp, C., Gulhas, N., 2019. Cost analysis on intensive care unit
costs based on the length of stay. Turk. J. Anaesthesiol. Reanim. 47, 142-145.
https://doi.org/10.5152/TJAR.2019.80445.

Intensive & Critical Care Nursing xxx (xxxx) xxx

Lake, E.T., Riman, K.A,, Lee, C., 2022. The association between hospital nursing resource
profiles and nurse and patient outcomes. J. Nurs. Manag. Online ahead of print.
10.1111/jonm.13553.

Lasater, K.B., McHugh, M.D., Rosenbaum, P.R., Aiken, L.H., Smith, H.L., Reiter, J.G.,
Niknam, B.A., Hill, A.S., Hochman, L.L., Jain, S., Silber, J.H., 2021a. Evaluating the
costs and outcomes of hospital nursing resources: a matched cohort study of patients
with common medical conditions. J. Gen. Intern. Med. 36, 84-91. https://doi.org/
10.1007/5s11606-020-06151-z.

Lasater, K.B., Sloane, D.M., McHugh, M.D., Porat-Dahlerbruch, J., Aiken, L.H., 2021b.
Changes in proportion of bachelor’s nurses associated with improvements in patient
outcomes. Res. Nurs. Health. 44, 787-795. https://doi.org/10.1002/nur.22163.

Lasater, K.B., McHugh, M., Rosenbaum, P.R., Aiken, L.H., Smith, H., Reiter, J.G.,
Niknam, B.A., Hill, A.S., Hochman, L.L., Jain, S., Silber, J.H., 2021c. Valuing hospital
investments in nursing: multistate matched-cohort study of surgical patients. BMJ
Qual. Saf. 30, 46-55. https://doi.org/10.1136/bmjqs-2019-010534.

Lasater, K.B., Sloane, D.M., McHugh, M.D., Cimiotti, J.P., Riman, K.A., Martin, B.,
Alexander, M., Aiken, L.H., 2020. Evaluation of hospital nurse-to-patient staffing
ratios and sepsis bundles on patient outcomes. Am. J. Infect. Control. 49, 868-874.
https://doi.org/10.1016/j.ajic.2020.12.002.

Lee, S.E., Vincent, C., Dahinten, V.S., Scott, L.D., Park, C.G., Dunn Lopez, K., 2018.
Effects of individual nurse and hospital characteristics on patient adverse events and
quality of care: A multilevel analysis: patient safety quality of care. J. Nurs.
Scholarsh. 50, 432-440. https://doi.org/10.1111/jnu.12396.

Lin, W., Halpern, S.D., Prasad Kerlin, M., Small, D.S., 2017. A “placement of death”
approach for studies of treatment effects on ICU length of stay. Stat. Methods Med.
Res. 26, 292-311. https://doi.org/10.1177/0962280214545121.

Lucchini, A., Bambi, S., Bruyneel, A., 2021. Redefining “Critical care”: From where
intensive care unit beds are located to patients’ status. Intensive Crit. Care Nurs. 69,
103188. https://doi.org/10.1016/j.iccn.2021.103188.

Mabharaj, R., Terblanche, M., Vlachos, S., 2018. The utility of ICU readmission as a
quality indicator and the effect of selection*. Crit. Care Med. 46, 749-756. https://
doi.org/10.1097/CCM.0000000000003002.

Marshall, J.C., Bosco, L., Adhikari, N.K., Connolly, B., Diaz, J.V., Dorman, T., Fowler, R.
A., Meyfroidt, G., Nakagawa, S., Pelosi, P., Vincent, J.-L., Vollman, K.,
Zimmerman, J., 2017. What is an intensive care unit? A report of the task force of the
World Federation of Societies of Intensive and Critical Care Medicine. J. Crit. Care
37, 270-276. https://doi.org/10.1016/j.jcrc.2016.07.015.

Mastrogianni, M., Galanis, P., Kaitelidou, D., Konstantinou, E., Fildissis, G., Katsoulas, T.,
2021. Factors affecting adult intensive care units costs by using the bottom-up and
top-down costing methodology in OECD countries: A systematic review. Intensive
Crit. Care Nurs. 66, 103080. https://doi.org/10.1016/j.iccn.2021.103080.

McHugh, M.D., Aiken, L.H., Sloane, D.M., Windsor, C., Douglas, C., Yates, P., 2021.
Effects of nurse-to-patient ratio legislation on nurse staffing and patient mortality,
readmissions, and length of stay: a prospective study in a panel of hospitals. Lancet
397, 1905-1913. https://doi.org/10.1016/50140-6736(21)00768-6.

Mertens, K., Morales, 1., Catry, B., 2013. Infections acquired in intensive care units:
results of national surveillance in Belgium, 1997-2010. J. Hosp. Infect. 84, 120-125.
https://doi.org/10.1016/j.jhin.2013.02.017.

Milhomme, D., Gagnon, J., Lechasseur, K., 2018. The clinical surveillance process as
carried out by expert nurses in a critical care context: A theoretical explanation.
Intensive Crit. Care Nurs. 44, 24-30. https://doi.org/10.1016/j.iccn.2017.07.010.

Moerer, O., Plock, E., Mgbor, U., Schmid, A., Schneider, H., Wischnewsky, M.,
Burchardi, H., 2007. A German national prevalence study on the cost of intensive
care: an evaluation from 51 intensive care units. Crit. Care 11, R69. https://doi.org/
10.1186/cc5952.

Molinari, N., Briand, C., Vachier, 1., Malafaye, N., Aubas, P., Georgescu, V., Roche, N.,
Chanez, P., Bourdin, A., 2015. Hospitalizations for COPD exacerbations: trends and
determinants of death. COPD 12, 621-627. https://doi.org/10.3109/
15412555.2015.1007931.

Murphy, A., Griffiths, P., Duffield, C., Brady, N.M., Scott, A.P., Ball, J., Drennan, J., 2021.
Estimating the economic cost of nurse sensitive adverse events amongst patients in
medical and surgical settings. J. Adv. Nurs. 77, 3379-3388. https://doi.org/
10.1111/jan.14860.

Musy, S.N., Endrich, O., Leichtle, A.B., Griffiths, P., Nakas, C.T., Simon, M., 2021. The
association between nurse staffing and inpatient mortality: A shift-level retrospective
longitudinal study. Int. J. Nurs. Stud. 120, 103950. https://doi.org/10.1016/j.
ijnurstu.2021.103950.

Needleman, J., Liu, J., Shang, J., Larson, E.L., Stone, P.W., 2020. Association of
registered nurse and nursing support staffing with inpatient hospital mortality. BMJ
Qual. Saf. 29, 10-18. https://doi.org/10.1136/bmjqs-2018-009219.

Obeidat, B., Younis, M.B., Al-Shlool, E., 2022. Investigations into the impact of nursing
unit layout on critical care nurses. Heliyon 8, e08929. https://doi.org/10.1016/j.
heliyon.2022.e08929.

OECD, 2019. Recent Trends in International Migration of Doctors, Nurses and Medical
Students. OECD. 10.1787/5571ef48-en.

Peigh, G., Cavarocchi, N., Keith, S.W., Hirose, H., 2015. Simple new risk score model for
adult cardiac extracorporeal membrane oxygenation: simple cardiac ECMO score.
J. Surg. Res. 198, 273-279. https://doi.org/10.1016/j.js5.2015.04.044.

Pirson, M., Delo, C., Di Pierdomenico, L., Laport, N., Biloque, V., Leclercq, P., 2013.
Variability of nursing care by APR-DRG and by severity of illness in a sample of nine
Belgian hospitals. BMC Nurs. 12, 26. https://doi.org/10.1186/1472-6955-12-26.

Pirson, M., Dramaix, M., Leclercq, P., Jackson, T., 2006. Analysis of cost outliers within
APR-DRGs in a Belgian general hospital: Two complementary approaches. Health
Policy 76, 13-25. https://doi.org/10.1016/]j.healthpol.2005.04.008.

Pirson, M., Leclercq, P., 2014. Un projet pilote d’évaluation des cofits par pathologie, le
projet PACHA. Healthc. Execut. 78, 12-24.


https://doi.org/10.2147/CLEP.S20247
https://doi.org/10.1016/j.iccn.2005.07.003
https://doi.org/10.1097/CCM.0b013e3181a57b0c
https://doi.org/10.1097/CCM.0b013e3181a57b0c
https://doi.org/10.1016/j.ajic.2012.02.029
https://doi.org/10.1016/j.ajic.2012.02.029
https://doi.org/10.1023/a:1021908220013
https://doi.org/10.1016/S0140-6736(10)60143-2
https://doi.org/10.1016/S0140-6736(10)60143-2
https://doi.org/10.1007/s001340050693
https://doi.org/10.1007/s001340050693
https://doi.org/10.1177/1474515117721561
https://doi.org/10.1177/1474515117721561
http://refhub.elsevier.com/S0964-3397(22)00099-4/h0115
http://refhub.elsevier.com/S0964-3397(22)00099-4/h0115
http://refhub.elsevier.com/S0964-3397(22)00099-4/h0115
https://doi.org/10.1111/inr.12123
https://doi.org/10.1111/inr.12123
https://doi.org/10.1016/j.iccn.2016.01.002
https://doi.org/10.1097/NCQ.0b013e318241da17
https://doi.org/10.1007/s12630-019-01476-8
https://doi.org/10.1007/s00134-010-1825-5
https://doi.org/10.1007/s00134-017-4718-z
https://doi.org/10.1007/s00134-017-4718-z
https://doi.org/10.1186/1472-6963-12-265
https://doi.org/10.1186/s13054-017-1922-8
https://doi.org/10.1016/j.iccn.2018.06.002
https://doi.org/10.1186/s12913-019-4688-7
https://doi.org/10.1097/CCM.0b013e3181b090d0
https://doi.org/10.1001/jama.2014.2637
https://doi.org/10.1001/jama.2014.2637
https://doi.org/10.1513/AnnalsATS.201606-449OC
https://doi.org/10.1513/AnnalsATS.201606-449OC
https://doi.org/10.5152/TJAR.2019.80445
https://doi.org/10.1007/s11606-020-06151-z
https://doi.org/10.1007/s11606-020-06151-z
https://doi.org/10.1002/nur.22163
https://doi.org/10.1136/bmjqs-2019-010534
https://doi.org/10.1016/j.ajic.2020.12.002
https://doi.org/10.1111/jnu.12396
https://doi.org/10.1177/0962280214545121
https://doi.org/10.1016/j.iccn.2021.103188
https://doi.org/10.1097/CCM.0000000000003002
https://doi.org/10.1097/CCM.0000000000003002
https://doi.org/10.1016/j.jcrc.2016.07.015
https://doi.org/10.1016/j.iccn.2021.103080
https://doi.org/10.1016/S0140-6736(21)00768-6
https://doi.org/10.1016/j.jhin.2013.02.017
https://doi.org/10.1016/j.iccn.2017.07.010
https://doi.org/10.1186/cc5952
https://doi.org/10.1186/cc5952
https://doi.org/10.3109/15412555.2015.1007931
https://doi.org/10.3109/15412555.2015.1007931
https://doi.org/10.1111/jan.14860
https://doi.org/10.1111/jan.14860
https://doi.org/10.1016/j.ijnurstu.2021.103950
https://doi.org/10.1016/j.ijnurstu.2021.103950
https://doi.org/10.1136/bmjqs-2018-009219
https://doi.org/10.1016/j.heliyon.2022.e08929
https://doi.org/10.1016/j.heliyon.2022.e08929
https://doi.org/10.1016/j.jss.2015.04.044
https://doi.org/10.1186/1472-6955-12-26
https://doi.org/10.1016/j.healthpol.2005.04.008
http://refhub.elsevier.com/S0964-3397(22)00099-4/h0310
http://refhub.elsevier.com/S0964-3397(22)00099-4/h0310

A. Bruyneel et al.

Ponzoni, C.R., Corréa, T.D., Filho, R.R., Serpa Neto, A., Assun¢ao, M.S.C., Pardini, A.,
Schettino, G.P.P., 2017. Readmission to the intensive care unit: incidence, risk
factors, resource use, and outcomes. A retrospective cohort study. Ann. Am. Thorac.
Soc. 14, 1312-1319. https://doi.org/10.1513/AnnalsATS.201611-8510C.

Quan, H., Li, B., Couris, C.M., Fushimi, K., Graham, P., Hider, P., Januel, J.-M.,
Sundararajan, V., 2011. Updating and validating the Charlson comorbidity index
and score for risk adjustment in hospital discharge abstracts using data from 6
countries. Am. J. Epidemiol. 173, 676-682. https://doi.org/10.1093/aje/kwq433.

Rae, P.J.L., Pearce, S., Greaves, P.J., Dall’Ora, C., Griffiths, P., Endacott, R., 2021.
Outcomes sensitive to critical care nurse staffing levels: A systematic review.
Intensive Crit. Care Nurs. 67, 103110. 10.1016/j.iccn.2021.103110.

Reis Miranda, D., Jegers, M., 2012. Monitoring costs in the ICU: a search for a pertinent
methodology: Monitoring costs in the ICU. Acta Anaesthesiol. Scand. 56,
1104-1113. https://doi.org/10.1111/j.1399-6576.2012.02735.x.

Reis Miranda, D., Rivera-Fernandez, R., Nap, R.E., 2007. Critical care medicine in the
hospital: lessons from the EURICUS-studies. Medicina Intensiva 31, 194-203.
https://doi.org/10.1016/50210-5691(07)74806-4.

Rhodes, A., Ferdinande, P., Flaatten, H., Guidet, B., Metnitz, P.G., Moreno, R.P., 2012.
The variability of critical care bed numbers in Europe. Intensive Care Med. 38,
1647-1653. https://doi.org/10.1007/s00134-012-2627-8.

Ricci de Aratjo, T., Papathanassoglou, E., Goncalves Menegueti, M., Grespan Bonacim,
C.A., Lessa do Valle Dallora, M.E., Carvalho Jericd, M., Basile-Filho, A., Laus, A.M.,
2021. Critical care nursing service costs: Comparison of the top-down versus bottom-
up micro-costing approach in Brazil. J. Nurs. Manag. 29, 1778-1784. 10.1111/
jonm.13313.

Rojas, J.C., Carey, K.A., Edelson, D.P., Venable, L.R., Howell, M.D., Churpek, M.M.,
2018. Predicting intensive care unit readmission with machine learning using
electronic health record data. Ann. Am. Thorac. Soc. 15, 846-853. https://doi.org/
10.1513/AnnalsATS.201710-7870C.

Seys, D., Bruyneel, L., Sermeus, W., Lodewijckx, C., Decramer, M., Deneckere, S.,
Panella, M., Vanhaecht, K., 2018. Teamwork and adherence to recommendations
explain the effect of a care pathway on reduced 30-day readmission for patients with
a COPD exacerbation. COPD 15, 157-164. https://doi.org/10.1080/
15412555.2018.1434137.

Sloane, D.M., Smith, H.L., McHugh, M.D., Aiken, L.H., 2018. Effect of changes in hospital
nursing resources on improvements in patient safety and quality of care: A panel
study. Med. Care 56, 1001-1008. https://doi.org/10.1097/
MLR.0000000000001002.

Intensive & Critical Care Nursing xxx (xxxx) xxx

Stafseth, S.K., Tgnnessen, T.I., Fagerstrom, L., 2018. Association between patient
classification systems and nurse staffing costs in intensive care units: An exploratory
study. Intensive Crit. Care Nurs. 45, 78-84. https://doi.org/10.1016/].
icen.2018.01.007.

Stavem, K., Hoel, H., Skjaker, S.A., Haagensen, R., 2017. Charlson comorbidity index
derived from chart review or administrative data: agreement and prediction of
mortality in intensive care patients. Clin. Epidemiol. 9, 311-320. https://doi.org/
10.2147/CLEP.S133624.

Tan, S.S., Bakker, J., Hoogendoorn, M.E., Kapila, A., Martin, J., Pezzi, A., Pittoni, G.,
Spronk, P.E., Welte, R., Hakkaart-van Roijen, L., 2012. Direct cost analysis of
intensive care unit stay in four European countries: applying a standardized costing
methodology. Value Health 15, 81-86. https://doi.org/10.1016/j.jval.2011.09.007.

Van den Heede, K., Bruyneel, L., Beeckmans, D., Boon, N., Bouckaert, N., Cornelis, J.,
Dossche, D., Van de Voorde, C., Sermeus, W., 2019. Safe nurse staffing levels in acute
hospitals. Health Services Research (HSR) Brussels: Belgian Health Care Knowledge
Centre (KCE). KCE Reports 325, D/2019/10.273/75.

Van den Heede, K., Lesaffre, E., Diya, L., Vleugels, A., Clarke, S.P., Aiken, L.H.,
Sermeus, W., 2009. The relationship between inpatient cardiac surgery mortality
and nurse numbers and educational level: Analysis of administrative data. Int. J.
Nurs. Stud. 46, 796-803. https://doi.org/10.1016/j.ijnurstu.2008.12.018.

Vincent, J.-L., Lefrant, J.-Y., Kotfis, K., Nanchal, R., Martin-Loeches, 1., Wittebole, X.,
Sakka, S.G., Pickkers, P., Moreno, R., Sakr, Y., ICON and SOAP investigators, SOAP
investigators, 2018. Comparison of European ICU patients in 2012 (ICON) versus
2002 (SOAP). Intensive Care Med. 44, 337-344. 10.1007/s00134-017-5043-2.

Wong, E.G., Parker, A.M., Leung, D.G., Brigham, E.P., Arbaje, A.I., 2016. Association of
severity of illness and intensive care unit readmission: A systematic review. Heart
Lung 45, 3-9.e2. https://doi.org/10.1016/j.hrtlng.2015.10.040.

Yakusheva, O., Costa, D.K., Bobay, K.L., Parada, J.P., Weiss, M.E., 2019. Variability in
catheter-associated asymptomatic bacteriuria rates among individual nurses in
intensive care units: An observational cross-sectional study. PLoS ONE 14,
€0218755. https://doi.org/10.1371/journal.pone.0218755.

Zampieri, F.G., Salluh, J.LF., Azevedo, L.C.P., Kahn, J.M., Damiani, L.P., Borges, L.P.,
Viana, W.N., Costa, R., Corréa, T.D., Araya, D.E.S., Maia, M.O., Ferez, M.A.,
Carvalho, A.G.R., Knibel, M.F., Melo, U.O., Santino, M.S., Lisboa, T., Caser, E.B.,
Besen, B.A.M.P., Bozza, F.A., Angus, D.C., Soares, M., ORCHESTRA Study
Investigators, 2019. ICU staffing feature phenotypes and their relationship with
patients’ outcomes: an unsupervised machine learning analysis. Intensive Care Med.
45, 1599-1607. https://doi.org/10.1007/500134-019-05790-z.


https://doi.org/10.1513/AnnalsATS.201611-851OC
https://doi.org/10.1093/aje/kwq433
https://doi.org/10.1111/j.1399-6576.2012.02735.x
https://doi.org/10.1016/S0210-5691(07)74806-4
https://doi.org/10.1007/s00134-012-2627-8
https://doi.org/10.1513/AnnalsATS.201710-787OC
https://doi.org/10.1513/AnnalsATS.201710-787OC
https://doi.org/10.1080/15412555.2018.1434137
https://doi.org/10.1080/15412555.2018.1434137
https://doi.org/10.1097/MLR.0000000000001002
https://doi.org/10.1097/MLR.0000000000001002
https://doi.org/10.1016/j.iccn.2018.01.007
https://doi.org/10.1016/j.iccn.2018.01.007
https://doi.org/10.2147/CLEP.S133624
https://doi.org/10.2147/CLEP.S133624
https://doi.org/10.1016/j.jval.2011.09.007
https://doi.org/10.1016/j.ijnurstu.2008.12.018
https://doi.org/10.1016/j.hrtlng.2015.10.040
https://doi.org/10.1371/journal.pone.0218755
https://doi.org/10.1007/s00134-019-05790-z

	Association between nursing cost and patient outcomes in intensive care units: A retrospective cohort study of Belgian hosp ...
	Introduction
	Methods
	Patients and setting
	Context of the study in Belgium
	Data collection
	Statistical analysis
	Ethical considerations

	Results
	Descriptions of hospitals
	Sociodemographic characteristics
	Risk factors by stay outcomes

	Discussion
	Limitations and strengths
	Conclusion
	Funding
	Ethical approval
	Declaration of Competing Interest
	Acknowledgement
	References


