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ARTICLE INFO ABSTRACT

Keywords: Purpose: To investigate the development in quality of ICU care over time using the Dutch National Intensive Care
Intensive care units Evaluation (NICE) registry.

Quality indicator Materials and methods: We included data from all ICU admissions in the Netherlands from those ICUs that sub-

Quality improvement
Trends
Cluster analysis

mitted complete data between 2009 and 2021 to the NICE registry.

We determined median and interquartile range for eight quality indicators. To evaluate changes over time on the
indicators, we performed multilevel regression analyses, once without and once with the COVID-19 years 2020
and 2021 included. Additionally we explored between-ICU heterogeneity by calculating intraclass correlation
coefficients (ICC).

Results: 705,822 ICU admissions from 55 (65%) ICUs were included in the analyses. ICU length of stay (LOS),
duration of mechanical ventilation (MV), readmissions, in-hospital mortality, hypoglycemia, and pressure ulcers
decreased significantly between 2009 and 2019 (OR <1). After including the COVID-19 pandemic years, the
significant change in MV duration, ICU LOS, and pressure ulcers disappeared. We found an ICC <0.07 on the
quality indicators for all years, except for pressure ulcers with an ICC of 0.27 for 2009 to 2021.

Conclusions: Quality of Dutch ICU care based on seven indicators significantly improved from 2009 to 2019 and
between-ICU heterogeneity is medium to small, except for pressure ulcers. The COVID-19 pandemic disturbed
the trend in quality improvement, but unaltered the between-ICU heterogeneity.

DOI of original article: https://doi.org/10.1016/j.jcrc.2023.154462.
* Corresponding author at: Amsterdam UMC location University of Amsterdam, Department of Medical Informatics, Room J1B-113.2, Meibergdreef 9, 1105 AZ
Amsterdam, the Netherlands.
E-mail address: m.blom@amsterdamumec.nl (M.-J. Roos-Blom).
1 These authors contributed equally to this work.

https://doi.org/10.1016/j.jcrc.2023.154461

Available online 10 November 2023
0883-9441/© 2023 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


mailto:https://doi.org/10.1016/j.jcrc.2023.154462
mailto:m.blom@amsterdamumc.nl
www.sciencedirect.com/science/journal/08839441
https://www.journals.elsevier.com/journal-of-critical-care
https://doi.org/10.1016/j.jcrc.2023.154461
https://doi.org/10.1016/j.jcrc.2023.154461
https://doi.org/10.1016/j.jcrc.2023.154461
http://creativecommons.org/licenses/by/4.0/

M.-J. Roos-Blom et al.
1. Introduction

Treatment developments, high resource use, and patients at high risk
of adverse outcomes make intensive care medicine demanding for
continuous quality assurance [1]. Patients in the Intensive Care unit
(ICU) are continuously monitored and, in high income countries, most of
the underlying data are automatically captured in electronic health re-
cords (EHR) [2]. National or regional ICU quality registries use sets of
these data to enable benchmarking, i.e. comparing ICUs’ performance
based on clinical outcomes and process indicators [3-10].

Clinicians, managers, policy makers, and researchers use ICU regis-
tries to analyse, quantify, and improve the quality of ICU care [1].
Furthermore, during the COVID-19 pandemic some of those registries
fulfilled an important role in rapid knowledge development on this new
disease and providing information to national bodies [11-16]. The
constant data collection in ICU registries provides the unique opportu-
nity to investigate the development in quality of ICU care over time.
Improved quality of care can be shown by a reduction of adverse out-
comes, such as mortality and readmissions within the same hospital
stay, and also by a reduction of the variance between ICUs showing less
heterogeneous care. Dutch National Intensive Care Evaluation (NICE)
registry data from 1997 to 2001 showed no change in median ICU length
of stay (LOS), but there was an increase in crude in-hospital mortality.
However, case-mix adjusted mortality decreased slightly over time [17].
Another study based on the NICE registry showed that both short-term
and long-term risk-adjusted mortality decreased significantly from
2008 to 2014 in both very elderly ICU patients and patients aged <80
years in the Netherlands [18]. A study from ANZICS CORE reported on a
decrease in in-hospital mortality and a slight increase in ICU LOS over
the period 1993-2003 [19]. The Swedish Intensive Care Registry
showed that the prevalence of night-time discharge decreased signifi-
cantly between 2006 and 2015, which was associated with a significant
decrease in 30-day mortality [10]. To the best of our knowledge only the
German Interdisciplinary Association for Intensive Care Medicine (DIVI)
showed changes on a broader set of quality measures [9]. They showed
that the severity of disease on admission to the ICU, the proportion of
patients on mechanical ventilation, and the workload of nurses
increased between 2000 and 2010 in German ICUs, but the ICU LOS
remained unchanged. The adjusted mortality of German ICUs decreased
until 2005 and increased thereafter to return to the initial values of
2000.

Hence, studies on development in quality of ICU care over time are
published to a low extent, were not published recently or only for sub-
groups, and mainly focused on trends in mortality and length of stay.
Therefore, the primary aim of this study was to assess the overall trends
in quality of care of ICUs between 2009 and 2019 using different types of
quality indicators in the Netherlands. The second aim was to evaluate
the level of variance in these quality indicators between hospitals over
the years, as large variance may indicate heterogeneity between ICUs
and potential room for improvement for individual ICUs. Third, we
aimed to examine whether trends and variance observed for the quality
indicators between 2009 and 2019 hold when we included 2020 and
2021, when the COVID-19 pandemic played an important role.

2. Materials and methods
2.1. Data collection

The data for this study were derived from the NICE registry [4] that
consists of different modules. Every Dutch ICU participates in the Min-
imal Dataset ‘MDS’ module, with information on demographics,
admission and discharge details, physiology and laboratory measures
during the first 24 h of ICU admission, as well as outcome measures,
such as in-hospital mortality and LOS [4,20]. The MDS module contains
among others all variables for calculating the Acute Physiology and
Chronic Health Evaluation (APACHE) IV mortality probability [21].
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Currently, next to the MDS module, 62 ICUs (86%) also participate in the
additional ‘Quality Indicators for ICU (in Dutch KIIC)’ module. This
module contains structure and process indicators, i.e. availability of the
intensivist, nurse to patient ratio, bed occupancy, duration of mechan-
ical ventilation (MV), and glucose regulation [20]. All variables in the
registry are described in the online NICE data dictionary [22]. To secure
data quality the NICE registry implemented multiple procedures [23].

We started the present study in 2009 to align with the APACHE IV
model implementation in 2008. Data from all ICUs that submitted
complete data to the NICE registry over 2009-2021 were included. Pa-
tient inclusion followed the eligibility criteria as defined in the APACHE
IV model for predicting in-hospital mortality [21]. Except for the
calculation of the quality indicator ‘readmission rate’ all non-initial
admissions to the ICU within the same hospital admission were
excluded. The medical ethics committee of the Amsterdam UMC, Uni-
versity of Amsterdam stated that ethical approval for this study was not
required under Dutch national law (registration number W17_162
#17.186).

2.2. Quality indicators

The quality indicator set developed by de Vos et al. [20] in 2006, was
the basis for this study. We focused on the process and outcome in-
dicators, i.e. duration of MV, ICU LOS, in-hospital mortality, hyper- and
hypoglycemia (>8.0 and < 2.2 mmol/L respectively), and pressure ul-
cers. We added ICU readmission at any moment and readmission within
48 h after the initial ICU discharge during the same hospital stay. These
were originally not included in the set from 2006, but has been reported
to be important outcome indicators [24,25]. Table 1 provides a full
description of the quality indicators. To visualize trends over time in
severity of illness, we also plotted the APACHE IV probability (eFig. 1 in
Supplementary file).

2.3. Statistical analysis

2.3.1. Overall quality improvement

To assess the development in quality of care in Dutch ICUs we first
calculated the yearly indicator scores per hospital and subsequently the
median and interquartile range (IQR) per year for all ICUs together. We
visualized these data in boxplots. We estimated average change per year
with 95% confidence intervals (CI) using multilevel linear regression
analyses for continuous outcomes, and we estimated odds ratios (OR)
with 95%CI using logistic mixed effects analyses for binary outcomes. To
evaluate whether any change over time persisted when the COVID-19
years were included, we performed the analyses separately over the
years 2009-2019 and over the years 2009-2021. ICU was included in
the models as random effect, as patients are clustered within ICUs. Time
(in years) was included as fixed and random slope variable and the
quality indicator as the outcome variable. We adjusted all analyses for
APACHE IV mortality probability [26] to account for differences in case-
mix, which can even change over time. The distributions of duration of
MV and ICU LOS are skewed to the right, therefore, we applied log-
transformation to these outcomes. As sensitivity analysis we repeated
the multivariate analyses in which the initial models were extended with
adjustment for the factors age, gender, admission type, and the number
of comorbidities. Although the APACHE IV model already account for
several comorbidities, we included the number of comorbidities as
factor to correct for the presence of more than one comorbidity simul-
taneously and to also account for the comorbidities that are available in
the NICE registry but are not included in the APACHE IV model. The
comorbidities that were included in these additional sensitivity analysis
were: acquired immunodeficiency syndrome, immunological insuffi-
ciency, chronic renal insufficiency, chronic dialysis, chronic respiratory
insufficiency, chronic obstructive pulmonary disease, metastasized
neoplasm, hematological malignancy, diabetes, cirrhosis, and chronic
cardiovascular insufficiency. To adjust for multiple testing a p-value of
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Table 1
Description of the quality indicators.
Indicator Description Measurement scale Level of
measurement
Duration of mechanical The number of 24-h periods during which mechanically ventilated ICU patients have been mechanically ~ Continuous (24-h Admission
ventilation ventilated periods)
ICU length of stay The number of 24-h periods that ICU patients have been treated in the ICU Continuous (24-h Admission
periods)

ICU Readmission
the initial ICU admission, within the same hospital stay
ICU Readmission within

Number of ICU patients that were admitted to the ICU a second (or third) time after ICU discharge from

Binary (0/1) Unique patients

Number of ICU patients that were admitted to the ICU a second (or third) time within 48 h after ICU

48 h discharge from the initial ICU admission, within the same hospital stay
Hospital mortality Number of ICU patients deceased in the hospital Binary (0/1) Admission
Hyperglycemia Number of ICU patients with an hyperglycemia (glucose level above 8.0 mmol/L) Binary (0/1) Admission
Hypoglycemia Number of ICU patients with an hypoglycemia (glucose level below 2.2 mmol/L) Binary (0/1) Admission
Incidence of pressure Number of ICU patients with incidence of pressure ulcer, newly developed stage 3 or 4, or deterioration ~ Binary (0/1) Admission
ulcers to stage 3 or 4

<0.01 was considered significant.

2.3.2. Heterogeneity between ICUs

To assess potential differences in outcome between ICUs, we calcu-
lated intraclass correlation coefficients (ICC) for each year per indicator.
The ICC quantifies the extent of homogeneity within clusters and het-
erogeneity between ICUs by determining the ratio of between-ICU het-
erogeneity to total variance [27]. An ICC of 1 would indicate identical
outcomes for all ICU admissions (i.e. 100% of individual differences are
at the ICU level), while an ICC of 0 represents no shared ICU-related
outcome level. We used ICC values of 0.01, 0.05, and 0.20 to repre-
sent small, medium, and large levels of between-cluster heterogeneity,
respectively [28-30]. Linear regression analyses were conducted to
evaluate any changes in the ICC over time, with the ICC per year serving
as the dependent variable and time (in years) as the independent
variable.

All statistical analyses were performed using R version 4.0.3 (R
Foundation for Statistical Computing; Vienna, Austria) and subse-
quently the packages Ime4 version 1.1.27.1, performance (icc function)
version 0.9.1, and ggplot2 version 3.3.5.

3. Results

For 1,007,461 ICU admissions the MDS was collected between
January 1, 2009 and December 31, 2021. Figure 1 shows the number of
included ICUs and admissions per indicator after excluding ICUs without
complete data throughout all thirteen years and applying the exclusion
criteria. In total 705,822 ICU admissions from 55 (65%) ICUs were
included. Their characteristics are presented in Table 2. The excluded
ICUs are smaller in size and are mainly of hospital type non-teaching,
but age, gender and admission type of their patient population is
similar compared to the included ICUs (eTable 1).

3.1. Trends in the quality indicators

3.1.1. Duration of mechanical ventilation

Fig. 2A and Table 3 show that the median duration of MV signifi-
cantly decreased throughout the years, from 0.79 24 h-periods in 2009
to 0.64 24 h-periods in 2019 (p < 0.001). When including the COVID-19
years 2020 and 2021 in the model the significant improvement dis-
appeared (p = 0.17). The ICC for MV between 2009 and 2019 was 0.04
and remained 0.04 when the COVID-19 years were included. The yearly
ICC for duration of MV showed no change for 2009 to 2019 (beta =
0.001; p = 0.4), and not for 2009 to 2021 (beta = 0.002; p = 0.08,
Fig. 3).

3.1.2. ICU Length of stay
Average ICU LOS decreased between 2009 and 2019 (Fig. 2B) from
3.4 24-h periods in 2009 to 2.9 24-h periods (p = 0.006) in 2019. The

multilevel analysis confirmed this decrease in the mean ratio of ICU LOS
of 0.99 per year from 2009 to 2019 (Table 3). When including the
COVID-19 years 2020 and 2021, this significance disappeared (p = 0.5).
The ICC of the multilevel model was 0.02 for 2009 to 2019 and remained
0.02 when we included the COVID-19 years. The yearly ICC showed no
change for ICU LOS between 2009 and 2019 (beta = 0.0001; p = 0.7),
and between 2009 and 2021 (beta = —0.0002; p = 0.47, Fig. 3).

3.1.3. Readmissions

Fig. 2C shows that the average readmission rate per year decreased
from 6.4% in 2009 to 4.7% in 2019. The multilevel analysis showed a
significant decrease (p < 0.001) between 2009 and 2019 as well as be-
tween 2009 and 2021 (Table 3). The ICC for readmissions between 2009
and 2019 and 2009 to 2021 was 0.02. The yearly ICC, showed no change
between 2009 and 2019 (beta = 0.002; p = 0.09), and between 2009 and
2021 (beta = 0.001; p = 0.07, Fig. 3).

3.1.4. Readmissions within 48 h

Fig. 2D shows that the average readmission rate within 48 h per year
decreased from 2.5% in 2009 to 2.0% in 2019. The multilevel analysis
showed a significant decrease (p < 0.001) between 2009 and 2019 as
well as between 2009 and 2021 (Table 3). The ICC for readmissions
within 48 h between 2009 and 2019 was 0 and between 2009 and 2021
0.03. The yearly ICC, showed no change between 2009 and 2019 (beta
=0.001; p = 0.37), and between 2009 and 2021 (beta = 0.001; p = 0.14,
Fig. 3).

3.1.5. In-hospital mortality

Fig. 2E shows a decreased average in-hospital mortality rate per ICU
per year from 15.4% in 2009 to 11.8% in 2019. The multilevel analysis
showed a significant decrease (p < 0.001) for in-hospital mortality
(Table 3) between 2009 and 2019 and between 2009 and 2021. The ICC
for mortality was 0.02 between 2009 and 2019, and remained the same
when the COVID-19 years were included. The ICC calculated per year,
did not change between 2009 and 2019 (beta = 0.0003; p = 0.2), and
between 2009 and 2021 (beta = 0.00003; p = 0.88, Fig. 3).

3.1.6. Hyperglycemia (>8.0 mmol/L)

The percentage of patients with hyperglycemia remained stable over
time, with a median of 74.5% between 2009 and 2019 (p = 0.01), and
74.8% between 2009 and 2021 (p = 0.65, Fig. 2F and Table 3). The ICC
was 0.07 for 2009 to 2019 and 0.06 for 2009 to 2021. For hyperglycemia
the yearly ICC remained unchanged for both 2009 to 2019 (beta =
—0.003; p = 0.39) as for 2009 to 2021 (beta = —0.003; p = 0.19, Fig. 3).

3.1.7. Hypoglycemia (<2.2 mmol/L)

Fig. 2G shows that the percentage of patients with hypoglycemia
decreased over time from 2.35% in 2009 to 0.82% in 2019 (p < 0.001).
When the COVID-19 years were included we also found a significant
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Fig. 1. Flow diagram of ICU and patient inclusion.

(7524231 measurements)

* Only ICUs that participated in the additional KIIC module and contributed complete data for that indicator are included.

Table 2
Characteristics of included ICUs and patients.
Characteristic Intensive care units
Total 55
Type of hospital
Academic 6 (10.9%)
Non-academic
Teaching 21 (38.2%)
Non-teaching 28 (50.9%)
Number of ICU beds, mean (min — max) 16.2 (6-55)
Fte ICU nurses, mean (min — max) 54.2 (15-152)

Nurse to patient ratio, average per shift (median 0.80 (0.73-0.91)
(IQR))
Bed occupancy rate, average % per shift (median ~ 73.0 (63.5-81.6)
(IQR))
ICU admissions from 2009 to

2021
Total 705,822
Male 428,105 (60.7%)
Age (median (IQR)) 66 (55-74)
Type of admission
Medical 327,711 (46.4%)
Elective surgery 292,115 (41.4%)
Emergency surgery 85,996 (12.2%)
Mechanical ventilation in first 24 h of ICU 360,687 (51.1%)
admission
Comorbidities®
None 403,201 (57.1%)
One 208,559 (29.6%)
Two or more 94,062 (13.3%)

Severity of illness
APACHE III acute physiology score (median 38 (26-55)
(IQR)) 0.06 (0.02-0.20)
APACHE 1V mortality probability (median
(IQR))

? Included comorbidities: acquired immunodeficiency syndrome, immuno-
logical insufficiency, chronic renal insufficiency, chronic dialysis, chronic res-
piratory insufficiency, chronic obstructive pulmonary disease, metastasized
neoplasm, hematological malignancy, diabetes, cirrhosis, chronic cardiovascu-
lar insufficiency.

decrease (Table 3). The ICC increased from 0.05 for the years 2009 to
2019 to 0.07 when the COVID-19 years were included in the model. The
trend in the yearly ICC for hypoglycemia showed no change for 2009 to

2019 (beta = —0.002; p = 0.4), and for 2009 to 2021 (beta = 0.007; p =
0.2, Fig. 3).

3.1.8. Pressure ulcers

Fig. 2H shows a significant decrease between 2009 and 2019 in the
incidence of pressure ulcers from 1.33% in 2009 to 0.67% in 2019 (p =
0.003, Table 3). When we incorporated the COVID-19 years, the note-
worthy outcome became inconspicuous. The ICC was 0.29 for 2009 to
2019 and 0.27 when we included the COVID-19 years. The yearly ICC
showed an increase of 0.01 (p = 0.02) per year between 2009 and 2019,
and of 0.02 (p = 0.001) between 2009 and 2021 (Fig. 3).

The sensitivity analysis (eTable 2) showed that after adjustment for
age, gender, admission type, and number of comorbidities the yearly
trend we found in each of the indicators remained the same.

4. Discussion

The duration of MV, ICU LOS, readmission rate, in-hospital mortal-
ity, hypoglycemia, and pressure ulcers improved significantly between
2009 and 2019. When we included the COVID-19 pandemic years the
significant reduction of duration of MV, ICU LOS, and pressure ulcers
was no longer observed. The overall heterogeneity between ICUs on the
quality indicators was small to medium (ICC <0.07), except for pressure
ulcers, where the ICC was 0.27 (2009-2021), suggesting ICUs can
improve in pressure ulcer management. Additionally, the ICC for pres-
sure ulcers increased significantly over time, indicating more hetero-
geneity between ICUs. However, for ICU LOS and hyperglycemia, even
when the COVID-19 years were included in the model, the ICC became
smaller over the years. This reduction of ICC for some indicators implies
even more homogenous quality of care over different Dutch ICUs.

We consider homogeneity between ICUs as an important aspect of
good quality of care, i.e. all patients should receive the same quality of
care regardless of the ICU they were admitted to. This does not neces-
sarily mean that the ICUs perform at the desired level. In our study
however, we found that almost all indicators showed an improvement
over time, which together with small heterogeneity implies improve-
ment of quality of care over time. The significant increase in ICC for
pressure ulcers over time, indicating more heterogeneity between ICUs,
might be explained by different policy and practices implemented in the
ICUs [31,32]. An alternate explanation for the increasing ICC for
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Fig. 2. Boxplot for the quality indicators per year.

Table 3
Yearly trend on each of the indicators.

Indicator

Trend per year for 2009-2019 (excl. COVID-19 years)

Trend per year for 2009-2021 (incl. COVID-19 years)

Duration of mechanical ventilation (days), mean ratio (95% CI)
ICU length of stay (days), mean ratio (95% CI)

0.97 (0.96-0.98)
0.99 (0.99-1.00%)

ICU readmission, OR (95% CI)

ICU readmission within 48 h, OR (95% CI)
In-hospital mortality, OR (95% CI)
Hyperglycemia (>8.0 mmol/L), OR (95% CI)
Hypoglycemia (<2.2 mmol/L), OR (95% CI)
Incidence of pressure ulcers, OR (95% CI)

0.96 (0.95-0.97)
0.96 (0.94-0.97)
0.97 (0.96-0.97)
0.99 (0.98-1.00)
0.93 (0.90-0.96)
0.91 (0.86-0.97)

0.99 (0.98-1.00)
0.99 (0.99-1.00)

0.96 (0.95-0.96)
0.97 (0.96-0.98)
0.98 (0.97-0.99)
1.00 (0.99-1.01)
0.95 (0.92-0.98)
0.96 (0.91-1.01)

Abbreviations: 95%CI = confidence interval; OR = odds ratio. All indicators were adjusted for APACHE IV mortality probability. Because the dependent variables
mechanical ventilation (MV) and LOS are log transformed, we report percent change in the geometric mean of LOS and MV for a 1-unit change in the independent

variable (year). ® 0.9898-0.998.

pressure ulcers could be changes in the method of registration. Prior to
2018, only patients with pressure ulcers were required to be registered,
but now all patients must be actively registered. More research is needed
to untangle the factors behind the increased variance. If differences in
pressure ulcer management exist among ICUs, corrective measures may
be necessary. In the short-term, the NICE registry will incorporate an
action implementation toolbox for pressure ulcers within the feedback
dashboard. This addition aims to assist local ICUs in implementing tar-
geted improvement initiatives. Building upon our previous pain

management research, which highlighted the efficacy of such a toolbox
in reducing heterogeneity between ICUs and elevating the quality of
care [33], this step underscores that quality registries like NICE extend
beyond monitoring alone. In a broader context, quality registries such as
NICE are primarily deployed to empower ICUs in enhancing the quality
of care. This support is delivered through activities such as subgroup
analyses and the provision of actionable suggestions for improvement.
The present study underscores the supplementary value that a quality
registry brings to the table: enabling the monitoring of continuous
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quality enhancement over time.

Our observations that all investigated quality indicators, except hy-
perglycemia, decreased significantly between 2009 and 2019, indicates
that quality of Dutch ICU care has improved over time. For duration of
MYV, ICU LOS, and in-hospital mortality this observation is in line with
other studies. However, our results build upon these studies including
more recent years, a longer period and not only medical admissions
[19,34,35]. A possible explanation for the disappearance of significant
improvements in the duration of MV, LOS ICU, and incidence of pressure
ulcers when accounting for the COVID-19 years could be attributed to
the higher number of severely ill patients admitted to the ICU during this
period [12,36]. These patients necessitated different treatment regi-
mens, such as longer mechanical ventilation, resulting in a shift in case-
mix from patients requiring an average duration of MV to those
requiring a more extended duration. Consequently, the duration of
ventilation increased. Besides, ICUs had different staff due to upscaling,
who may have paid less attention to these quality indicators. In our
study, we found a significant decrease in readmission rates at any
moment and within 48 h during the same hospital stay between the
periods of 2009-2019 and 2009-2021. This finding contrasts with that
of the German registry, which reported no change in readmission rates
within 48 h between 2004 and 2010 (9). It is worth noting that the
number of ICU beds per capita in Germany is higher than in the
Netherlands, which may have contributed to this disparity (9, 36). It
would be understandable that with a higher capacity the urge to dismiss
patients as soon as possible is less. This in turn results in a longer
duration of stay but also in less readmissions.

To the best of our knowledge, other studies examining the quality of
ICU care did not provide information on ICC, which may limit the
comparability of our findings with theirs. Huijben et al. (37) utilized the
median odds ratio to illustrate the between-center variation among
European ICUs in terms of patient treatment and outcomes for traumatic
brain injury. Their findings revealed significant differences in ICU LOS
and treatment protocols, which contrasts with our study results. How-
ever, it is important to note that their research examined ICUs across
Europe and was focused exclusively on a specific patient group.

Our study has several strengths. First, it covers a long period of 13
years, providing insights into the quality of care described by eight

indicators, over time, including the recent COVID-19 years. Second, the
data we used were of high quality, with predefined variables and
rigorous data quality procedures [23].

One limitation of our study is that we reported the conditional odds
ratio (OR), which represents the OR between two variables at fixed
levels of a third variable, such as for a patient with a constant APACHE
IV probability or for a patient in the same ICU or ICUs with identical
group-level effects. Although this approach may be appropriate, in sit-
uations where there is substantial heterogeneity between ICUs, the
impact of the fixed effects may be relatively minor [37]. However, we
conducted an additional analysis on APACHE IV mortality probability,
which revealed that there is only small between-ICU heterogeneity
(Appendix A in Supplementary file). Therefore, the aforementioned
limitation may not have a significant impact on our findings. Further-
more, some changes in the performance indicators may be due to evo-
lution of documentation strategies. In the last five to ten years all ICUs
adopted an EHR system, which can have resulted in another way of
collecting data and herewith improved outcomes [38,39]. Not all ICUs
implemented an EHR system simultaneously, so the effect may become
diluted over time and may not be a significant factor. Besides, changes in
admission and treatment policies at the ICU, such as discharging very ill
patients earlier to die at home or hospice, could have contributed to the
decreased in-hospital mortality. However, we did not detect any change
in the severity of illness of the population, as expressed by mortality
probability, which suggests that admission policy did not change. Future
research can explore differences in discharge policy by evaluating 30-
day or 90-day mortality rates. Finally, the generalizability of our find-
ings may be limited since this study was conducted only in a subset of
the Dutch ICUs and in a single country. However, eTable 1 shows that
the excluded ICUs are smaller in size than the included ICUs, meaning
that with our subset of ICUs we were able to include the majority of all
admitted ICU patients. Furthermore, the patient characteristics between
the in- and- excluded ICUs are similar which suggests that it is not
inconceivable that a similar amount of improvement on the indicators
can be found for the excluded ICUs if complete data can be analyzed. The
same applies for ICUs in other countries, if they have a comparable case-
mix they could find similar results as in this study. There are already
initiatives to benchmark ICUs between countries which facilitates cross-
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country learning [40], but it is known that the health care systems differ
from each other. Therefore, we encourage other ICU registries to repli-
cate our analyses to evaluate their own trend in time. When ICU regis-
tries collaborate in standardizing their data by using international
coding systems and information models, it will simplify the process of
uniformly defining and comparing indicators among ICUs in various
countries [41].

5. Conclusions

We demonstrated that the improvements in reducing duration of MV,
ICU LOS, readmission rates, in-hospital mortality, hypoglycemia, and
pressure ulcers were sustained over the course of 10 years, with most of
these trends continuing even during the COVID-19 pandemic years. The
between-ICU heterogeneity is small and stable over time. These results
indicate that the quality of ICU care in the Netherlands has increased
over time.
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