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Take-home message: Analysis of data from
132,159 patients admitted to 87 ICUs
between 2009 and 2011 showed no
significant differences in the adjusted in-
hospital and 90-day mortality of the total
ICU population and in different subgroups
admitted to level 1 (small), 2 (medium-
sized) and 3 (large) ICUs. Our results may
be explained by the successful
implementation of mandatory quality
requirements and minimal staffing
requirements.
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Abstract Purpose: The relation-
ship between the number of patients
admitted to an intensive care unit
(ICU) volume and mortality is cur-
rently the subject of debate. After
implementation of a national guide-
line in 2006, all Dutch ICUs have
been classified into three levels based
on ICU size, patient volume, ventila-
tion days, and staffing. The goal of
this study is to investigate the asso-
ciation between ICU level and
mortality of ICU patients in the
Netherlands. Methods: We ana-
lyzed data from 132,159 patients
admitted to 87 ICUs between January
1, 2009 and October 1, 2011. Logistic

GEE analyses were performed to
assess the influence of ICU level on
in-hospital mortality and 90-day
mortality in the total ICU population
and in different ICU subgroups while
adjusting for severity of illness by
APACHE IV. Results: No signifi-
cant differences were found in the
adjusted in-hospital mortality of the
total ICU population and in different
subgroups admitted to level 1, 2 and 3
ICUs. In-hospital mortality in level 2
and 3 ICUs as opposed to level 1
ICUs was 1.06 (0.93–1.22) and 1.10
(0.94–1.29), respectively, and 90-day
mortality was 0.92 (0.80–1.06) and
1.01 (0.88–1.17). Conclusion: We
demonstrated that ICU level was not
associated with significant differences
in the case-mix adjusted in-hospital
and long-term mortality of ICU
patients. This finding is in contrast
with some earlier studies suggesting a
volume–outcome relationship. Our
results may be explained by the suc-
cessful implementation of nationwide
mandatory quality requirements and
adequate staffing in all three levels of
ICUs over the last years.
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Background

Numerous studies have focused on the relationship
between volume of patients admitted to intensive care
units (ICUs) and outcomes. Recent evidence favors higher
volume hospitals for complex planned surgical proce-
dures. Such a volume–outcome relationship also exists for
some medical conditions such as diabetes, myocardial
infarction and post-cardiac arrest. A policy of central-
ization of services, especially for certain surgical
procedures, has evolved on this basis [1].

Kahn et al. [2], utilized risk estimates to project that
4,720 lives per year (95 % range 2,522–6,744) could
potentially be saved in eight states of the USA by rou-
tinely transferring ICU patients from low- to high-
volume hospitals. However, it is important to note that
several local organizational factors, such as ICU train-
ing, staffing, closed/open format, admission policy, case-
mix, transfer protocols, etc., may have a significant
impact on outcome in ICUs. Consequently, the results of
this study cannot be extrapolated directly to other
country settings. Kanhere et al. [1] found that some
types of patients may fare better in high-volume ICUs.
Their review included mostly retrospective studies,
which were prone to bias. There were inconsistencies in
the study results after adjusting for patient risk, and, in a
recent structured abstract, the results of this review were
therefore found unlikely to be reliable [3]. Some studies
conducted on ICU patients have shown an advantage for
(subgroups of) patients treated in high-volume centers
[4–6]. An earlier Dutch study with data from 2003 to
2005 found a volume–outcome relationship for septic
patients but included only five low-volume ICUs [7].
Other studies were either unable to demonstrate a vol-
ume effect [8, 9] or found it only in subgroups (i.e.
patients with gastrointestinal diagnoses [10] and patient
subgroups depending on other procedural factors such as
volume of surgery [11]). A study in Australia and New
Zealand showed an incremental increase in mortality
with patient volume [12]. A recent review [13] found
that patient mortality may be improved in large capacity
ICUs. However, a lack of consistent findings in different
patient types suggested other factors needed to be con-
sidered in addition to volume, in particular structural
characteristics of the organization such as staffing
models and case-mix.

The 2006 Dutch Intensive Care guideline [14] defined
three levels of ICU care based on annual patient volume,
number of ICU beds, number of ventilation days, and
physician and nurse staffing (see supplementary material
Appendix 1). The guideline includes an established
quality system for all levels of ICU: the implementation
of this guideline in the Netherlands was completed by
December 11, 2008 in 89 % of Dutch ICUs [15] and by
July 15, 2009 in all Dutch ICUs [16].

The purpose of this study is to evaluate the relation-
ship between ICU level and the case-mix adjusted in-
hospital mortality in the Netherlands. To adjust for dif-
ferences in referral policy, we also evaluated the
relationship between ICU level and the case-mix adjusted
90-day mortality of Dutch ICU patients.

Methods

Data

We conducted a cohort study on ICU patients admitted
between January 1, 2009 and October 1, 2011. Data were
extracted from the Dutch National Intensive Care Evalu-
ation (NICE) registry [17]. The NICE registry started in
1996 and includes demographic, physiological and clinical
data of all ICU patients admitted to participating ICUs,
including, but not limited to, primary diagnosis at admis-
sion, age, location of the patient before ICU admission,
length of hospital stay before ICU admission, ventilator
status, ICU and in-hospital mortality, and the Acute
Physiology and Chronic Health Evaluation (APACHE) IV
variables [18]. In our study, we used the predicted mor-
tality risk of patients according to the APACHE IV model
to correct for case-mix differences. Therefore, we could
only include the ICU admissions that fulfilled the inclu-
sion criteria of the APACHE IV model [18]. Furthermore,
we excluded cardiac surgical patients. In Fig. 1, a flow-
chart of the inclusion of ICU patients is given.

During the study period, 87 Dutch mixed medical–
surgical ICUs, more than 90 % of all Dutch ICUs, par-
ticipated in the NICE registry. All participating centers
are obliged to attend data collection training sessions to
ensure consistency and quality of the NICE data,
according to the stated data definitions reported in the
NICE data dictionary. The data are checked for range and
consistency by computer algorithms. Also, an onsite data
quality audit is conducted periodically to ensure the
validity of the data [19].

The registration of organizational information is
additional to the patient information registry within the
NICE. This organizational information can be provided
voluntarily to the NICE registry. Information on number
of beds and staff is provided by 78 ICUs (39 level 1 ICUs,
25 level 2 ICUs, and 14 level 3 ICUs). Information on the
presence and availability of intensivist is provided by 67
ICUs (31 level 1 ICUs, 24 level 2 ICUs, and 12 level 3
ICUs). Information on bed occupancy and IC nurse/
patient ratio is provided by 63 ICUs (25 level 1 ICUs, 25
level 2 ICUs, and 13 level 3 ICUs).

To minimize the possible effect of lower in-hospital
mortality due to referral of sicker patients to centers with
a higher ICU level (referral bias), we also determined
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mortality 90 days after ICU admission. The NICE registry
includes data until hospital discharge. Therefore, the long-
term mortality was assessed by linking the NICE registry
to the insurance claims database of Vektis [20]. Vektis is
a center for information and standardization of health
data, initiated by the Dutch health insurance companies. It
collects and analyses data regarding costs and quality of
the Dutch health system and is maintained by the Dutch
Ministry of Health. A deterministic linkage algorithm
[21] using gender, date of birth, ICU admission date, and
ICU discharge date of each admitting hospital was con-
ducted. In this method, the variables in both databases
must be identical for a positive match. By this procedure,
the vital status (death or alive) on January 1, 2012, and if
relevant, the date of death was added to the NICE regis-
try. To avoid bias due to incomplete linkage, only ICUs of
which the data could be linked for more than 75 % of the
ICU admissions were included. The final dataset used in
this study has been encrypted, removing all patient
identifying information. Anonymized data use does not
require informed consent in the Netherlands, and data
were officially registered in accordance with the Dutch
Personal Data Protection Act [22].

Definition of ICU levels

Included ICUs were classified into three levels as defined
by the 2006 national Intensive Care guideline [14]. All
ICUs are mixed medical–surgical units organized in a
closed format system with intensivists who coordinate
care together with the admitting specialist. A level 1 ICU
is defined as an ICU with a minimum of 6 beds, up to
1,249 ventilation days/year and at least 2 intensivists who

coordinate patient care. A level 2 ICU is defined as an
ICU with a minimum of 12 beds, 1,250–1,499 ventilation
days, at least 0.35 full time equivalent (FTE) intensivists
and 0.45 FTE house doctors per ICU bed (based on the
actual number of staff employed). A level 3 ICU is
defined as an ICU with a minimum of 12 beds, more than
1,500 ventilation days and at least 0.45 FTE intensivists
and 0.55 FTE house doctors per ICU bed (see supple-
mentary material Appendix 1). All levels ICU had to have
a minimum nurse/patient ratio of at least 1:2 (level 1
ICU), 1:1, 5 (level 2 ICU) or 1:1, 3 (level 3 ICU) actually
being on duty. Implementation of a mandatory selection
of ICU protocols as stated by the Dutch Society of
Intensive Care (i.e. each ICU had to have such a protocol
but it could be adapted to the hospital situation and hos-
pital format), and other quality instruments such as a daily
multidisciplinary patient conference, regular complication
and necrology conferences, collection of a minimal set of
quality parameters and an annual report, were mandatory
for all ICU levels. For patients expected to be ventilated
in excess of 72 h, a level 1 ICU had to consult with (but
not to transfer to) a higher level ICU within their geo-
graphical region (regionalization). The guideline
encourages regionalization of the Dutch ICUs, but it is the
only item not yet fully implemented by 2014 and was thus
not implemented in the study period either. The three
levels of ICU care studied, comprise differences in patient
volume, case-mix, ICU size, annualized ventilation days
and staffing, whereas earlier studies used only patient
volume as a variable. It is therefore possible that there are
level 1 ICUs with a larger patient volume than a given
level 2 ICU but with fewer annualized ventilation days,
smaller ICU size or less staffing. The same applies for
level 2 and 3 ICUs.

Data for in-hospital mortality 
analysis N=132,159

NICE registry
N=191,264 (excl. readmissions)

Exclusion: 
cardio surgical patients N=36,018

Insurance claims database 
of Vektis with vital status on 
2012-1-1

Exclusion: 
4 ICUs with <75% linkage N=8,336

Exclusion due to APACHE IV criteria:
Age <16years N=1,034
LOS ICU <4 hours N=7,735
LOS hospital >365days N=77
Burns N=236
Transplants N=323
Admission source CCU/IC N=7,960
Missing hospital discharge date N=1,317
Missing admission type N=2,420
Missing or invalid APACHE IV reason for  

admission N=1,985

Data for long-term mortality 
analysis N=115,909

Fig. 1 Flowchart of patient
entry into the study
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Statistical analysis

In order to analyze the relationship between ICU level
and mortality, we used logistic generalized estimating
equation (GEE) models, which account for potential
correlation of outcomes within ICUs [23]. The GEE
models were used to calculate the odds ratios and 95 %

confidence intervals (CI) of ICU level while adjusting
for the severity of illness of the patients. While applying
the GEE models, the APACHE IV model was first level
recalibrated as we used the logit-transformed original
APACHE IV mortality risk to adjust for the severity of
illness during the analysis. The relationship between
ICU level and mortality was analyzed for the ICU

Table 1 Characteristics of the different ICUs and patients

Level IC Level 1 Level 2 Level 3 Significant
differencesa

Number of ICUs 42 28 17
Number of admissions 42,858 45,218 44,083
Age [mean (SD)] 63.6 (17.1) 63.4 (16.5) 60.1 (16.7) A, B, C
Gender N (%) male 22,980 (53.6 %) 25,905 (57.3 %) 25,806 (58.5 %) A, B, C
APACHE IV score, median (IQR) 49 (33–70) 54 (36–77) 54 (37–79) A, B, C
ICU mortality (%) 7.5 10.1 11.7 A, B, C
In-hospital mortality (%) 12.9 16.2 17.3 A, B, C
Ventilated patients in the first 24 h

of ICU admission (%)
27.7 40.3 53.1 A, B, C

Days (in 24 h) of mechanical ventilation
per patient, median (IQR)

1.5 (0.5–4.7) 1.8 (0.6–5.6) 1.1 (0.3–4.5) A, B, C

IC LOS in days, median (IQR) 1.0 (0.8–2.6) 1.2 (0.8–3.4) 1.3 (0.8–3.7) A, B, C
Hospital LOS in days median (IQR) 9.0 (4.0–17.0) 11.0 (5.0–21.0) 11.0 (6.0–22.0) A, B, C
Admission type
Medical (%) 49.6 51.7 50.4 A, B, C
Emergency surgical (%) 15.7 16.4 17.2 A, B, C
Elective surgical (%) 34.7 31.9 32.4 A, B

Admission diagnoses
OHCA 774 (1.8 %) 1,171 (2.6 %) 1,962 (4.5 %) A, B, C
Sepsis 3,013 (7.0 %) 4,045 (8.9 %) 2,642 (6.0 %) A, B, C
Pneumonia 3,319 (7.7 %) 3,328 (7.4 %) 2,757 (6.3 %) A, B, C
Colorectal surgery 4,949 (11.5 %) 3,501 (7.7 %) 1,957 (4.4 %) A, B, C
Intoxication 2,919 (6.8 %) 2,404 (5.3 %) 1,330 (3.0 %) A, B, C
Mortality risk (30–50 %) 3,155 (7.4 %) 4,221 (9.3 %) 4,322 (9.8 %) A, B, C
Mortality risk (50–70 %) 1,933 (4.5 %) 2,596 (5.7 %) 2,995 (6.8 %) A, B, C
Mortality risk (C70 %) 2684 (6.3 %) 3,721 (8.2 %) 4,182 (9.5 %) A, B, C

Co-morbidity (%)
Chronic renal failure 4.7 6.1 5.3 A, B, C
Chronic dialysis 0.6 1.8 1.5 A, B, C
Neoplasma 6.1 5.3 5.6 A, B, C
HIV positive 0.1 0.1 0.3 B, C
Hematological malignity 1.3 1.5 2.2 A, B, C
Cirrhosis 1.3 1.5 2.0 B, C
Cardiovascular insufficiency 4.6 4.6 6.2 B, C
Respiratory insufficiency 6.8 5.7 5.5 A, B
Immunological insufficiency 6.9 6.8 7.6 B, C
COPD 16.6 14.6 10.1 A, B, C
Diabetes 16.1 15.2 13.1 A, B, C

Admission from (%)
Operation theatre/recovery own hospital 47.1 45.0 44.9 A, B
Emergency department own hospital 22.3 22.7 24.9 B, C
ICU/CCU own hospital 3.9 5.7 6.6 A, B, C
Medium Care unit own hospital 0.1 1.0 1.3 A, B, C
Normal ward own hospital 25.8 27.1 19.7 A, B, C
ICU/CCU/MC other hospital 0.0 0.1 0.1 A, B, C
Other hospital 1.9 2.5 4.8 A, B, C
Other admission source 2.9 1.6 4.4 A, B, C

Transfer to (%)
CCU/ICU/HDU own hospital 2.3 7.8 7.8 A, B
Ward own hospital 78.2 73.5 72.1 A, B, C
CCU/ICU/HDU other hospital 1.9 1.2 2.3 A, B, C
Normal ward other hospital 2.7 2.4 2.4 A, B
Other 7.4 4.7 3.6 A, B, C
Mortuary 7.5 10.1 11.7 A, B, C

A significant difference between level 1 and level 2 ICUs, B sig-
nificant difference between level 1 and level 3 ICUs, C significant
difference between level 2 and level 3 ICUs

a The Mann–Whitney method used does not account for
clustering
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population as a whole, as well as for ICU subgroups
based on admission type (e.g., medical, elective surgical,
emergency surgical), APACHE IV predicted mortality
risk (e.g., 30–50, 50–70, [70 %), ventilation in the first
24 h of ICU admission, and reason for ICU admission
(e.g., sepsis, pneumonia, intoxication, primary airway
problems, out of hospital cardiac arrest (OHCA), colo-
rectal surgery) (for definitions, see supplementary
material Appendix 2). For each subgroup, we used two
logistic GEE models, one for the outcome variable in-
hospital mortality and one for the outcome variable
mortality 90 days after ICU admission. We compared
population characteristics across three ICU levels using
a Mann–Whitney U test for non-normally distributed
continuous variables and the v2 test for categorical
variables.

All statistical analyses were performed using PASW�

statistics 18 (SPSS, Chicago, IL, USA) and the R envi-
ronment for statistical computing version 2.15.1 [24].

Results

A total of 191,264 ICU patients were admitted to 87
mixed medical-surgical ICUs between January 1, 2009
and October 1, 2011. In the analysis of in-hospital mor-
tality, 132,159 ICU patients were included, and in the
analysis of mortality 90 days after ICU admission,
115,909 patients (93.6 %) from 83 ICUs (40 level 1 ICUs,
27 level 2 ICUs, and 16 level 3 ICUs) were included. A
flowchart of patient entry into the study is shown in
Fig. 1.

Characteristics of the different ICUs and patients are
shown in Table 1.

The severity of illness expressed as the APACHE IV
score was lower in level 1 ICUs than in level 2 and 3
ICUs; the median APACHE IV score being respectively
49 versus 54 versus 54. Level 3 ICUs admitted more
patients from other hospitals (4.9 %) compared to level 2
(2.6 %) and level 1 (1.9 %) ICUs.

Table 2 shows the organizational characteristics of the
three ICU levels.

Table 2 shows that level 3 ICUs did have more hos-
pital beds. The bed occupancy in level 3 ICUs is higher
than in level 1 and 2 ICUs and the ratio IC nurse/patient
(e.g., number of FTE IC nurses actually on duty divided
by the number of IC patients present) in level 3 ICUs is
lower than in level 1 ICUs.

In Table 3, the odds ratios for hospital mortality and
90-day mortality of level 2 and 3 ICUs for the total IC
population and for each subgroup are given, with the level
1 ICUs as reference, to determine whether there are sig-
nificant differences between level ICU and in-hospital
mortality and 90-day mortality.

The odds ratios mostly showed non-significant dif-
ferences between in-hospital mortality and 90-day
mortality and the level of ICU. In one subgroup, the odds
ratio for in-hospital mortality differed significantly: in-
hospital mortality for ventilated patients in level 3 ICUs
was higher than in level 1 ICUs. The odds ratio based on
90-day mortality showed no significant differences for the
ICU population as a whole or any subgroup.

Discussion

This study suggests that there was no association between
ICU level of care and case-mix adjusted in-hospital or
long-term mortality in Dutch ICU patients. This was also

Table 2 Organization per level ICU

Level IC Level 1 Level 2 Level 3 Significant
differencesa

Median (IQR) number of hospital beds 342 (254–423) 600 (436–702) 800 (595–988) A, B, C
Median (IQR) number of ICU beds 7 (6–9) 12 (10–15) 24 (14–34) A, B, C
Median (IQR) number of IC nurses (FTE) 22 (16–27) 38 (30–51) 91 (62–117) A, B, C
Median (IQR) number of IC nurses in training (FTE) 3 (2–5) 6 (4–8) 13 (7–17) A, B, C
Median (IQR) number of IC house officers (FTE) 4 (1–6) 6 (5–8) 10 (6–13) A, B, C
Median (IQR) number of fellows (FTE) 0 0 10 (7–10) B, C
Median (IQR) number of intensivists (FTE) 2 (2–4) 5 (5–6) 11 (6–14) A, B, C
Median (IQR) ratio IC nurse/patient 0.8 (0.6–1.0) 0.7 (0.5–0.8) 0.6 (0.5–0.7) A, B, C
Median (IQR) percentage bed occupancy 66.7 (50.0–85.7) 77.8 (60.0–90.9) 86.7 (76.7–95.1) A, B, C
Median (IQR) hours of intensivist presence during week 10.0 (8.5–11.6) 15.1 (13.3–17.9) 16.3 (15.3–20.4) A, B
Median (IQR) hours of intensivist presence weekend 5.3 (3.0–12.0) 12.6 (10.0–16.0) 13.5 (10.4–17.8) A, B
Median (IQR) hours of intensivist available during week

(hours/days)
24.0 (24.0–24.0) 24.0 (24.0–24.0) 24.0 (24.0–24.0) A

Median (IQR) hours of intensivist available during weekend
(hours/days)

24.0 (24.0–24.0) 24.0 (24.0–24.0) 24.0 (24.0–24.0) A

A significant difference between level 1 and level 2 ICUs, B sig-
nificant difference; between level 1 and level 3 ICUs, C significant
difference between level 2 and level 3 ICUs

a The Mann–Whitney method used does not account for
clustering
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true for several subgroups based on admission type, rea-
son for ICU admission, or predicted APACHE IV
mortality. Only in the subgroup of ventilated patients was
the in-hospital mortality in level 3 ICUs higher than in
level 1 ICUs. This difference was not present in 90-day
mortality. Neither of the subgroups of patients that do not
necessarily need to be transferred to higher level ICUs
and high risk patients showed a significant difference in
mortality between level 1, level 2, and level 3 ICUs. The
absence of a difference in mortality in all patient groups
supports our hypothesis that the level of ICU does not
influence outcome.

Low level ICUs had a higher nurse/patient ratio than
higher level ICUs. This is probably explained by the fact

that the high level ICUs had more ICU nurses in training
(who are not accounted for in the NICE registration).

Contrary to other studies looking at patient volume and
outcome [4–12], our study was carried out on three different
levels of ICU classified by patient volume, ventilation vol-
ume, nurse and physician staffing. To our knowledge, this is
the first study focusing on ICU level and outcome and not
merely on patient volume–outcome relationship. Kahn et al.
[4] examined data of 20.241 ventilated medical patients in
the USA and found a lower ICU mortality in high-volume
hospitals. However, we showed that the adjusted in-hospital
mortality of mechanically ventilated patients in level 3 ICUs
was higher than in level 1 ICUs. The fact that we did not find
a relationship between level of care and mortality may be
caused by implementing the 2006 Dutch Intensive Care
guideline, which states that every Dutch ICU has a minimum
size of at least six beds, a nurse/patient ratio of at least 1:2
and at least two intensivists working on the ICU including a
formal head of department. In 2008, when 89 % [24] of the
Dutch ICUs had successfully implemented the 2006 ICU
guideline [14], the Dutch health authorities encouraged and
accelerated the implementation process, resulting in the fact
that, by July 15, 2009, all guideline requirements except
regionalization were fully implemented in all Dutch ICUs
[16]. In contrast to the Dutch situation, the implementation
process of ICU quality criteria in the USA showed that, by
2000, only 4 % of all the ICUs had implemented the
Leapfrog criteria [26], and by 2010 it was only 34 % [27],
whereas in our study, a similar quality implementation
process was completed in all the participating ICUs [16].
This may explain the positive correlation between ICU
volume and outcome in the USA studies which is not found
in our study. The only study showing mortality increments
with patient volume [12] is from Australia and New Zea-
land, with a similar ICU system as in the Netherlands:
unique features are organization, training and relationship of
nursing and medical staff, the model of training and opera-
tion of ICU, the role of physiotherapy in patient care, and the
independence of the intensive care department from other
specialties [28], all very similar to the Dutch system and
supporting our suggestion that a homogeneous implemen-
tation of a stringent quality system leads to good ICU
outcome on all levels of ICU. A recent Spanish study with
closed-format ICU models and 24/7 coverage by trained
ICU physicians also showed no volume–outcome relation-
ship [9]. Caution should be applied when comparing results
from one country or health-care system to another, as
international differences in critical care unit provision,
structure and organization do exist and may limit the gen-
eralizability of these findings [29]. We have analyzed the
Dutch situation with a unique system of three different levels
of ICUs; other specific features of the Dutch ICU system are
a low threshold for ICU admission and an overall model of
mixed ICUs. Furthermore, differences between European
countries also exist, as the Netherlands has lower mortality
rates in comparison to the UK (ICNARC) and France. We

Table 3 Odds ratios for in-hospital mortality and 90-day mortality
(95 % CI) in level 2 and 3 ICUs with level 1 ICUs as reference
adjusted to APACHE IV probability

Population Level 2 Level 3

Total ICU population
In-hospital SMR 1.06 (0.93–1.22) 1.10 (0.94–1.29)
90-day SMR 0.92 (0.80–1.06) 1.01 (0.88–1.17)

Medical admissions
In-hospital SMR 1.06 (0.94–1.19) 1.08 (0.93–1.26)
90-day SMR 0.90 (0.78–1.03) 0.98 (0.84–1.15)

Emergency surgery
In-hospital SMR 1.16 (0.95–1.42) 1.08 (0.90–1.29)
90-day SMR 1.01 (0.85–1.20) 1.00 (0.83–1.19)

Elective surgery
In-hospital SMR 1.09 (0.89–1.33) 1.10 (0.89–1.36)
90-day SMR 0.97 (0.82–1.14) 1.04 (0.86–1.26)

APACHE IV mortality risk (30–50 %)
In-hospital SMR 1.10 (0.98–1.24) 1.06 (0.93–1.22)
90-day SMR 0.96 (0.85–1.08) 0.98 (0.84–1.15)

APACHE IV mortality risk (50–70 %)
In-hospital SMR 1.01 (0.85–1.19) 1.02 (0.85–1.22)
90-day SMR 0.89 (0.77–1.03) 0.95 (0.79–1.14)

APACHE IV mortality risk (C70 %)
In-hospital SMR 1.12 (0.98–1.29) 1.06 (0.89–1.26)
90-day SMR 0.90 (0.77–1.06) 0.88 (0.74–1.06)

Ventilated patients in first 24 h
In-hospital mortality 1.13 (0.98–1.30) 1.25 (1.05–1.49)a

90-day mortality 1.00 (0.87–1.14) 1.14 (0.97–1.33)
Sepsis
In-hospital SMR 0.98 (0.82–1.18) 1.04 (0.87–1.24)
90-day SMR 0.89 (0.75–1.06) 0.95 (0.79–1.14)

Pneumonia
In-hospital SMR 1.12 (0.95–1.32) 1.11 (0.89–1.39)
90-day SMR 0.90 (0.78–1.05) 1.03 (0.84–1.27)

Colorectal surgery
In-hospital SMR 1.22 (0.99–1.49) 1.10 (0.90–1.33)
90-day SMR 1.17 (0.97–1.41) 1.04 (0.87–1.25)

Primary airway problems in-hospital mortality
In-hospital SMR 1.10 (0.90–1.33) 1.08 (0.75–1.56)
90-day SMR 0.94 (0.68–1.32) 0.99 (0.70–1.39)

OHCA
In-hospital SMR 0.94 (0.69–1.29) 1.12 (0.86–1.47)
90-day SMR 0.91 (0.66–1.24) 0.98 (0.77–1.25)

Intoxication
In-hospital SMR 0.84 (0.52–1.36) 0.91 (0.59–1.40)
90-day SMR 0.82 (0.60–1.10) 0.80 (0.59–1.07)

a Significant difference from the reference level 1 ICUs
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thus cannot guarantee that our results are generalizable to
other countries.

During our analysis, we adjusted for several case-mix
differences by using the APACHE IV mortality risks, and
we adjusted for the fact that patients within a hospital are
more alike than patients between different hospitals by using
a GEE model. However, we cannot rule out that there are
case-mix factors influencing the outcome of patients for
which the APACHE IV does not or insufficiently adjust. In a
former study of Brinkman et al. [25], for example, it is
illustrated that hospitals that admit more severely ill patients
are disadvantaged compared to hospitals admitting less
severely ill patients when calculating the SMR. Further-
more, we analyzed the case-mix adjusted mortality of level
1, 2, and 3 ICUs of the ICU population actually admitted to
these ICU levels. It is unknown how the case-mix adjusted
mortality would be if, for example, the ICU population now
admitted to level 3 ICUs were admitted to level 1 ICUs or
vice versa. Patients transferred to an ICU of another level
were included in the SMR of the referring ICU, which may
introduce a referral bias. Therefore, we also calculated the
odds ratio ICUs level 2 and 3 ICUs with level 1 ICUs as
reference, excluding the patients transferred to another
hospital (4, 2 % of the ICU population). These additional
results shown in supplementary material Appendix 4 are
similar to the odds ratios including the transferred patients
(Table 3). Furthermore, by calculating the 90-day mortality,
we adjusted for any referral bias. Although in most sub-
groups not significant, the in-hospital mortality of level 1
ICUs seems to be lower compared to level 2 and 3 ICUs,
while it is the opposite for 90-day mortality. The reason for
the trend towards lower in-hospital mortality in level 1 ICUs
may be explained by the fact that level 1 ICUs transfer more
patients, which thus automatically survive the hospitaliza-
tion in the transferring level 1 ICU. In cases where the
patient dies in the higher level ICU, this death will only be
counted towards the transferring level 1 ICU if the mortality
90 days after ICU admission is calculated. Another example
is when patients are transferred to a hospice which results in
a lower in-hospital but a higher 90-day mortality.

The strength of this study is its very large sample size
including almost all of the Dutch national ICUs and the
analysis of relevant subgroups.

The absence of an ICU level–outcome relationship, as
illustrated by the fact that after exclusion of all transferred
patients no significant differences in in-hospital mortality
remained (see supplementary material Appendix 4), sug-
gests that referral from a low to a medium or high level ICU
or vice versa should be based on the presence or absence of
more specialized diagnostic and treatment facilities in
these hospitals, and not on the premise of better provision
of care or outcome in higher or lower level ICUs as such.

More information is needed about the structure, pro-
cess, and organization of care within level 1, 2 and 3 ICUs
to identify the best way to improve outcome. Future
research should focus on physician case volume as
opposed to ICU level or hospital volume, and the role of
regionalization in IC treatment (mandatory consulting and
referral of specific patient groups).

Conclusion

Our findings suggest that all ICUs—low, medium and
high level—provide similar outcomes for the ICU patients
admitted to these ICUs. Implementation of mandatory
quality requirements, such as minimal staffing, adherence
to national IC protocols, a daily multidisciplinary patient
conference, regular complication and necrology confer-
ences, collection of a minimal dataset of quality
parameters and an annual report, is in our opinion the key
factor for the comparable outcome in all three ICU levels.
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