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ABSTRACT

Introduction Higher mortality for patients admitted to
intensive care units (ICUs) during the weekends has been
occasionally reported with conflicting results that could
be related to organisational factors. We investigated the
effects of ICU organisational and staffing patterns on the
potential association between weekend admission and
outcomes in critically ill patients.

Methods We included 59 614 patients admitted to 78
ICUs participating during 2013. We defined ‘weekend
admission’ as any ICU admission from Friday 19:00 until
Monday 07:00. We assessed the association between
weekend admission with hospital mortality using a mixed
logistic regression model controlling for both patient-
level (iliness severity, age, comorbidities, performance
status and admission type) and ICU-level (decrease

in nurse/bed ratio on weekend, full-time intensivist
coverage, use of checklists on weekends and number
of institutional protocols) confounders. We performed
secondary analyses in the subgroup of scheduled
surgical admissions.

Results A total of 41894 patients (70.3%) were admitted
on weekdays and 17720 patients (29.7%) on weekends.
In univariable analysis, weekend admitted patients had
higher ICU (10.9% vs 9.0%, P<0.001) and hospital
(16.5% vs 13.5%, P<0.001) mortality. After adjusting for
confounders, weekend admission was not associated with
higher hospital mortality (OR 1.05, 95%Cl 0.99 to 1.12,
P=0.095). However, a ‘weekend effect’ was still observed
in scheduled surgical admissions, as well as in ICUs not
using checklists during the weekends. For unscheduled
admissions, no ‘weekend effect’” was observed regardless
of ICU’s characteristics. For scheduled surgical admissions,
a ‘weekend effect’ was present only in ICUs with a

low number of implemented protocols and those with

a reduction in the nurse/bed ratio and not applying
checklists during weekends.

Conclusions ICU organisational factors, such as
decreased nurse-to-patient ratio, absence of checklists
and fewer standardised protocols, may explain, in part,
increases in mortality in patients admitted to the ICU
mortality on weekends.

Strengths and limitations of this study

» Large prospective cohort including several Brazilian
intensive care units with different organisational
features.

» Analyses corrected for both relevant patient-level
and centre-level confounders.

» Large number of models built may have increased
type 1 error.

» Variable selection for main multivariable may have
been arbitrary.

INTRODUCTION

Higher mortality for patients admitted during
the weekends has been repeatedly reported
in studies carried out in both wards' * and
intensive care units (ICUs).”>* The so-called
weekend effect is often ascribed to the imbal-
ance of organisational and staffing features
available on weekdays, which either do not
occur or are suboptimal during the week-
ends.” This notion has driven several health-
care policies, especially in England where
junior doctors’ contracts were changed on
the assumption that increased weekend
working would mitigate the weekend effect.’
This was followed by a great deal of discus-
sion on the veracity of a weekend effect due
to uncertainties on the reliability of disease
coding on admission during weekends® 7 and
biases related to different profiles of illness
severity and comorbidities in weekend-ad-
mitted patients.®*

If the weekend effect is a real phenomenon
among ICU admissions, it could be mediated
by several organisational factors including
staffing features such as full-time intensivist
coverage and nurse staff levels'” and use
of other ancillary tools designed to sustain
the continuity of care such as checklists and
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number of institutional protocols available."" However, the
association between these organisational characteristics
and the weekend effect in ICUs were not thoroughly evalu-
ated. We have used a large national prospectively collected
database to examine the hypothesis that the weekend effect
would only be manifest in settings in which suboptimal
organisation, staffing or clinical practices could impact on
continuity of care.

METHODS

Population

This was a post hoc analysis of the ORganizational
CHaractEeriSTics in cRitcal cAre (ORCHESTRA)
study, a multicentre retrospective cohort study of crit-
ical care organisation and outcomes in critically ill
patients admitted in 78 Brazilian ICUs during 2013 from
1 January to 31 December.'' All patients in the data-
base were selected. From the initial database of 59693
patients, we excluded 79 patients with missing admission
date/hour, leaving 59 614 patients for analysis. In case of
readmissions during the study period, we considered only
the first ICU admission.

Exposure definitions
We defined weekend admission as any admission to the
ICU occurring between Friday 19:00 and Monday 07:00.

Outcome definition
Hospital mortality.

Organisational factors

We considered several organisational factors in the anal-
ysis including the use of checklists (structured evalua-
tions using a digital or printed instrument with multiple
components focused on prevention of common ICU
complications and adherence to best practices) during
weekends, the implementation of protocols in the ICU
(among a predefined set of 10 protocols aiming at the
adherence to best practices and prevention of acquired
complications for frequent conditions in the ICU; see
online supplementary file for details), the presence of
full-time intensivist coverage 24/7 in the ICU, presence
of a low nurse/bed ratio and ICU type. Full-time inten-
sivist coverage was defined as the presence of a board-cer-
tified intensivist in the ICU 24 hours a day, 7 days a week.
A low nurse/bed ratio was defined as a mean nurse/
bed <0.20 inside the ICU (ie, the mean nurse/bed ratio
considering all shifts in the ICU was lower or equal to
0.20). This 0.20 cut-off was established after inspecting
the univariable association between nurse/bed ratio
and inhospital mortality in a generalised additive model
(online supplementary figure 1; see electronic supple-
mentary material for details). For checklists, dummy
coding was used to represent units with checklists 7 days
a week versus those without weekend checklists (ie, units
that had checklists on weekdays only or did not apply
checklists at all).

Patient factors

We estimated organ failure and the severity of illness using
the Sequential Organ Failure Assessment (SOFA) score'”
and the Simplified Acute Physiology Score (SAPS) 3.B
The Charlson Comorbidity Index (CCI) was calculated
as previously reported.M Baseline performance status
(assessed 1week before hospital admission) was defined
according to the impairment degree as absent/minor,
moderate and severe corresponding to performance
classes of Eastern Cooperative Oncology Group of 0-1,
2 or 3—4, respectively, as previously described."” Hospital
length of stay (LOS) before ICU admission was collected
and stratified in tertiles for the analysis.

Missing values

No outcome was missing. Baseline performance status
was missing in 3476 patients. Multiple imputation using
random forest models was used to impute missing values
for this variable, as previously described.'” There were
no other missing values in the variables included in the
analysis.

Statistical analysis

We used a mixed multivariable logistic regression to assess
the independent association between each predictor and
hospital mortality at the patient level. The ICU where
the patient was admitted was added as a random effect
(random intercept) in the model, while all the other vari-
ables were added as fixed effect. Continuous variables
were scaled and centred before entering the mixed model.
For patient-level variables, we initially considered those
associated with hospital mortality with a P value lower
than 0.1 for the multivariable model; from the initial set
of variables, the decision to add then to the model was
based on clinical relevance. In case of collinearity, the
decision to keep the variable to enter in the multivariable
analysis was also based on clinical grounds. For example,
both SAPS 3 score and SOFA scores are highly correlated,
but the SAPS 3 also includes information on age, reason
for admission, organ failures, comorbidities and hospital
LOS before ICU admission. In this sense, we have chosen
to use SOFA score for the main multivariable models and
added age, reason for admission, comorbidities (evalu-
ated using the CCI) and LOS before ICU admission as
individual covariates. The following patient-level variables
were included in the main model: age, SOFA score, CCI,
baseline performance status impairment, admission type
(medical, elective surgery and non-elective surgery) and
hospital LOS before ICU admission stratified in tertiles.
For centre-level variables, we have chosen to add variables
known from previous studies to be associated with worse
ICU." " These variables included use of checklists during
the weekends, presence of full-time intensivist coverage,
low baseline nurse/bed ratio and ICU type (medical/
surgical or other). Weekend admission was forced in the
model. No stepwise selection was performed. Type of
funding (public vs private) was not added to the model
due to large collinearity with most organisational features.
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Subgroup analyses

We defined that sensitivity analysis for the following
subgroups would be performed: admission type, quar-
tiles of baseline SAPS 3 score, patients admitted due to
sepsis, patients admitted on mechanical ventilation, ICUs
with or without decrease in nurse/bed ratio during week-
ends (regardless of baseline values), ICUs stratified per
presence of full-time intensivist coverage, ICUs with or
without checklist during the weekends and according
to number of ancillary protocols in the ICU (above or
below the median values of protocols per ICU). We
repeated the subgroup analyses of organisational features
(decrease in nurse staff, absence of full-time intensivist
coverage, absence of checklist and number of ancillary
protocols) after stratifying our sample according to
scheduled surgical versus non-scheduled ICU admissions
(both emergency surgery and clinical).'® For the number
of ancillary protocols, we split the samples in patients
admitted to units with less or at least eight protocols,
since this value split the number of included ICUs in half.
Scheduled surgery admissions are defined as any admis-
sion after a surgical procedure that was scheduled at least
24hours before its start and for which an ICU bed was
requested before the procedure started.

Propensity score analysis

We performed a propensity score 1:1 analysis pairing
patients per their predicted probability of weekend
admission based solely on the patients’ factors. The prob-
ability of weekend admission was obtained by creating a
logistic regression with the following variable included as
predictors, based on clinical grounds: age, SOFA score,
SAPS 3 score, CCI, degree of performance status impair-
ment, hospital LOS before ICU admission and admission
type. Patients were matched using the nearest neighbour
method considering the logit as the distance method.
Maximum distance allowed was 0.40. At each matching,
the unit with the closest logit still unmatched was used.
After checking the balance of the propensity-matched
groups, we compared hospital mortality for propensi-
ty-matched patients using "~ test.

Effects of organisational changes during weekends in
weekend versus weekday mortality

One additional approach to scrutinise the impact of
organisational features in weekend admission mortality
was applied by performing a linear regression at the
ICU level considering the change in mortality (weekend
minus weekday mortality for the ICU) as dependent
variable and both SAPS 3 and organisational features as
predictors. Due to the relatively small number of ICUs,
we have chosen to minimise the number of predictors;
in this sense, only SAPS 3 score was used to control for
patient-centred variables since it encompasses informa-
tion of reason for admission, age, LOS before admission
and comorbidities. The organisational features selected
were the same used for splitting subgroups in multivari-
able mixed model. After linear regression, we assessed the

relative importance of each predictor using the method
suggested by Lindeman, Merenda and Gold.

Temporal association between organisational features and
outcome in patients admitted during weekends

The time-dependent effects of organisational factors in
patients admitted to the ICU on weekends was assessed
through an approach based on multiple sequential
random forest models at the patient level from the day of
admission (day 0) until 7 days after with hospital mortality
as outcome of interest. The first regression included all
patients admitted on weekends; the second regression
included all patients except those who died in the first
day, the third regression included all patients except
those who died in the first 2 days, and so on until the first
7 days. Again, for simplicity, we used SAPS 3 score as a
single predictor for patientlevel confounders. Organisa-
tional features (presence/absence of weekend checklists,
low nurse/bed ratio, number of protocols and presence/
absence of full-time intensivist coverage) were added
to the random forest model. Relative importance was
assessed at each model based on mean decrease of Gini
value and displayed as percentage over time.

All analyses were performed in R Project version 3.4.2"7
with packages ggplot2, Ime4, dplyr, tidyr, relimpo and
gridextra. A P value below 0.05 was considered signifi-
cant. This report follows the Strengthening the Reporting
of Observational Studies in Epidemiology guideline'®
(shown in online supplementary file).

The need for informed consent was waived.

RESULTS

Patients and ICU features

Out of 59693 patients admitted to the participating
ICUs during the study period, 59614 (99.9%) had avail-
able ICU admission date and hours and were selected
for analysis. Main ICU and hospital characteristics are
depicted in online supplementary table 1 (see electronic
supplementary material). Most ICUs were private (online
supplementary table 1). A total of 41 894 patients (70.3%)
were admitted on weekdays and 17720 patients (29.7%)
were admitted on weekends. The number of admissions
decreased during weekends especially due to a decrease
in elective surgeries and also due to a decrease in medical
admissions (figure 1). A comparison between patients
admitted at weekend versus weekdays is shown in table 1
and in online supplementary figure 2. Patients admitted
on weekends were more severely ill (with higher SOFA
and SAPS 3 scores) and more frequently admitted due to
medical reasons than patients admitted during weekdays
(table 1). When compared with patients admitted during
weekdays, a slightly lower percentage of weekend admis-
sions occurred in ICUs with a low nurse/bed ratio (49.8%
vs 48.6%, respectively; P=0.007) and/or fewer than eight
protocols (46.9% vs 45.4%, respectively; P=0.001), as
shown in online supplementary figure 2.

Zampieri FG, et al. BMJ Open 2018;8:e018541. doi:10.1136/bmjopen-2017-018541


https://dx.doi.org/10.1136/bmjopen-2017-018541
https://dx.doi.org/10.1136/bmjopen-2017-018541
https://dx.doi.org/10.1136/bmjopen-2017-018541
https://dx.doi.org/10.1136/bmjopen-2017-018541
https://dx.doi.org/10.1136/bmjopen-2017-018541
https://dx.doi.org/10.1136/bmjopen-2017-018541
https://dx.doi.org/10.1136/bmjopen-2017-018541

Open Access 8

A - Number of patients admitted to
the ICUs at each day of the week

=@~ Medical =@= Surgical (elective) == Surgical (urgent)

o ‘\.’J_‘\‘\'_.
5000
__ 4000
£
fa
€ 3000
2
w©
o
2000
1000
0
% = =
> = >
] o i = o]
T 3 ¢ % 8§ T =z
il c 5 = o &
2 3 T - [ [ a
o = = w
Figure 1

day. ICU, intensive care unit.

Univariable analysis

The overall ICU and hospital mortality rates were 9.5%
and 14.4%, respectively. While hospital mortality for
medical admissions per week day of ICU admission
slightly fluctuated over the week, higher mortality was
seen for elective surgical patients admitted on Sunday
(figure 2). For non-elective surgeries, large fluctuations
were observed with a peak mortality for those admitted
on Tuesday (figure 2). In univariable analysis, hospital
mortality was significantly higher for patients admitted at
weekends (16.2 vs 13.6%, OR 1.22, 95% CI 1.17 to 1.29;
P<0.001).

Mixed model logistic regression

After adjusting for relevant patientlevel and ICU-level
characteristics in the multivariable analysis, weekend
admission was no longer associated with increased hospital
mortality (OR 1.05, 95% CI 0.99 to 1.11; P=0.095; full
model reported in online supplementary table 2); mixed
effects shown in online supplementary figure 3); centre
effect was markedly present). We present the results of
the effect of weekend admission on hospital mortality
in the several prespecified subgroups in figure 3 and in
online supplementary tables 3-19. A ‘weekend effect’
was apparent for elective surgical admissions (OR 1.34;
95% CI 1.10 to 1.64; P=0.004; figure 3 and online supple-
mentary table 4) and in patients admitted to ICUs without
checklists during the weekends (OR 1.08; 95% CI 1.00 to
1.17; P=0.045; figure 3 and online supplementary table
17). We did not find a statistically significant association

B - Percentage of admission type
according to day of the week
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(A) Number of patients admitted to the ICU at each day of the week. (B) Distribution of admission types at each week

between other organisational characteristics (nurse/bed
ratio, presence of full-time intensivist coverage or the
number of protocols) and increased mortality in patients
admitted during the weekends.

Scheduled surgical versus unscheduled ICU admissions

We repeated the analyses separately for scheduled
surgical admissions and unscheduled admissions (42977
and 16637 admissions, respectively). Results are shown
in figure 4 and in online supplementary tables 20-37
of the electronic supplementary material. A ‘weekend
effect’ was observed in scheduled surgical admissions.
However, weekend effect was only present on sched-
uled surgical admissions when there was a decrease in
weekend nurse/bed ratio (OR 1.40; 95% CI 1.09 to 1.79,
P=0.008), no weekend checklists (OR 1.41;95% CI 1.09 to
1.83, P=0.009) or a lower number of protocols (OR 1.42;
95% CI 1.06 to 1.89, P=0.018) (figure 4). There was no
‘weekend effect’ in unscheduled admissions.

Propensity score results

Out of the study population, 35440 patients (17720
weekend admissions and 17720 weekdays admissions)
were matched in the propensity score analysis. All
patients admitted on weekend could be paired. The
distribution of variables in matched patients stratified
per weekend effect is shown in online supplementary
figure 4. Mortality was 15.5% for patients admitted on
weekdays and 16.1% for those admitted during weekends
(P=0.112).
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Table 1 Comparisons between weekend and weekday admissions

Weekday Weekend P

Patients (n) 41894 17720 -
Age (mean (SD)) 61.99 (19.08) 63.10 (19.81) <0.001
Male (n (%)) 20932 (50.0) 8795 (49.6) 0.466
SAPS 3 (points) (mean (SD)) 42.10 (14.94) 4517 (14.71) <0.001
SOFA score (points) (mean (SD)) 2.31 (3.01) 2.49 (3.15) <0.001
CCI (points) (mean (SD)) 1.42 (1.87) 1.46 (1.91) 0.007
Performance status impairment (n (%)) <0.001

Absent/minor 32107 (76.6) 13079 (73.8)

Moderate 7165 (17.1) 3288 (18.6)

Severe 2622 (6.3) 1353 (7.6)
Hospital LOS before ICU admission (median (IQR)) 0.00 (0.00-1.00) 0.00 (0.00-1.00) <0.001
Admission type (n (%)) <0.001

Medical 26088 (62.3) 13716 (77.4)

Surgical (elective) 13638 (32.6) 2999 (16.9)

Surgical (urgent) 2168 (5.2) 1005 (5.7)
Admission source (n (%)) <0.001

Operating room 13710 (32.7) 3589 (20.3)

Emergency 20498 (48.9) 10813 (61.0)

Ward 2925 (7.0) 1530 (8.6)

Home care 147 (0.4) 70 (0.4)

Other 168 (0.4) 63 (0.4)

Other unit 793 (1.9) 310 (1.7)

Haemodynamic room 1845 (4.4) 284 (1.6)

Other hospital 1495 (3.6) 907 (5.1)

Step down unit 313 (0.7) 154 (0.9)
Sepsis (n (%)) 7272 (17.4) 3834 (21.6) <0.001
Mechanical ventilation on ICU admission (n (%)) 6453 (15.4) 2590 (14.7) 0.016
Mechanical ventilation during ICU stay (n (%)) 7739 (19.1) 3192 (18.7) 0.341
Vasopressors on ICU admission (n (%)) 5371 (12.9) 2260 (12.8) 0.856
Vasopressors during ICU stay (n (%)) 5938 (14.6) 2585 (15.2) 0.102
Renal replacement therapy on ICU admission (n (%)) 1074 (2.6) 597 (3.4) <0.001
Renal replacement therapy during ICU stay (n (%)) 1922 (4.7) 1034 (6.1) <0.001
ICU LOS (median (IQR)) 2.00 (1.00-4.00) 2.00 (1.00-5.00) <0.001
Hospital LOS (median (IQR)) 6.00 (2.00-14.00) 7.00 (3.00-16.00) <0.001
ICU mortality (n (%)) 3790 (9.0) 1918 (10.8) <0.001
Hospital mortality (n (%)) 5691 (13.6) 2863 (16.2) <0.001

CCl, Charlson Comorbidity Index; ICU, intensive care unit; IQR, 25%-75% interquartile range; LOS, length of stay; SAPS, Simplified Acute
Physiology Score; SOFA, Sequential Organ Failure Score.

Change in weekend-weekday mortality regression

After linear regression using the change of weekend to
weekday mortality as dependent variable, only SAPS 3
score and low number of protocols (fewer than eight proto-
cols) were associated with increases in mortality in week-
ends at the ICU level (both P<0.001). There was a trend
for presence of weekend checklists and lower changes in
weekend-weekday mortality (P=0.08). The model R2 was

74.03%, with SAPS 3 being the most important predictor
(66% of all variance), followed by low number of proto-
cols (29%) and presence/absence of weekend checklists
(3%, which was not statistically significant).

Temporal association of organisational features and outcome
The relative contribution of SAPS 3 to hospital mortality
decreased in the first 7 days after ICU admission, while the
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Figure 2 Mortality at each day of the week stratified by

admission type.

relative contribution of number of protocols increased.
The other organisational features remained reasonably
stable. The relative contribution of other organisational
features remained stable (figure 5).

DISCUSSION

In the present study, we provide evidence that, after
proper consideration patients’ characteristics along
with those related to ICU organisation, the association
between admissions during the weekend and patients’
outcomes is weak and probably not relevant in the
scenario of several Brazilian ICUs. However, a residual
‘weekend effect’ might be present for scheduled surgical
patients admitted to ICUs with a disrupted continuity of
care and adherence to best practices. The weekend effect
was therefore seen primarily in hospitals with suboptimal
care processes. Nonetheless, we were not able to defi-
nitely determine whether this adverse impact is explained
by processes of care themselves or a reflection of other
hospital characteristics (eg, quality of surgeons, general
ward care and available resources).

Although previous studies suggested an increase in
mortality in patients admitted during the weekend,4 the
‘weekend effect’ concept has been recently challenged.’
Criticism of reports suggesting the presence of weekend
effectidentified three major pitfalls in analysis: (1) studies
were performed using administrative databases and
might suffer with inconsistent coding, (2) comorbidities
may have not been properly considered and (3) Illness
severity might not be adequately accounted for. Black®
cited three studies in which, after correction of these
issues, the ‘weekend effect’ was no longer significant.

In the present analysis, we intended to overcome the
limitations summarised by Black.® We based our anal-
ysis on a quality improvement administrative database
that considers International Classification of Diseases
(ICD) coding for diagnosis and that also includes major
predefined medical diagnosis.'" This database includes
robust prospective clinical data collected at the bedside
and not only administrative and/or procedures notes. We
also considered the presence of comorbidities and base-
line health status by adjusting for CCI and to performance
status impairment.14 15 Finally, severity of illness admis-
sion was assessed using well validated and widely accepted
scores of severity of illness and organ failure."* ' * Our
work does not corroborate with the hypothesis that the
‘weekend effect’ is a universal feature in the ICUs. This
was highlighted by both the main mixed regression model
and by the propensity score analysis performed. In fact,
when only unscheduled admissions were considered, no
evidence of weekend effect was found regardless of the
presence/absence of organisational features in the ICU;
this is in accordance with recent reports the of absence of
the weekend on unplanned ICU admissions.”’ We could
find evidence of a weekend effect only in secondary
subgroup analyses, suggesting that it might be restricted
to scenarios when there is a break in continuity of care

All Patients

Admission Type

Medical

Surgery (elective)

Surgery (urgent)

lliness Severity

SAPS3, Q1

SAPS3, Q2

SAPS3, Q3

SAPS3, Q4

Other Subgroups

Sepsis

Mechanical Ventilation
Organisational Features
Weekend Nurse Decrease

No Weekend Nurse Decrease
Full-Time Intensivist Coverage
No Full-Time Intensivist Coverage
Weekend Checklist

No Weekend Checklist

Less than 8 Protocols

At least 8 Protocols _
0.50 075 100 1.25 15017200
OR; 95% CI

Figure 3 Forest plot for the OR and 95% CI for the
association between weekend admission and hospital
mortality in the whole population (upper line) and in selected
subgroups (see main text for details). SAPS, Simplified Acute
Physiology Score.
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organisational factors are presented.

during weekends, specifically the absence of patient-cen-
tred checklists' '° or for schedule admissions.

The case for worse outcomes in elective surgical admis-
sions on weekends is complex, with both ICU and hospital
features being able to explain, at least partly, this associ-
ation.”” ** Differences in surgical care on weekends may
play an important role. For example, early recognition
and treatment of surgical complications may be delayed
on weekends and even the adopted surgical procedure
may be different for similar scenarios during week-
ends.?*® In this way, checklists may aid at prompt recogni-
tion of complications (both clinical® and surgicall)27 and
improve adherence to daily goals of care.” Higher nurse
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staffing may also aid at reducing postoperative complica-
tions.'” In our analysis, there was no statistically signifi-
cant weekend effect in scheduled surgical admissions in
units that did not have a decrease in nurse/bed ratio on
weekends or that applied checklists on weekends, thereby
corroborating to this concept.

Interestingly, several factors potentially related to worse
care on weekends did not reach statistical significance in
the whole studied population. Despite the rationale for
increased mortality when there is a decrease in nurse/
bed ratio during weekend? or when there is an absence of
full-time intensivist coverage,?’O we did not find evidence
of weekend effect in both scenarios when all admissions

Full-time Intensivist Coverage
Low Nurse:Bed
Protocols

SAPS

bR 6

Weekend Checklist

Days after admission

Figure 5 Relative contribution of illness severity (SAPS 3) and organisational factors in sequential daily random forest
models. The relative contribution was defined as the percentage of mean decrease in Gini statistics at each model. Note how
the relative importance of iliness severity decreases during the first 7 days and how the importance of number of protocols

increases. SAPS, Simplified Acute Physiology Score.
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types were considered. It is conceivable that well-struc-
tured ICUs with weekend checklists and protocols would
be less susceptible to the variation in care driven by the
decrease in staff during weekends, thereby mitigating the
effect of the latter on mortality. This was only apparent for
scheduled surgical admissions in our analysis. However,
when we evaluated changes in mortality in weekends
versus weekday at the ICU level using a linear model, a
low number of protocols was the stronger organisational
predictor of increase in mortality on weekends. It should
be acknowledged that multiple interactions between
organisational features could be expected and that some
of the absence of statistically significant findings could be
due to Simpson’s paradox.

For patients admitted on weekends, we found that the
LOS ICU could modulate the association between organ-
isational features and outcome, as shown in figure 5. As
expected, illness severity as measured by SAPS 3 score was
the most important factor associated with mortality, but
its relative contribution decreased during the first 7 days,
while the relative contribution of number of protocols
increased. The other organisational features remained
reasonably stable. This suggests that the main determi-
nant of mortality is a global individual marker of illness
severity (as expected) and that the more a patient stays
in the ICU, the higher the association between number
of protocols and outcome. Interestingly, protocols were
also the only variable associated with reduced change in
mortality during weekends in the ICU-level linear model.
Future studies that assess organisational features and
outcome in the ICU should also consider that organisa-
tional features may be more important for patients with
prolonged ICU LOS.

Our analysis has several constraints. First, the large
number of secondary analyses and models built could
increase type 1 error due to overtesting. Additionally,
the large sample size may also facilitate observing statis-
tical significant results that may not be clinically relevant.
Therefore, our results and especially our subgroup analyses
should be considered exploratory and interpreted in the
context of multiple models where some groups had small
number of patients. It is important to highlight, however,
that trends were constant during all analysis performed. We
nevertheless advice caution when interpreting our results,
especially the effects size reported. Second, although
the large number of ICUs involved, our results refer to a
selected sample of units from a single country and caution
is needed when generalising to other settings. Third, most
patients were mostly admitted to private units and had
a medium-low illness severity, thereby resulting in a low
average mortality. However, no weekend effect was demon-
strated in the subgroup analysis per the severity of illness
and in septic or mechanically ventilated patients. Fourth,
the low nurse/bed ratio reported is common in Brazil and
are in accordance with local regulations that stipulate up to
10 beds per nurse in the ICUs but limits its generalisation
to different European and North American settings. Fifth,
we were unable to assess interactions between the several

organisational features. Frequently several organisational
features occur together and may have synergistic (or even
antagonist) effects that should be properly explored in the
future. Sixth, we only assessed ICU organisational factors;
structure, organisational and staffing patterns at the emer-
gency departments and wards may also play an important
role in determining hospital outcome. Finally, we did not
assess other relevant outcomes such as readmissions and
longer follow-up mortality, and multiple imputation was
used to correct for an important patient variable (perfor-
mance status).

CONCLUSION

After considering an appropriate disease coding and
accounting for comorbidities, illness severity and ICU
organisation characteristics, we did not observe worse
outcomes in patients admitted to ICUs during week-
ends. Nonetheless, a ‘weekend effect” might still occur
in scheduled surgical admissions, especially in ICUs with
a decrease in nurse/bed ratio and absence of checklists
during the weekends as well as in ICUs with a low number
of protocols. The ICU LOS potentially modulates the asso-
ciation between organisational features and outcomes in
critically ill patients.
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