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Keywords:
 Purpose: Discharge from an intensive care unit (ICU) during the night is an independent risk factor for adverse
outcomes. A quality improvement project was conducted with the aim of reducing the incidence and the
associated mortality after night-time discharge.
Materials and methods: ICUs that submitted data to the Swedish Intensive Care Registry (SIR) agreed to appoint
night-time discharge as a national quality indicator with detailed public display on the internet of various
discharge proportions and outcomes. The registry was then examined for trends during a 10-year period with
use of multilevel mixed-effects models.
Results:Weanalysed 163,371patientswhowere discharged alive from70 ICUs to a generalwardwithin the same
hospital during 2006–2015. The prevalence of night-time discharge fell from 7.0% (95% CI: 5.2 to 8.7%) in 2006 to
4.9% (95% CI: 4.3 to 5.5%) in 2015 (P= .035 for trend). The original increased risk of death within 30 days after
night-time discharge in 2006–2010, OR 1.20 (95% CI: 1.01 to 1.42), disappeared in 2011–2015, OR 1.06 (95%
CI: 0.96 to 1.17).
Conclusions: During the 10-year period of the quality improvement project, the annual prevalence and risk of
death within 30-days after night-time discharge were reduced. The public display and feedback of audit data
could have helped in achieving this.

© 2018 Elsevier Inc. All rights reserved.
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1. Introduction

Discharge of patients from intensive care to general wards during
the night (night-time discharge) has been widely identified as an inde-
pendent risk factor for adverse outcomes, including increasedmortality
[1-3]. In a seminal study, night-time dischargewas found to be associat-
ed with premature discharge from intensive care, possibly leading to
poor quality care and preventable deaths [4]. However, night-time
discharge is not always avoidable, particularly when there is need for
urgent transfer for specialist care, e.g. discharge to another hospital for
neurosurgery. Hence, signs of premature discharge of patients are usu-
ally examined by analysing discharges to a less-intensive level of care,
most often by looking at discharges to general wards within the same
elopment, CFUG, Gävle Sjukhus,
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hospital. While night-time discharge to a general ward is not always
preventable, it is usually believed that thorough risk assessment on
discharge from intensive care and early post-discharge follow-up may
individually or in combination reduce early mortality.

During the Swedish Intensive Care Registry's first five years of
operation (2001–2005), discharge from intensive care units (ICUs) to
general wards was quite infrequent; approximately 5% of discharges
occurred between 10 PM and 7 AM the following morning. However,
night-time discharge was associated with an increased unadjusted
30-day mortality of 9.9% compared to 8.6% if discharged during the
day. Recognizing that time of discharge from the ICU is an important
and modifiable risk factor, the Swedish Intensive Care Registry (SIR)
initiated a national quality improvement (QI) project and assigned
night-time discharge status an intensive care quality indicator, effective
from 2005.

Effective approaches to modify night-time discharge and its un-
wanted outcomes differ, since operating conditions vary across ICUs.
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Fig. 1. Patient flow diagram of the study cohort.
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In the present improvement project, the role of SIR was to collect mea-
sures and provide timely feedback to member ICUs using a public web
portal, which enabled detailed comparisons between ICUs.

The purpose of the present study is to report the quality improve-
ment activities initiated by SIR and examine to what extent these
were followed by changes in night-time discharge and patient survival.
We hypothesized that the activities associated with the assignment of
night-time discharge as a quality indicator reduced the proportion of
night-time discharges and diminished the associated risk when
analysed over a 10-year period (2006–2015).

2. Material and methods

2.1. Context and study cohort

This work was undertaken in Swedish general ICUs that voluntarily
participated in a multidisciplinary audit and benchmarking managed
by SIR. SIR is the only national quality registry for comparative auditing
of intensive care in Sweden [5]. Swedish general ICUs have approxi-
mately 39,000 intensive care admissions to general ICUs annually.

The study cohort was created from adult patients (≥18 yrs.)
discharged alive from the ICU to a general ward within the same hospi-
tal during a 10-year period (Jan 1, 2006, to Dec 31, 2015). We excluded
all patients discharged to any other location. If patients had multiple
admissions in the registry, only the first admission and its following dis-
charge were included for analysis. Patients with missing survival times
and without separate co-morbidity scores were also excluded from
analysis. A patient flowchart is provided in Fig. 1.

Discharges from a few non-member and specialized ICUs were ex-
cluded, leaving data from 70 of 84 Swedish ICUs for analysis (83.3% of
Swedish ICUs). There was a gradual increase in participating ICUs over
time, with 46 ICUs submitting data for at least 8 yrs.

2.2. Intervention

Night-time dischargewas chosen by SIRmembers as one of ten qual-
ity indicators effective fromMarch 17, 2005. Data individual to each ICU
and identifiable by ICU were published with unrestricted public access
(no login needed) for professionals as well as laymen on the SIR open
web portal. Night-time discharge proportions per ICU were openly
displayed, allowing the user to generate groups, choose appropriate
comparators and time periods. Funnel plots and risk-adjusted analyses
identifying individual ICUs were published frequently on the web
page, and ways to reduce the adverse impact of night-time discharge
were regularly discussed at local, regional and national intensive care
meetings and seminars. A qualitymatrixwas constructed that displayed
the standing of all Swedish ICUs (compare Fig. 2).

All ICUs received the same information by mail and through the SIR
official website.We did not examine how the information that was pro-
vided by SIR was processed locally or whether it generated any opera-
tional changes. Since effective approaches to modify night-time
discharge and its unwanted outcomes differed across ICUs, this was
left to be decided in local improvement projects.

2.3. Measures and variables

The night-time discharge definition used by SIR was taken from
Goldfrad and Rowan and was defined as discharge from the ICU be-
tween 10.00 PM and 6.59 AM from the ICU to a general ward in the
same hospital [4]. The proportion of night-time discharges per ICU and
year was the number of night-time discharges to general wards in the
same hospital divided by the total number of discharges to general
wards in the same hospital. The primary outcome measure was yearly
prevalence of night-time discharge. Mortality within 30 days after dis-
charge (30-day post-discharge mortality) was the secondary outcome.
SIR collects a comprehensive dataset of patient and admission
characteristics, including time stamps and discharge destinations
using detailed guidelines. The Acute Physiology and Chronic Health
Evaluation II (APACHE II) model was used to characterize the severity
of illness from 2006 to 2010; the Simplified Acute Physiology 3
(SAPS3) model was introduced in 2008 and used solely from 2011 to
2015 [6,7]. Vital status was added to the registry from the Swedish Pop-
ulation Register using the unique Swedish personal identity number.
We also categorized ICUs depending on which type of hospital they
were located in. Local hospitals are community hospitals with a single
2–6-bedmedical and surgical general ICU, county hospitals are second-
ary referral centres with a single 6–12-bedmedical and surgical general
ICU, and regional hospitals are tertiary referral centres with multiple
general and specialized ICUs.

2.4. Analysis

Normally distributed data are reported as the means with standard
deviations (SD). Non-normally distributed data are reported asmedians
with inter-quartile ranges (IQRs). Categorical values are listed as num-
bers and percentages. Changes in patient characteristics during the
study period were examined with linear regression, and changes over
time in the proportion per ICU of night-time discharges and mortality
were analysed using the non-parametric trend test. Changes over time
in the incidence risk ratio was analysed with a multilevel mixed-effects



Fig. 2. Three examples of publicly accessible data produced online at the Swedish Intensive Care registry (SIR) webpage (showing data from 2008). a: Comparison between the different
intensive care units (ICUs) regarding proportions of night-time discharge to the general ward. b: Funnel diagramwhere the individual ICUs are identified in relation to the national mean
with alert and alarm limits. All ICUs could be identified by name without any restrictions. c: Diagram showing separate ICU (this taken from the southeast region) statuses in relation to
national quality indicators (1−10), number 8 being night-time discharge (NTD). Green indicates fulfilment of the national standard, yellow is inferior to the national standard, red is a
member ICU not submitting data to SIR, and grey shows non-member ICUs. National standards were decided by the SIR board and were usually based on data available in the registry.
The standard for night-time discharge was during the first years set at the 3rd quartile of the previous year.
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Poisson regression. We used two-level logistic regression models
(patients nested within ICUs and ICUs treated as a random factor) ad-
justed for age, comorbidities, circumstances on admission, ICU category
and calendar year to examine the influence of night-time discharge on
mortality. Comorbidities and circumstances on admission were derived
from the APACHE II model for admissions during 2006–2010 and from
SAPS3 for admissions during 2011–2015. Comorbidities were scored
as originally described [6,7]. Circumstances on admission included
acute physiology scores in the APACHE II model and in SAPS3 the resid-
ual score after removing scores for age and comorbidities. Finally, we
performed sensitivity analyses with data from units reporting to SIR
during at least 8 years of the study period.

The results are reported as regression coefficients, incidence risk ra-
tios (IRRs) and odds ratios (ORs), all with 95% confidence intervals (CIs).
The datawere analysed using STATA/SE 14.2 (StataCorp, College Station,
TX, USA). A p-value of b0.05 was considered significant.

The manuscript was composed in accordance with guidelines from
SQUIRE (Standards for QUality Improvement Reporting Excellence) [8].

2.5. Ethical considerations

SIRhas operated since 2001within the legal framework of the Swed-
ish national quality registries [9]. Written informed consent was not
sought, in accordancewith the legal framework. The present study com-
plies with the declaration of Helsinki andwas approved by the Regional
Ethics Review Board as well as by the research committee of the SIR.

3. Results

We identified 163,371 patients who were discharged alive from an
ICU to a general ward within the same hospital during the 10-year
study period (2006–2015); 9675 (5.9%) were discharged between
10.00 PM and 6.59 AM (night-time discharges). The mean age of all pa-
tients was 61.1 years, and 43.9% were women. The mean APACHE II
score was 16.3, and themean SAPS3 score was 48.8. The night-time dis-
charge rate was 5.5% during weeknights and 7.3% during weekends.
Characteristics are shown in Table 1.

The linear regressionmodel indicated that thepatients becameolder
during the study period. Illness severity scores (without age points) and
the predicted mortality calculated from the complete illness severity
scores increased during the last five years. No significant changes
Table 1
Baseline characteristics of the study cohort stratified by time of ICU discharge and time period

Characteristics All patients
n = 163,371

Day time disch
2006-2010
n= 57,984

Female sex, n (%) 71,735 (43.9) 25,375(43.8)
Age, years (mean [SD]) 65 [19] 60.8 [19.0]
Probability of in-hospital death (mean [SD]) a 25.3 [22.0] 25.3 [22.2]
Crude 30-day mortality, n (%) 18,252 (11.2) 6475(11.2)
Comorbid illness, n (%)
None 132,583(81.2) 27,595(80.7)
One or more 30,788 (18.9) 6584(19.3)
Source of admission, n (%)
Emergency department 73,127 (44.8) 25,199 (43.5)
Theatre / Operating Room 23,646 (14.5) 8771 (15.1)
Ward or other hospital 66,598 (40.8) 24,014 (41.4)
Surgery on admission, n (%) 33,684 (20.2) 12,574 (21.7)
ICU LOS, hours (median [IQR]) 25[14–61] 25[15–62]
Weekend discharges 39,202 (24.0) 13,818 (23.8)
Hospital type, n (% of total)
Tertiary Hospital 49,025 (30.0) 16,882(29.1)
County Hospital 73,499 (45.0) 26,729(46.1)
Local Hospital 40,847 (25.0) 14,373(24.8)

SD Standard deviation. LOS length of stay. IQR Inter Quartile Range.
a In percent on admission, calculated from APACHEII 2006-2010 and SAPS3 2011-2015 [6,7]
were found over time for night-time discharges regarding co-morbidity
scores. See Table 2.

We noticed a decrease in the mean annual proportion of night-time
discharge per ICU from7.0% (95% CI: 5.2 to 8.7%) in 2006 to 4.9% (95% CI:
4.3 to 5.5%) in 2015 (P= .035 for trend, Fig. 3, left panel). The decrease
was mirrored by an incidence risk ratio (IRR) per year of 0.97 (95% CI:
0.96 to 0.98, P b .001). Because many ICUs joined the national registry
during the study period, we analysed separately ICUs that participated
in the audit and had entered data for at least 8 years of the 10-year
study period (n=46). The findings were similar; themean annual pro-
portion of night-time discharge was 7.4% (95% CI: 5.6 to 9.1%) in 2006
and 5.0% (95% CI: 4.4 to 5.5%) in 2015 (P = .026 for trend), with an
IRR of 0.97 (95% CI: 0.96 to 0.98, P b .001).

Crude mortality 30 days after night-time discharge was lower than
after day-time discharge during both study periods (Table 1). However,
after adjusting for age, comorbidities, circumstances on admission, type
of hospital and admission year, night-time discharge was associated
with increased 30-day mortality during the first 5 years (2006–2010)
of the improvement project (Table 3). Calendar year appeared to be as-
sociated with reduced post-discharge mortality during the first 5 years,
indicating that mortality decreased with time; the association disap-
peared during the second 5-year period. This agrees with crude annual
mortality rates (Fig. 3, right panel), which showed a decline during
2006–2010. The results were similar when we restricted the analysis
to ICUs that participated during at least 8 years of the 10-year study
period.

4. Discussion

There were two principal findings in this 10-year study of an inten-
sive care quality-improvement project. First, we observed a reduction in
the annual proportion of night-time discharges from ICUs to general
wards. Second, we noted dissociation between night-time discharge
and adjusted 30-days post-discharge mortality, indicating that patient
selection, post-discharge care, or both had improved by the end of the
study period. These important changes followed in time after a cam-
paign was started within the Swedish Intensive Care Registry to reduce
night-time discharges and improve outcome.

Before discussing these results, we need to address some methodo-
logical issues. We defined night-time discharge as the transition from
the ICU to the general ward between 10 PM and 6.59 AM. While recent
studies apply more liberal limits, our definition corresponds well with
. (2006-2010 vs. 2011-2015).

arge Night-time discharge
2006–2010
n = 3726

Day time
discharge
2011–2015
n = 95,712

Night-time discharge
2011–2015
n = 5949

1660 (44.6) 42,047(43.9) 2653(44.6)
56.4 [20.8] 61.7[18.9] 58.0[20.6]
19.3 [20.1] 25.7[22.0] 20.3[19.9]
339 (9.1) 10,877(11.36) 561(9.43)

1695(85.9) 74,644(79.9) 4919(84.9)
278(14.1) 18,743(20.1) 873(15.1)

2090 (56.6) 42,453(44.4) 3385(56.9)
426 (11.4) 13,781(14.4) 668(11.2)
1210 (32.5) 39,478(41.3) 1896(31.9)
573 (15.4) 19,048(19.9) 880(14.8)
8[4–24] 27[16–64] 9[4–25]
1123(30.1) 22,541(23.6) 1720(28.9)

1409(37.8) 28,516(29.8) 2218(37.3)
1718 (46.1) 42,370(44.3) 2682(45.1)
599(16.1) 24,826(25.9) 1049(17.6)

.



Table 2
Changes over time in selected patient characteristics.

Changes over time Daytime 95% CI P-value Night-time 95%CI P-Value

Age 0.26 0.22–0.30 0.000 0.37 0.19–0.54 0.000
APACHEIIa 0.09 −0.20–0.03 0.138 −0.28 −0.75–0.19 0.202
SAPS3b 0.27 0.20–0.34 0.000 0.30 0.05–0.56 0.020
Co-morbiditiesb −0.001 −0.002–0.000 0.077 −0.002 −0.007–0.003 0.476
LOS (hours) 0.37 0.13–0.61 0.002 −0.32 −0.83–0.19 0.223

a2006–2010 b2011–2015 LOS (Length of Stay). Numbers are regression coefficients, CI confidence interval. Comorbidities as declared in SAPS3 [7].
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the typical night-time nursing shift in Swedish hospitals and agrees
with the landmark UK study by Goldfrad and Rowan [4,10,11]. Like
the UK study and a recent study from a large Canadian integrated health
region, we limited our analysis to discharges from the ICU to general
wards in the same hospital [11]. We used the raw scores of two com-
monly applied admission illness severity models to adjust our analyses
because a shift fromone (APACHE II) to the other (SAPS3)was complet-
ed halfway through the study. Because admission status may not corre-
late with discharge status, we decomposed scores into constant (age
and comorbidities) and acute (physiological alterations on admission)
components.

The impetus for this improvement project was early observations
within the registry of increased risk-adjusted mortality after night-
time discharge, as seen in other countries and health care systems. By
emphasizing night-time discharge, SIR and its members sought to de-
crease the incidence and avoid preventable deaths on general wards.
SIR chose to release frequently updated performance data on a public
dynamic web page in addition to supporting member ICUs in their ef-
forts to improve care quality. Public display of qualitymeasures and out-
comes, though sometimes contested, appears to generate activities to
improve quality of care. The feedback inherent in public reporting
seems to be sufficient to stimulate efforts to improve quality [12-16].

The incidence of night-time dischargewas already low at the start of
the campaign compared to international data [2,4]. It is likely that vary-
ing definitions were at least partly responsible for that difference. Obvi-
ously, liberal time limits and inclusion of discharges to destinations
other than a general ward in the same hospital must increase incidence.
Crude mortality was lower for night-time than for day-time discharges
from the start, suggesting that patients having a high probability of
dyingwere not transitioned to general wards during the night. This no-
tion is supported by our findings of higher risk scores in the day-time
discharge group. However, the risk-adjusted analysis of the first study
years indicated that avoidable deaths occurred following night-time
discharge. This was in contrast to the second time period of the study
which showed no significant differences in survival between day- and
Fig. 3. Annual prevalence of night-time discharge (left panel) and mortality rates (
night-time discharges. We used time-fixed mortality end-points to
avoid bias due to different discharge practices, although this hampers
comparison with other studies.

While most prior studies have identified night-time discharges from
the ICU as a major safety issue, few describe changes that occur in the
context of a quality improvement effort. A notable exception is the
study by Gantner et al., who analysed discharges from ICUs in Australia
and New Zealand in a situationwhere the proportion of after-hours dis-
charges was established as a national quality of clinical care indicator
[10]. Their findings, using the large Australian and New Zealand Inten-
sive Care Society adult patient database over a similar time period
(2005–2012), differ fromours in theway that they did not observe a de-
creased proportion nor a reduction of the associated risk of after-hours
discharges.

4.1. Strengths and limitations

This study has a number of strengths. First, it is a large multi-centre
study with an extensive national coverage of ICU admission and dis-
charges. It is current, yet it covers a 10-year long time-span. Second,
the member ICUs were active in the decision to start and design the
campaign to reduce the adverse effects of untimely discharges. The bot-
tom-up approach where stakeholders were influential from the start
and had the possibility to receive timely feedback from the open web
portal was of importance for maintaining momentum over the years.
Third, the study is based on a prospectively collected high-quality clin-
ical database with raw data collection, detailed data validation routines
and an updated illness severity model in place [17]. Fourth, we used
time-fixed endpoints to avoid bias due to regional differences and longi-
tudinal changes in discharge practices.

However, the before-and-after approach limits our ability to infer
that our campaign with publicly displayed outcomes generated the im-
provement [18]. The pragmatic approach was decided early on by the
SIR board because of the perceived urgency to generate improvement.
Strategies were left to be decided and established locally, with no
right panel) during 2006–2015. Values are means (95% confidence intervals).



Table 3
Odds-ratios of risk of dying within 30 days of ICU discharge using nested two-level models with single and multiple explanatory variables. Results reported as Odds Ratio with (95% Con-
fidence Interval).

Model characteristic Single explanatory variable Multiple explanatory
2006-2010a

Multiple explanatory
2011–2015b

Number of patients (ICUs) 163,371 (70 ICUs) 28,738 (33 ICUs) 99,170 (68 ICUS)

Time of discharge
Daytime Reference Reference Reference
Night time 0.82 (0.77–0.88) 1.20 (1.01–1.42)

p= .041
1.06 (0.96–1.17)
p= .246

Age, per year 1.06 (1.06–1.07) 1.07 (1.06–1.07) 1.06 (1.06–1.07)
Comorbidities, per point
APACHE II model 1.23 (1.21–1.25) 1.12 (1.10–1.14) Not applicable
SAPS3 model 1.10 (1.09–1.11) Not applicable 1.08 (1.07–1.08)
Circumstances on admission, per pointc

APACHE II model 1.10 (1.09–1.10) 1.09 (1.08–1.10) Not applicable
SAPS3 model 1.07 (1.06–1.07) Not applicable 1.07 (1.07–1.07)

Hospital type
Local hospital Reference Reference Reference
District general hospital 0.97 (0.84–1.11) 1.24 (0.97–1.59) 1.00 (0.87–1.14)
Regional hospital 0.74 (0.64–0.87) 1.14 (0.88–1.49) 0.94 (0.82–1.09)
Calendar year, per year 1.01 (1.00–1.02) 0.94 (0.89–0.98)

p= .007
0.99 (0.99–1.00)
p= .086

a APACHE II variables.
b SAPS3 variables.
c See methods for details.
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involvement from SIR, and included education and increasing aware-
ness and starting post-discharge outreach services [19]. We excluded
16,710 patients chiefly during 2006 and 2007 because they lacked sep-
arate APACHE II comorbidity scores. As 7% of these admissions were
discharged during the night, the principal finding of a gradual reduction
in night-time discharges were most likely not affected. When we
included these admissions in an adjusted analysis using total APACHE
II scores instead of the decomposed score the association between
night-time discharge and mortality decreased with time during 2006–
2010 as in the original analysis. We lack information on organ dysfunc-
tion at ICU discharge since only a few ICUs submitted organ failure
scores daily. Residual organ dysfunction is a potential mechanism by
which night-time discharge may affect outcome as suggested by
Santamaria et al. [20]. We also lack information on the presence of
treatment limitations among the discharged patients. In theory, if
treatment limitations were more frequent among patients discharged
during the night, this could explain some of the results. We find no
reason to think that the proportion of patients with treatment limita-
tions varied with time of discharge, and there is no evidence that this
should have changed during the 10-year study period. Further analysis
may be warranted given the study from Finland by Uusaro et al., who,
while taking account of whether restrictions for care were applied,
were unable to find an association between the time of discharge
from the ICU and hospital mortality [21]. However, in that study, the
night-time (i.e., out-of-office) window was wider than in our study
(from 16 PM to 08 AM).
5. Conclusion

The present improvement project focused on regular public presen-
tation of outcomes related to night-timedischarges from the ICU to gen-
eralwards in addition to a publicwebpage that provided a large number
of dynamic reports and appropriate comparisons to inform and guide
ICUs in their efforts to improve outcome. Interventions were tailored
locally to address patient-specific and health-system factors that were
thought to contribute to the adverse effects of untimely discharges.
We found that the incidence of night-time discharges was reduced
and that the associated risk of early death after night-time discharge
disappeared over a 10-year period, while the present quality improve-
ment project was started and maintained.
Acknowledgement

On behalf of all authors, the corresponding author states that there is
no conflict of interest. This research did not receive any specific grant
from funding agencies in the public, commercial, or not-for-profit
sectors.

References

[1] Beck DH, McQuillan P, Smith GB. Waiting for the break of dawn? The effects of
discharge time, discharge TISS scores and discharge facility on hospital mortality
after intensive care. Intensive Care Med 2002;28(9):1287–93.

[2] Priestap FA, Martin CM. Impact of intensive care unit discharge time on patient
outcome. Crit Care Med 2006;34(12):2946–51.

[3] Laupland KB, Shahpori R, Kirkpatrick AW, Stelfox HT. Hospital mortality among
adults admitted to and discharged from intensive care on weekends and evenings.
J Crit Care 2008;23(3):317–24.

[4] Goldfrad C, Rowan K. Consequences of discharges from intensive care at night.
Lancet 2000;355(9210):1138.

[5] Registries SNQ. Swedish National Quality Registries. http://www.kvalitetsregister.
se/englishpages.2040.html; 2018, Accessed 27 September 2018.

[6] Knaus WA, Draper EA, Wagner DP, Zimmerman JE. APACHE II: a severity of disease
classification system. Crit Care Med 1985;13(10):818–29.

[7] Moreno RP, Metnitz PGH, Almeida E, Jordan B, Bauer P, Campos RA, et al. SAPS
3—from evaluation of the patient to evaluation of the intensive care unit. Part 2:
Development of a prognostic model for hospital mortality at ICU admission. Inten-
sive Care Med 2005;31(10):1345–55.

[8] Ogrinc G, Davies L, Goodman D, Batalden P, Davidoff F, Stevens D. SQUIRE 2.0
(Standards for QUality Improvement Reporting Excellence): revised publication
guidelines from a detailed consensus process. BMJ Qual Saf 2016;25(12):986–92.

[9] Registries SNQ. Guidance and Recommendations for the Disclosure of
Quality Registry Data for Research. http://kvalitetsregister.se/englishpages/
useregistrydatainyourresearch/quickguideforresearchers.2409.html; 2018, accessed
27 September 2018.

[10] Gantner D, Farley K, Bailey M, Huckson S, Hicks P, Pilcher D. Mortality related to
after-hours discharge from intensive care in Australia and New Zealand, 2005-
2012. Intensive Care Med 2014;40(10):1528–35.

[11] Azevedo LC, de Souza IA, Zygun DA, Stelfox HT, Bagshaw SM. Association between
nighttime discharge from the Intensive Care Unit and Hospital Mortality: a multi-
center retrospective cohort study. BMC Health Serv Res 2015;15:378.

[12] Hibbard JH, Stockard J, Tusler M. Hospital performance reports: impact on quality,
market share, and reputation. Health Aff (Millwood) 2005;24(4):1150–60.

[13] Lindenauer PK, Remus D, Roman S, Rothberg MB, Benjamin EM, Ma A, et al. Public
Reporting and pay for Performance in Hospital Quality Improvement. N Engl J
Med 2007;356(5):486–96.

[14] Marshall M, Davies H. Public release of information on quality of care: how are
health services and the public expected to respond? J Health Serv Res Policy
2001;6(3):158–62.

[15] Kaplan HC, Provost LP, Froehle CM, Margolis PA. The Model for Understanding Suc-
cess in Quality (MUSIQ): building a theory of context in healthcare quality improve-
ment. BMJ Qual Saf 2012;21(1):13–20.

http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0005
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0005
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0005
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0010
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0010
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0015
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0015
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0015
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0020
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0020
http://www.kvalitetsregister.se/englishpages.2040.html
http://www.kvalitetsregister.se/englishpages.2040.html
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0030
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0030
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0035
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0035
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0035
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0035
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0040
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0040
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0040
http://kvalitetsregister.se/englishpages/useregistrydatainyourresearch/quickguideforresearchers.2409.html
http://kvalitetsregister.se/englishpages/useregistrydatainyourresearch/quickguideforresearchers.2409.html
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0050
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0050
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0050
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0055
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0055
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0055
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0060
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0060
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0065
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0065
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0065
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0070
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0070
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0070
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0075
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0075
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0075


13F. Parenmark et al. / Journal of Critical Care 49 (2019) 7–13
[16] Lilford R, Mohammed MA, Spiegelhalter D, Thomson R. Use and misuse of process
and outcome data in managing performance of acute medical care: avoiding institu-
tional stigma. Lancet (London, England) 2004;363(9415):1147–54.

[17] Engerstrom L, Kramer AA, Nolin T, Sjoberg F, Karlstrom G, Fredrikson M, et al. Com-
paring time-fixed mortality prediction models and their effect on ICU performance
metrics using the simplified acute physiology score 3. Crit Care Med 2016;44(11):
e1038–44.

[18] Portela MC, Pronovost PJ, Woodcock T, Carter P, Dixon-Woods M. How to study im-
provement interventions: a brief overview of possible study types. BMJ Qual Saf
2015;24(5):325–36.
[19] Harrison DA, Gao H, Welch CA, Rowan KM. The effects of critical care outreach ser-
vices before and after critical care: a matched-cohort analysis. J Crit Care 2010;
25(2):196–204.

[20] Santamaria JD, Duke GJ, Pilcher DV, Cooper DJ, Moran J, Bellomo R. The timing of dis-
charge from the intensive care unit and subsequent mortality. A prospective, multi-
center study. Am J Respir Crit Care Med 2015;191(9):1033–9.

[21] Uusaro A, Kari A, Ruokonen E. The effects of ICU admission and discharge times on
mortality in Finland. Intensive Care Med 2003;29(12):2144–8.

http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0080
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0080
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0080
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0085
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0085
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0085
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0085
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0090
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0090
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0090
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0095
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0095
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0095
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0100
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0100
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0100
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0105
http://refhub.elsevier.com/S0883-9441(18)30132-1/rf0105

	Reducing night-�time discharge from intensive care. A nationwide improvement project with public display of ICU outcomes
	1. Introduction
	2. Material and methods
	2.1. Context and study cohort
	2.2. Intervention
	2.3. Measures and variables
	2.4. Analysis
	2.5. Ethical considerations

	3. Results
	4. Discussion
	4.1. Strengths and limitations

	5. Conclusion
	Acknowledgement
	References


