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Abstract
Background: There is con�icting evidence on the association between afterhours discharge from the
intensive care unit (ICU) and hospital mortality. We examined the effects of afterhours discharge,
including the potential effect of residual organ dysfunction, on hospital mortality in a large integrated
health region. 

Methods: We performed a multi-centre retrospective cohort study of 10,463 adults discharged from nine
mixed medical/surgical ICUs in Alberta from June 2012 to December 2014. We applied a two-stage
modelling strategy to investigate the association between afterhours discharge (19:00h to 07:59h) and
post-ICU hospital mortality. We applied mixed-effect multi-variable linear regression to assess the
relationship between discharge organ dysfunction and afterhours discharge. We then applied mixed-
effect multi-variable logistic regression to evaluate the direct, indirect and integrated associations of
afterhours discharge on hospital mortality and hospitalization duration.

Results: Of 10,463 patients, 23.7% (n=2,480) were discharged afterhours, of which 27.4% occurred on a
holiday or weekend. This varied signi�cantly by ICU size, type, and site. Patients discharged afterhours
were more likely medical admissions, had greater multi-morbidity and illness acuity. Greater SOFA score
in the 72 hours prior to discharge was not associated with afterhours discharge; however, was associated
with hospital mortality (adjusted-OR 1.23; 95%CI,1.18-1.28). Afterhours discharge was associated with
higher hospital mortality (adjusted-OR 1.19; 95%CI, 1.01-1.39), increased hospital stay (adjusted-OR 1.10;
95%CI,1.09-1.11) and increased post-ICU stay (adjusted-OR 1.16; 95%CI,1.14-1.17).

Conclusions: Afterhours discharge is common, occurring in 1 in 4 discharges, and is widely variable
across ICUs. Patients discharged afterhours have greater risk of hospital mortality and prolonged
hospitalization.

Background
The structure and organization of intensive care unit (ICU) services may exert independent effects on
patient outcomes and health services use. The points of admission, transfer and discharge to and from
ICU represent high-risk periods in the care trajectory of critically ill patients.1 During afterhours periods,
differences in health system structures such as nurse-to-patient ratios, in-house physician coverage, and
availability of multidisciplinary teams may contribute to subtle but clinically important conditions that
modify patient risk.2,3 Similarly, strained ICU capacity may synergistically modify care processes for
discharges that occur afterhours, such as provoking premature discharges prior to resolution of acute
organ dysfunction, and thereby increase patient risk for adverse outcomes.4

Afterhours ICU discharge has shown variable association with patient outcomes.5-13 A recent meta-
analysis inferred that afterhours discharge was associated with higher risk for in-hospital mortality14, an
effect consistent across varying de�nitions of afterhours, patient populations, case-mix, and healthcare
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delivery models. Patient factors, such as age13, chronic diseases5,6,15, residual organ dysfunction8,9, and
limitations in care8,9,12 may also contribute to the higher mortality risk associated with patient discharge
afterhours; however, associations with these factors have been inconsistent.8,9,12

Better understanding of the patient and healthcare system factors predisposing to afterhours discharges
can help identify patients at greater risk and facilitate interventions (i.e., care processes) to mitigate this
risk. Accordingly, we performed a retrospective cohort study to explore the relationship between
afterhours discharge and patient outcomes in a large Canadian health region. We hypothesized that
patient discharges occurring afterhours would be relatively common, would be modi�ed by measures of
strained ICU capacity re�ected in greater unresolved organ dysfunction, and would be associated with
higher mortality.

Methods
This study was approved by the Research Ethics Board at the University of Alberta, Edmonton, Canada
(File # Pro00046184). The need for written informed consent was waived. 

Study Design, Setting, and Population

This was a multi-centre retrospective cohort including all adult patients (n=10,463) surviving to ICU
discharge between June 2012 and December 2014, the period of time during which a large provincial
data extraction for all patients admitted to all ICUs in nine acute care hospitals in Edmonton and Calgary,
Alberta.16 For patients with multiple ICU admissions, only the �rst admission was analyzed. The included
ICUs were nine mixed medical/surgical units with a median [IQR] of 24 [10-28] beds. Two units were
classi�ed as academic/quaternary, two were academic/tertiary units, and �ve were
community/metropolitan units (Table 1). All included ICUs operated with a “closed” model and were
staffed by certi�ed intensivists who are present and available during daytime hours, and available
afterhours on-call.

Data Sources

Data were analyzed from eCritical Alberta, a provincial clinical information system, data warehouse and
clinical analytics system.17eCritical is a bedside interdisciplinary electronic documentation system
(MetaVisionTM, iMDsoft) which captures demographic, diagnostic/case-mix (i.e., comorbidity, diagnostic
classi�cation, surgical status, Acute Physiology and Chronic Health Evaluation [APACHE] II and III score),
Sequential Organ Failure Assessment (SOFA) score, Therapeutic Intervention Scoring System (TISS) 28
score, laboratory, and device data (physiologic monitors, ventilators, renal replacement therapy, use of
vasoactive medications). TRACER is a comprehensive, multi-modal and integrated data repository and
clinical analytics system. The eCritical Alberta system provides high-quality data due to rigorous data
quality assurance and auditing processes and has been used by our team previously in health services
research.4,18-21 There were no missing data elements for our primary exposure and outcome (afterhours
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discharge and hospital mortality, respectively). Missing data for individual variables were <3% and were
not replaced or imputed.

Main Exposure and Outcomes

The primary exposure was afterhours ICU discharge, de�ned as occurring between 19:00-07:59h.5 The
primary outcome was all-cause post-ICU hospital mortality. Secondary outcomes included in-hospital
mortality within 3 days, 7 days, and 14 days of discharge, ICU readmission at 48- and 72-hours, and total
hospital and post-ICU hospital length of stay. Organ dysfunction at the time of ICU discharge was
quanti�ed by the average SOFA score in the 72 hours preceding ICU discharge. Additional variables
included: age, sex, case-mix (e.g., diagnostic classi�cation, surgical status, comorbidities, and Charlson
comorbidity index, use of renal replacement therapy or vasoactive infusions), ICU-care variables (e.g.,
TISS-28 score 72 hours prior to discharge, percentage of days receiving DVT prophylaxis or stress ulcer
prophylaxis, duration of intubation and mechanical ventilation, unplanned extubation) and ICU site (e.g.,
location, hospital type).

Statistical Analysis

Data were initially explored descriptively. Normally or near-normally distributed data were reported as
mean (SD) while non-normally distributed continuous data were reported as median (IQR). Comparisons
were by Student’s T-test or Wilcoxon-Mann-Whitney U-test, respectively. Categorical variables were
reported as frequency (percentage) and compared by Chi-squared test. 

Path-analysis modelling: We proposed a two-stage modelling strategy to evaluate the direct, indirect, and
integrated associations between afterhours discharge, illness severity (e.g., organ dysfunction at ICU
discharge), and hospital mortality (Additional File 1). We used a path-analysis strategy to better explore
hypothesized relationships that may both directly and indirectly modify the potential causal association
between afterhours discharge and in-hospital mortality.4,22-24 First, we used random-effects multi-variable
linear regression to quantify the association between discharge organ dysfunction and afterhours
discharge (Additional File 2). Second, we used random-effects multi-variable logistic regression to
evaluate the association between discharge organ dysfunction and afterhours discharge on hospital
mortality. We assumed that discharge organ dysfunction varied by ICU, so ICU site was used as a
random-effects predictor. A sparse model was created by stepwise variable selection for multi-variable
modelling analyses.25 SAS (release 9.4; SAS Institute, Cary, NC) was used for all modelling analyses.
Finally, we proposed to estimate the integrated effect by combining the direct and indirect effects of
afterhours discharge on hospital mortality, conditional on �nding signi�cant association between
discharge organ dysfunction and afterhours discharge, in simulation experiments (1 million replicates)
via R Core26.4,22 The association between afterhours discharge, discharge organ dysfunction, and lengths
of stay were further evaluated using random-effects multi-variable Poisson regression (Additional Files 3
and 4). 
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Exploratory Subgroup and Sensitivity Analysis: Sensitivity analysis utilized the same modelling process
as our primary analysis, and examined afterhours discharge utilizing different de�nitions of afterhours
discharge (i.e., 19:00-06:59, 19:00-08:59, 19:00-09:59, 20:00-06:59, 21:00-06:59, and 22:00-06:59 and by
ICU site), as well as indicators of strained ICU capacity, afterhours discharge on non-work day, afterhours
discharge when occupancy ≥90%, and afterhours discharge with clustering of admissions ≥2. Clustering
of admissions was de�ned as the number of admissions in the two hours before or after the index
admission, divided by the number of funded ICU beds.16

Results
Afterhours ICU Discharge

A total of 10,463 patients were discharged alive during the study period, of which, 23.7% (n=2,480)
occurred afterhours. The afterhours discharge rates were variable across ICUs, ranging from 9.2% to
32.2% (Figure 1). Of patients discharged afterhours, 27.4% occurred on a holiday or weekend. Afterhours
discharge was more common in academic/teaching ICUs, in larger ICUs and during periods of higher
occupancy (Table 1). Afterhours discharges were also associated with a higher average occupancy and
numbers of daily ICU admissions and discharges (Table 2). Patients discharged afterhours were more
likely to be medical admissions, have higher prevalence of selected comorbid conditions, have higher
admission illness acuity, had received greater organ support, and have higher average daily SOFA and
TISS-28 scores (Table 1).

Association between Afterhours ICU Discharge and SOFA Score

In multivariable analysis, there was no signi�cant association between afterhours ICU discharge and
average SOFA score in the 72 hours prior to discharge (adjusted-odds ratio [OR] 0.97; 95% CI, 0.90-1.04,
p=0.40) (Additional File 1). As such, the indirect effects discharge organ dysfunction, measured by
average SOFA score at ICU discharge, were omitted from the �nal path-analysis model and only the direct
effects are reported.

Association between Afterhours ICU Discharge and Hospital Mortality

Post-discharge hospital mortality was 7.7% (n=803). In multivariable analysis, afterhours ICU discharge
remained associated with increased odds for hospital mortality (adjusted-OR 1.19; 95% CI, 1.01-1.39)
(Table 3; Additional File 2; Table 4). Several factors, including age, medical diagnosis, neurological
diagnosis, admission APACHE II score, and average SOFA score in the 72 hours prior to discharge were
independently associated with hospital mortality.

Association between Afterhours ICU Discharge and ICU Readmission and Lengths of Stay

Readmission at 48 and 72 hours occurred in 0.9% (n=95) and 1.5% (n=156) of ICU discharges,
respectively. There were no signi�cant differences in readmission rates by ICU discharge time (Table 3;
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Additional Files 4 and 5). Afterhours ICU discharge was associated with longer total hospital and post-ICU
hospital lengths of stay (Table 3). The association with longer total and post-ICU hospital stay remained
signi�cant in multivariable analysis (Supplementary Tables 2 and 3).

Exploratory Subgroup and Sensitivity Analysis

There were no differences in hospital mortality strati�ed by ICU type (Table 5). Exploratory analyses of
the direct effects of afterhours discharge showed no substantial evidence with time of death in
multivariable adjustment (Additional Files 6-9). 

Discussion
We performed a multi-centre cohort study to describe the incidence, correlates and outcomes associated
with patient discharges from the ICU occurring afterhours. We found approximately 1 in 4 patients were
discharged afterhours, though we found wide variability in rates across ICUs. Patients supported in
academic/teaching ICUs, in ICUs with greater occupancy and in ICUs with higher average number of daily
discharges were more likely to be discharged afterhours. These patients were also more likely to be non-
surgical, have a greater burden of chronic disease and have greater illness acuity and organ support
during ICU admission. We also found that patients who experienced discharge from ICU afterhours had
greater risk for hospital mortality and longer duration of hospitalization, but no greater risk for early ICU
readmission. We suggest that such adverse outcomes may be time- and/or context-sensitive and
in�uenced substantially by factors that are not patient-related. These observations contribute additional
knowledge to the growing body of literature to suggest that ICU organization and the process of care
transitions occurring afterhours may potentially modify patient outcomes and health services utilization.

Context with Prior Literature

The afterhours ICU discharge of patients appears to be an omnipresent practice, occurring with greater
frequently in our large Canadian health region than described in other jurisdictions6-10,12,15 and exhibiting
an increasing trend over time.5,27 Afterhours discharges would appear predominantly driven by trends in
larger academic/tertiary hospitals. This practice would be acceptable to patients, their families and
healthcare professionals provided it is organized, planned and proven safe1; however, this is not
supported by evidence. It remains unclear whether the process of afterhours care transitions is embedded
in policy or whether this is more a consequence of changing acute care services delivery and strained
hospital occupancy.

Prior studies have shown con�icting association between afterhours discharge and adverse patient
outcomes; however, studies varied markedly in design, setting, case-mix, de�nitions of afterhours, health
systems organization, and analytic approach.5,7-12,14,15,28 Consistent with prior work, our study including
all ICUs in an large integrated health region, found selected patient-related factors portend greater
mortality risk with afterhours discharge including multi-morbidity, illness acuity and medical
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admission.5,6,15 Unresolved or residual organ dysfunction at the time of ICU discharge has shown greater
susceptibility to mortality and/or ICU readmission and may be suggestive that such discharges are
“premature”.5,15,29,30 In a retrospective single centre study, patient discharged afterhours were found to
have greater APACHE II scores upon transfer.8 In this study, higher acuity was not associated with
mortality; however, few patients (only 3.6%) were discharged afterhours. In contrast, in a multi-centre
study, greater residual organ dysfunction at ICU discharge, as measured by SOFA score, speci�cally
neurological and kidney dysfunction, was associated with increased hospital mortality.29 In our study,
average SOFA score in the 72 hours prior to discharge was marginally higher for those discharged
afterhours and did show association with greater hospital mortality. However, in multivariable analysis,
discharge organ dysfunction did not show association with being discharged afterhours.

There is likely no patient-centered rationale for an ICU-to-ward transfer to occur afterhours, except
perhaps when it facilitates a shift to palliative end-of-life care in a more suitable environment and when
death would be expected.6 This is indirectly supported by a large prospective study suggesting no effect
of afterhours discharge on risk of hospital mortality after adjustment for “orders to limit medical care.”12

Indeed, limitations of medical therapy at ICU discharge (i.e., not for ICU readmission) may be a
confounder of the association of afterhours discharge and hospital mortality during lower ICU occupancy
and during workdays, as shown in our study. It is probable the practice of afterhours discharge is mainly
propelled by ICU and hospital capacity-related issues.31,32 These may include no ward bed availability
during daytime hours and delays in planned transfers or conditions of strained ICU capacity prompting
unplanned (“premature”) discharges.6,12

Limitations

While our study was large, multi-centric and leveraged prospectively collected and robust patient ICU-level
data, it does have limitations. First, despite a proposed path-analysis and multi-variable adjustment, our
study remains susceptible to residual confounding. Second, we were not able to capture speci�c
information on the “reasons” for ICU discharge afterhours and have indirectly inferred whether this may
have been attributable to strained ICU conditions. Similarly, we did not have data on whether hospital
wards were experiencing strained capacity at the time of ICU discharge. Third, we did not have data on
the goals-of-care status for patients at the time of ICU discharge. While a prior study found limitations of
medical therapy confounds the association of afterhours discharge and mortality12; other studies have
found that strained ICU capacity was associated with reduced time to initiating limitations of medical
therapy (i.e., do-not-resuscitate) in ICU22 and increased likelihood of changing goals of care for
deteriorating patients on the ward.33 Finally, the ICU readmission rate in our study was notably low and
was not found to be substantially different by ICU discharge time; however, we recognize that ICU
readmission may have limitations as a quality indicator due to challenges in adjudicating whether
readmissions were avoidable.34

Implications for Policy
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The practice of afterhours discharge is modi�able and has been identi�ed as a key quality and
performance indicator for measuring, monitoring and benchmarking both within and between
institutions.35 Some have suggested that afterhours discharge be reportable as an adverse event.36

Regardless, as with any quality indicator, ICUs should undertake root cause analyses to understand the
circumstances for their rates of afterhours discharge, given its robust association with mortality. We
submit that hospitals should aim to develop policy, guidelines and/or procedures to avoid unwarranted
afterhours discharge and to mitigate unnecessary risks to patients who happen to experience ICU
discharge afterhours.

Conclusions
Afterhours discharge is common, occurring in 1 in 4 discharges, has shown increasing trends, and is
widely variable across ICUs. Patients discharged afterhours have greater risk of hospital mortality and
prolonged hospitalization. ICU-to-ward discharges occurring afterhours are modi�able care processes and
may be more driven by issues of health system organization rather that patient-speci�c factors. These
data should reinforce the value measuring afterhours discharges, of developing standard policy and
procedures, and for identifying patient most at-risk of potentially avoidable harm attributed to afterhours
discharge.
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Characteristic Total

(n=10,463,
100%)

Workhours

(n=7,983,
76.3%)

Afterhours

(n=2,480,
23.7%)

p-
value

Age, median (IQR) 58.0 (44.0-
69.0)

58.0 (44.0-
69.0)

59.0 (46.0-
69.0)

0.21

Age category, n (%)       0.98

      <65 years 6,774 (64.8) 5166 (64.7) 1608 (64.9)  

      65-74 years 2,019 (19.3) 1547 (19.4) 472 (19.1)  

      75-84 years 1,369 (13.1) 1041 (13.1) 328 (13.2)  

      ≥85 years 296 (2.8) 226 (2.8) 70 (2.8)  

Sex, n (%)       0.10

      Female 4,347 (41.6) 3281 (41.1) 1066 (43.0)  

System, n (%)       0.07

      Cardiovascular 1,496 (14.4) 1117 (14.1) 379 (15.4)  

      Gastrointestinal 1,700 (16.4) 1295 (16.3) 405 (16.5)  

      Genitourinary 423 (4.1) 328 (1.1) 95 (3.9)  

      Hematology 52 (0.5) 41 (0.5) 11 (0.5)  

      Metabolic/Endocrine 238 (2.3) 181 (2.3) 57 (2.3)  

      Musculoskeletal/Skin 443 (4.3) 350 (4.4) 93 (3.8)  

      Neurologic 1,648 (15.9) 1211 (15.3) 437 (17.8)  

      Respiratory 3,176 (30.6) 2456 (31.0) 720 (29.2)  

      Transplant 126 (1.2) 99 (1.3) 27 (1.1)  

      Trauma 1,087 (10.5) 849 (10.7) 238 (9.7)  

Surgery, n (%)       <0.001

      Elective 1,183 (11.3) 967 (12.1) 216 (8.7)  

      Emergent 1,827 (17.5) 1419 (17.8) 408 (16.5)  

      Non-operative 7,451 (71.2) 5597 (70.1) 1856 (74.8)  

Class, n (%)       <0.001

      Medical 5,985 (57.2) 4535 (56.8) 1450 (58.5)  

      Neurological 678 (6.5) 450 (5.6) 228 (9.2)  
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      Surgical 2,855 (27.3) 2273 (28.5) 582 (23.5)  

      Trauma without head injury 607 (5.8) 470 (5.9) 137 (5.5)  

      Trauma with head injury 338 (3.2) 255 (3.2) 83 (3.4)  

Comorbidity disease, n (%)        

     Chronic Dialysis 350 (3.4) 240 (3.0) 110 (4.4) <0.001

     Hepatic 882 (8.4) 650 (8.1) 232 (9.4) 0.06

     Neurologic 4,213 (40.3) 3114 (39.4) 1069 (43.1) 0.001

     Acute Immunode�ciency
Syndrome

51 (0.5) 37 (0.5) 14 (0.6) 0.53

     Chronic Heart Failure 582 (5.6) 430 (5.4) 152 (6.1) 0.16

     Respiratory 1,174 (11.2) 912 (11.4) 262 (10.6) 0.24

    
Metastatic/Leukemia/Lymphoma

621 (5.9) 484 (6.1) 137 (5.5) 0.32

     Immune Suppression 877 (8.4) 643 (8.1) 234 (9.4) 0.03

     Diabetes 1,891 (18.1) 1414 (17.7) 477 (19.2) 0.09

     Cirrhosis 584 (5.6) 427 (5.4) 157 (6.3) 0.06

     Cardiovascular 4,478 (42.8) 3347 (41.9) 1131 (45.6) 0.001

     Digestive 1,764 (16.9) 1330 (16.7) 434 (17.5) 0.33

     Acute Renal 2,166 (20.2) 1549 (19.4) 567 (22.9) <0.001

Charlson Index,

     Median (IQR)

     Mean (SD)

     ≥ 1, n (%)

 

1.0 (0.0-2.0)

1.2 (1.8)

3507 (33.5)

 

1.0 (0.0-2.0)

1.2 (1.2)

2640 (33.1)

 

1.0 (0.0-2.0)

1.3 (1.2)

867 (35.0)

 

0.002

0.002

0.08

Admission APACHE II score, mean
(SD)

18.9 (7.7) 18.8 (7.7) 19.4 (7.6) <0.001

#Percent Days on DVT prophylaxis,

      median (IQR)

      mean (SD)

     ≥ 95%, n (%)

 

100 (100-100)

93.4 (16.2)

8031 (76.8)

 

100 (100-100)

94.1 (15.2)

6320 (79.2)

 

100 (88.9-100)

90.9 (19.1)

1711 (69.0)

 

<0.001

<0.001

<0.001

# Percent Days on PUD
prophylaxis,   

 

100 (92.3-100)

 

100 (95-100)

 

100 (87.5-100)

 

<0.001
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      median (IQR)

      mean (SD)

     ≥ 95%, n (%)

92.3 (16.8)

7646 (73.1)

92.9 (15.9)

5980 (74.9)

90.2 (19.5)

1666 (67.2)

<0.001

<0.001

Vasoactive infusion, n (%) 3977 (38.0) 2997 (37.5) 980 (39.5) 0.08

Received RRT or dialysis, n (%) 7.9 (6.8) 506 (6.3) 203 (8.2) 0.001

IMV duration*, median (IQR) 1.1 (0.0-4.2) 1.1 (0.0-4.0) 1.3 (0.0-5.0) <0.001

Intubation duration*, median (IQR) 1.0 (0-4.0) 1.0 (0.0-3.8) 1.2 (0.0-4.6) <0.001

Unplanned Extubation, n (%) 254 (2.43) 187 (2.34) 67 (2.70) 0.31

Average SOFA Score, mean (SD)** 4.05 (1.79) 4.02 (1.74) 4.14 (1.96) <0.001

Average TISS-28 Score, mean
(SD)**

23.91 (6.32) 23.88 (6.32) 24.01 (6.29) <0.001

Hospital type       <0.001

      Academic 4,897 (46.8) 3556 (44.5) 1341 (54.1)  

      Tertiary 3,131 (29.9) 2484 (31.1) 647 (26.1)  

      Community 2,435 (23.3) 1943 (24.34) 492 (19.8)  

ICUs, n (%)       <0.001

      Academic 1 2,552 (24.4) 1731 (21.7) 821 (33.1)  

      Academic 2 2,345 (22.4) 1825 (22.9) 520 (21.0)  

      Tertiary 1 1,695 (16.2) 1485 (18.6) 210 (8.5)  

      Tertiary2 1,436 (13.7) 999 (12.5) 437 (17.6)  

      Community 1 1,072 (10.3) 825 (10.3) 247 (10.0)  

      Community 2 581 (5.6) 442 (5.5) 139 (5.6)  

      Community 3 292 (2.8) 265 (3.3) 27 (1.1)  

      Community 4 253 (2.4) 197 (2.5) 56 (2.3)  

      Community 5 237 (2.3) 214 (2.7) 23 (0.9)  

ICU size, median (IQR) 24.0 (10.0-
28.0)

24.0 (10.0-
28.0)

26.0 (18.0-
28.0)

<0.001

Bed occupancy at admission        

     Rate, median (IQR) 85.7 (76.0-
92.3)

85.7 (75.0-
92.3)

87.5 (79.2-
92.9)

<0.001

     Occupancy Rate ≥ 90% 3,501 (34.3) 2581 (33.2) 920 (37.6) <0.001
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De�nition of abbreviation: APACHE=Acute Physiologic Assessment and Chronic Health Evaluation;
DVT=deep vein thrombosis; ICU=intensive care unit; IMV=invasive mechanical ventilation;
IQR=interquartile range; PUD=peptic ulcer disease; RRT =renal replacement therapy; SD=standard
deviation; SOFA=Sequential Organ Failure Assessment; TISS=Therapeutic Intervention Scoring
System.

*Both IMV duration and intubation duration were measured in 1000 minutes.

**Average SOFA/TISS-28 score was patient average SOFA score on his/her whole period in ICU.

#Days on DVT/PUD was a percentage of days on DVT/PUD prophylaxis over total days in ICU.

Table 2 ICU characteristics on the day of discharge, strati�ed by workhours or afterhours discharge.

Effect Total
(n=10463)

Workhours
(n=7983)

Afterhours
(n=2480)

p-
value

Average occupancy rate* (%)       <0.001

Median (IQR) 84.2
(73.8-
90.5)

83.6 (72.6-
90.2)

85.7
(76.2-
91.2)

 

Mean (SD) 80.1
(15.6)

79.5
(16.0)

81.9
(14.2)

 

Number of admissions* (n)       <0.001

Median (IQR) 3 (1-4) 3 (1-4) 3 (2-4)  

Mean (SD) 2.9 (1.9) 2.9 (1.9) 3.0 (2.0)  

Number of discharges (n)       0.001

Median (IQR) 3 (2-5) 3 (2-4) 3 (2-5)  

Mean (SD) 3.4 (1.7) 3.4 (1.7) 3.5 (1.8)  

Average admission APACHE II score       0.42

Median (IQR) 18.5
(15.5-
21.8)

18.5 (15.6-
21.8)

18.5
(15.5-
21.7)

 

Mean (SD) 18.6 (5.2) 18.7 (5.1) 18.6 (5.2)  

De�nition of abbreviation: APACHE=Acute
Physiologic Assessment and Chronic Health
Evaluation; IQR=interquartile range; SD=standard
deviation

*All values reported with an asterisk are as of the
patient’s day of discharge; i.e. average
occupancy rate on patient’s day of discharge. 
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Table 3 Unadjusted hospital mortality for patients surviving to ICU discharge, ICU readmission, hospital
LOS, and post-ICU LOS, strati�ed by workhours or afterhours discharge.
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Effect Total
(%)

Workhours
n (%)

Afterhours
n (%)

p-
value

Hospital mortality, after ICU discharge 803
(7.7)

580 (7.3) 223 (9.0) 0.005

Hospital mortality within 3 days, after ICU
discharge

193
(1.8)

135 (1.7) 58 (2.3) 0.04

Hospital mortality within 7 days, after ICU
discharge

325
(3.1)

230 (2.9) 95 (3.8) 0.02

Hospital mortality within 14 days, after ICU
discharge

469
(4.5)

343 (4.3) 126 (5.1) 0.01

ICU Readmission within 48 hours 95 (0.9) 68 (0.9) 27 (1.1) 0.28

ICU Readmission within 72 hours 156
(1.5)

116 (1.5) 40 (1.6) 0.57

ICU length of stay (days)        

ICU Alive – Mean (SD) 6.3 (8.4) 6.2 (8.2) 6.7 (8.7) <0.001

Median (IQR) 3.8 (1.9-
7.5)

3.7 (1.9-
7.2)

4.0 (2.0-
8.2)

 

ICU length of stay ≥ 7 days, n (%)        

Hospital Alive 2490
(88.9)

1846
(89.4)

644 (87.4) 0.14

Hospital Dead 312
(11.1)

219 (10.6) 93 (12.6)  

Hospital length of stayb (days)        

Hospital Alive – Mean (SD) 28.2
(42.4)

27.1
(41.9)

31.8
(43.9)

<0.001

Median (IQR) 14.0
(7.0-
31.0)

14.0 (7.0-
29.0)

16.0 (8.0-
36.0)

 

Hospital Dead – Mean (SD) 46.1
(65.3)

46.2
(66.3)

45.8
(62.6)

0.93

Median (IQR) 26.0
(13.0-
55.0)

26.0 (13.0-
54.0)

26.0
(12.0-
57.0)

 

Post-ICU length of stayb (days)        

Hospital Alive – Mean (SD) 19.2
(35.0)

18.3
(34.6)

22.2
(36.4)

<0.001

Median (IQR) 8.0 (2.9-
19.2)

7.9 (2.8-
18.9)

9.5 (3.7-
22.7)
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Hospital Dead – Mean (SD) 25.9
(50.4)

25.4
(49.4)

27.2
(53.0)

0.99

Median (IQR) 10.2
(3.3-
27.9)

10.1 (3.3-
28.9)

10.3 (2.9-
27.7)

 

De�nition of abbreviation: IQR=interquartile range;
LOS=Length of Stay; SD=standard deviation

a Survival status in ICU.

b Survival status in hospital.

Table 4 Association of afterhours ICU discharge and hospital mortality – multivariate analysis with full
adjustment.
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Effect Unadjusted-OR

(95% CI)

Adjusted-OR

(95% CI)

p-value

Intercept     <0.001

Afterhours Discharge (19:00h-07:59h) 1.15 (0.99, 1.34) 1.19 (1.01, 1.39) 0.04

Age      

Age <65 years Reference Reference  

Age 65-74 years 2.39 (2.00, 2.85) 1.97 (1.63, 2.38) <0.001

Age 74-84 years 3.73 (3.13, 4.44) 3.10 (2.55, 3.76) <0.001

Age ≥85 years 6.23 (4.84, 8.03) 5.53 (4.22, 7.26) <0.001

Hospital type      

Academic Reference Reference  

Community 2.71 (2.24, 3.27) 3.91 (2.15, 7.16) 0.009

Tertiary 1.62 (1.39, 1.90) 1.75 (0.88, 3.46) 0.19

System      

Cardiovascular Reference Reference  

Gastrointestinal 1.10 (0.89, 1.36) 1.10 (0.86, 1.40) 0.44

Genitourinary 0.52 (0.34, 0.81) 0.52 (0.33, 0.83) 0.006

Hematology 0.77 (0.32, 1.88) 0.77 (0.28, 2.10) 0.60

Metabolic/Endocrine 0.27 (0.13, 0.58) 0.46 (0.22, 1.00) 0.05

Musculoskeletal/Skin 0.69 (0.48, 1.00) 1.16 (0.79, 1.71) 0.44

Neurologic 0.44 (0.34, 0.58) 0.55 (0.39, 0.78) 0.001

Respiratory 0.75 (0.61, 0.92) 1.05 (0.84, 1.30) 0.68

Transplant 0.22 (0.08, 0.58) 0.32 (0.11, 0.91) 0.03

Trauma 0.25 (0.17, 0.35) 0.58 (0.34, 0.98) 0.04

Surgery      

Non-operative Reference Reference  

Elective surgical 0.42 (0.31, 0.56) 0.46 (0.30, 0.69) <0.001

Emergent surgical 0.98 (0.82, 1.17) 0.86 (0.63, 1.17) 0.35

Class      
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Medical Reference Reference  

Neurological 0.83 (0.64, 1.07) 2.17 (1.54, 3.12) <0.001

Surgical 0.82 (0.70, 0.96) 1.43 (1.07, 1.93) 0.02

Trauma without head injury 0.18 (0.11, 0.32) 0.74 (0.36, 1.50) 0.40

Trauma with head injury 0.32 (0.18, 0.56) 1.09 (0.53, 2.27) 0.81

Comorbidity      

Hepatic 1.54 (1.25, 1.90) 0.79 (0.60, 1.05) 0.10

Neurologic 1.25 (1.08, 1.43) 1.20 (1.01, 1.42) 0.04

Respiratory 1.81 (1.51, 2.18) 1.53 (1.25, 1.87) <0.001

Metastatic/ Leukemia/Lymphoma 1.83 (1.48, 2.27) 1.63 (1.28, 2.06) <0.001

Immune Suppression 1.65 (1.36, 2.02) 1.49 (1.19, 1.86) <0.001

Diabetes Mellitus 1.76 (1.51, 2.06) 1.30 (1.10, 1.53) 0.002

Cirrhosis 2.23 (1.81, 2.76) 2.18 (1.66, 2.88) <0.001

Admission APACHE II score 1.08 (1.07, 1.09) 1.02 (1.02, 1.03) 0.002

Invasive Ventilation 1.01 (1.01, 1.02) 1.02 (1.01, 1.03) <0.001

Intubation 1.03 (1.02, 1.04) 1.02 (1.01, 1.04) 0.01

Average SOFA score 72 hours before discharge 1.26 (1.23, 1.30) 1.23 (1.18, 1.28) <0.001

Table 5 Strati�ed analysis of the association between afterhours discharge and hospital mortality across
selected exploratory subgroups – multivariate analysis with full adjustment.
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Scenarios #
observations§

Unadjusted
OR (95% CI)

Adjusted-OR
(95% CI)

p-
value

Holiday/weekend        

Workdays 7595 1.24 (1.04,
1.48)

1.24 (1.04-
1.48)

0.02

Holiday/weekend 2868 0.85 (0.60,
1.20)

0.91 (0.64-
1.31)

0.63

ICU occupancy prior to discharge        

Occupancy ≥ 90% 4919 1.05 (0.81,
1.35)

1.07 (0.85-
1.34)

0.58

Occupancy < 90% 5544 1.21 (0.99,
1.47)

1.26 (1.01-
1.58)

0.04

Clustering of ICU admission within 2
hours of discharge time

       

With clustering admission (≥2) 1354 0.96 (0.64,
1.45)

1.00 (0.65-
1.54)

1.00

Without clustering admission (<2) 9093 1.19 (1.01,
1.41)

1.19 (1.00-
1.41)

0.05

Note: Estimate (SE) = estimated effect (standard error) of the exposure (afterhours discharge) on hospital
mortality; OR (95% CI) = odds ratio (95% con�dence interval) of the estimate effect.

Figures
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Figure 1

Proportion of discharges occurring afterhours, strati�ed by ICU (descending order).
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Figure 2

Proportion of patients discharged from ICU, strati�ed by hour. LEGEND: Red bars represent afterhours
discharge and Blue bars represent daytime discharge.
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