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Effects of time and day of admission on the
outcome of critically ill patients admitted to ICU

Jose Orsini, MD*, Salil Rajayer, MD, Noeen Ahmad, MD, Nanda Din, MD,
Joaquin Morante, MD, Ryan Malik, MD and Ahmed Shim, MD

Department of Medicine, New York University School of Medicine, Woodhull Medical and
Mental Health Center, Brooklyn, NY, USA

Background: Studies have shown that patients admitted to hospitals on weekends and after-hours experience

worse outcome than those admitted on weekdays and daytime hours. Although admissions of patients

to intensive care units (ICUs) occur 24 hours a day, not all critical care units maintain the same level of

staffing during nighttime, weekends, and holidays. This raises concerns in view of evidence showing that the

organizational structure of an ICU influences the outcome of critically ill patients. The objective of this study

is to evaluate the effects of day and time of admission to ICU on patients’ outcome.

Methods: A single-center, prospective, observational study was conducted among all consecutive admissions

to ICU in a community teaching hospital during a 4-month period.

Results: A total of 282 patients were admitted during the study period. Their mean age was 59.5 years

(median 59, range 17�96), and the majority were male (157, 55.7%). Mean Acute Physiology and Chronic

Health Evaluation (APACHE)-II score was 18.9 (median 33, range 1�45), and mean ICU length of stay was

3.1 days (median 2, range 1�19). Of the patients, 104 patients (36.9%) were admitted during weekends and

178 (63.1%) during weekdays. A total of 122 patients (43.3%) were admitted after-hours, constituting 68.5% of

all admissions during weekdays. Fifty-six patients (19.9%) were admitted during daytime hours, representing

31.5% of all weekday admissions. Forty-five patients (15.9%) died in ICU. Compared to patients admitted

on weekends, those admitted on weekdays had increased ICU mortality (operating room (OR)�0.437;

95% confidence interval�0.2054�0.9196; p�0.0293).

Conclusion: Admissions to ICU during weekends were not independently associated with increased mortality.

A linear relationship between weekdays and after-hours admissions to ICU with mortality was observed at

our institution.

Keywords: intensive care unit; weekdays; weekends; after-hours; outcome

*Correspondence to: Jose Orsini, Division of Critical Care Medicine, Department of Medicine, New York

University School of Medicine, Woodhull Medical and Mental Health Center, Brooklyn, NY 11206, USA,

Email: jose.orsini@woodhullhc.nychhc.org

Received: 13 September 2016; Revised: 10 November 2016; Accepted: 15 November 2016; Published: 15 December 2016

I
dentification of factors that may influence patients’

outcome at the institutional level is crucial for quality

control purposes and benchmarking. Studies examin-

ing hospital outcome of patients admitted to intensive care

units (ICUs) have suggested an increased mortality in those

admitted after-hours and/or weekends (1�6). Provided

that an adequate staffing and services are maintained, the

timing of ICU admission should not be associated with

mortality. However, only sparse data are available on the

relationship between the time and day of admission and

mortality in ICU, and the few published reports yielded a

contradictory information, perhaps because of differences

in case mixes, staffing levels, and technology available

among different ICUs. These studies have mainly focused

on whether the absence of on-site intensivists after-hours

significantly increases the mortality of patients admitted

to ICU. The Leapfrog Group ICU Standard suggests that

intensivists should be present in the ICU during the

daytime hours, but they are not required to be present

during off-hours provided that pages are returned at least

95% of the time within 5 min and arrangements are made

for a qualified healthcare professional to reach the patient

within 5 min. Since critically ill patients are at a high risk

of adverse outcomes, necessary staffing, diagnostic studies,

and therapeutic procedures ideally should be available at

all times. However, costs pressures and market realities

may lead to decreased staffing during the weekends and

night shifts, which may contribute to poor outcomes in

patients admitted to ICU (7). An increased risk of death

associated with care during different times of the day or
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different days of the week may reflect inconsistencies in the

availability or quality of care, which is a major safety issue

that must be addressed. On the contrary, patients admitted

in the after-hours and weekends may be intrinsically at

higher risk for death by virtue of a different case-mix,

increased severity of illness, or some other unmeasured

factors as compared with patients admitted during the

usual daytime hours and weekdays. A number of factors

have been suggested to influence after-hours and weekends

admission effects not limited to reduced nursing and other

healthcare workers staffing, closed versus open ICU models,

experience and availability of intensivists, and access to

treatments and procedures in the after-hours and weekends

(4, 6, 8�10). Some studies have shown that the availability

of 24-hour ICU coverage by trained intensivists does not

decrease the mortality of patients in ICU (11, 12), while

other reports have suggested better outcomes in critically ill

patients admitted to closed ICUs (13, 14). As the focus

of critical care worldwide is to improve care for critically ill

patients, continued studies of hospital and ICU organiza-

tional and structural factors to improve outcomes for

patients are warranted. The objective of this study is to

determine the effects of admission time and day on patients’

outcome in the ICU in a community, inner-city hospital

with a relatively uniform staffing and availability of diag-

nostic and therapeutic options.

Materials and methods

Study design and patient population

The study has a prospective, observational design. It was

conducted in a general, university-affiliated, community

inner-city hospital located in Brooklyn, New York. The

hospital has a total of 346 beds, distributed among general

internal medicine, general surgery, obstetrics/gynecology,

psychiatry, and pediatrics wards. As per institutional policy,

patients requiring mechanical ventilation and/or vasoactive

therapy should be admitted either to ICU or step-down

unit (SDU). The ICU in our hospital is a medical-surgical

ICU, a closed unit composed of 12 beds with an annual

admission average of more than 600 patients. During day-

time, the nursing:patient ratio in the ICU is 1:2, and it is

maintained irrespective of the day of the week. It drops to

1:3 during night shifts. Respiratory therapists and pharma-

cists are available in-house at all times. Allied healthcare

professionals such as medical students, nutritionists, and

social workers staff the ICU only during weekdays (8 a.m.

to 4 p.m.). The critical care medicine (CCM) service is cons-

tituted by five board-certified intensivists, who provide

16 hours a day in-house coverage that includes weekends

and holidays (8 a.m. to 12 a.m.). The ICU attending

intensivist guides bedside patients’ rounds during daytime,

supervises invasive procedures, writes notes on every patient

on daily basis, and is available for consultations at all times.

A second, shorter round undergoes at 4 p.m., when the

after-hours attending intensivist takes sign-out about the

status of all patients in the ICU. Intensivists are available to

guide patient care by phone from 12 a.m. until 8 a.m., and to

come to ICU as needed. Internal Medicine residents staffed

the ICU at a constant level, 24 hours a day/7 days a week.

A third-year, senior medical resident evaluates all ICU

consultations, and the CCM attending on-duty is required

to assess and/or discuss every patient for whom a consulta-

tion is requested. The CCM team receives notification and

approves all the admissions to the ICU. From 7 a.m. to

7 p.m. (Sundays through Fridays), a third-year resident and

a second-year resident are present in ICU, whereas a second-

year resident and a first-year resident staff the ICU from

7 p.m. to 7 a.m. On Saturdays, a third-year resident and a

second-year resident cover ICU for 24 hours. There are no

standard definitions of ‘weekdays’, ‘weekends’, or ‘after-

hours’ for intensive care practice in the United States, and

previous publications have not used a consistent defini-

tion. For the purpose of this study, weekdays admissions

were those from Mondays through Fridays, and they

comprised daytime admissions (8 a.m. to 4 p.m.) and

nighttime admissions (4 p.m. to 12 a.m., Mondays through

Thursdays). Weekends admissions were defined as admis-

sions to ICU from Fridays to Mondays (4 p.m. to 8 a.m.).

After-hours admissions were those arriving to ICU be-

tween 4 p.m. and 8 a.m., from Mondays through Fridays,

and were divided as nighttime admissions (4 p.m. to 12 a.m.,

Mondays through Thursdays) and late-night admissions

(12 a.m. to 8 a.m., Tuesdays through Fridays).

All adult patients admitted to the ICU during the study

period were enrolled in the cohort. In patients readmitted

to the ICU during the same hospital stay, only data from

the first admission were analyzed. We excluded patients

admitted to SDU, since this treatment area could not

be considered as a standard ICU. Each day, the number

of ICU admissions was recorded. Variables such as age,

gender, patients’ location before arrival to ICU, Acute

Physiology and Chronic Health Evaluation (APACHE)-II

score on admission to ICU, time and day of the week of

arrival to ICU, ICU length of stay (LOS), and outcome

at ICU discharge were prospectively measured and retro-

spectively analyzed. The primary endpoint in this study

was ICU mortality. Using the t-test and analysis of variance

statistical methodology, outcomes at different admission

times and days were examined on a three-group comparison

of weekdays, after-hours, and weekends admissions. Elec-

tronic medical records were reviewed, and clinical informa-

tion was abstracted for each patient. After waiving the

needs for informed consent, Institutional Review Board

approved the study.

Results
A total of 282 patients were admitted to ICU during the

study period. From those, 10 patients (3.5%) were read-

mitted to ICU after being transferred to hospital wards.
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One hundred seventy-eight patients (63.1%) were admitted

during weekdays and 104 (36.9%) on the weekends. Of the

total admissions, 122 patients (43.3%) were admitted after-

hours: 67 patients (54.9%) were admitted during nighttime

and 55 (45.1%) during late-night hours. Fifty-six patients

(19.9%) were admitted during daytime hours. Overall, the

mean age was 59.5 years (median 59, range 17�96), and the

majority of patients were male (157, 55.7%). Two hundred

patients (71%) were admitted from the emergency depart-

ment (ED), 55 (19.5%) were transferred from the hospital

wards, 14 (4.9%) were admitted from operating rooms/

post-anesthesia care unit (OR/PACU), and 13 (4.6%) were

transferred from SDU. Most common days of admissions

to ICU were Wednesdays (50, 17.7%), Fridays (45, 16%),

Mondays (42, 14.8%), and Saturdays (40, 14.1%). Overall,

the mean APACHE-II score was 18.9 (median 33, range

1�45). The mean APACHE-II score of patients admitted

during the daytime hours was 20.3 (median 19, range 6�45;

SD�9.12), and for those admitted during the nighttime

and late-night hours, it was 18.3 (median 17, range 3�39;

SD�8.87) and 20.3 (median 20, range 1�41; SD�9.72),

respectively. There was no statistically significant difference

between APACHE-II scores of patients admitted during

daytime, after-hours, and late-night hours (p�0.37). The

mean APACHE-II score of patients admitted during

weekends was 17.4 (median 17, range 2�38). No significant

statistical difference resulted from the comparison of

APACHE-II scores of patients admitted on weekdays

and weekends (p�0.12). A total of 1,160 ICU days were

utilized during the study period. The mean ICU LOS was

3.1 days (median 2, range 1�19). Patients admitted during

the weekdays required a total of 579 ICU days (mean 3.3,

median 2, range 1�19), while those admitted during the

weekends and after-hours utilized 302 days (mean 2.9,

median 2, range 1�12) and 279 days (mean 3.4, median

2, range 1�19), respectively. Forty-five patients (15.9%)

expired in ICU. Their mean age was 65.1 years (median 65,

range 30�95), with a mean APACHE-II score of 25.8

(median 26, range 10�45). Fifteen of those patients (33.3%)

were transferred to ICU from other units, most commonly

from Medicine wards (8, 53.3%). Thirty-five of those

patients who died (77.8%) were admitted during the

weekdays: 13 (28.9%) were admitted during daytime hours

(cumulative mortality�0.2321), 9 (20%) during nighttime

hours (cumulative mortality�0.1343), and 13 (28.9%)

during late-night hours (cumulative mortality�0.2363;

OR�1.3742; 95% confidence interval (CI)�0.6342�
2.9776; p�0.42). Patients admitted during daytime hours

had increased ICU mortality compared with those ad-

mitted after-hours (RR�1.28). Ten patients (22.2%)

admitted during the weekends expired while receiving

treatment in ICU (OR�0.437; 95% CI�0.2054�0.9196;

p�0.0293). The relationship between days of admission

and mortality is shown in Table 1 and Fig. 1. Patients who

expired consumed a total of 125 ICU days (10.8% of the

total of ICU days; mean 2.8 days, median 2, range 1�13).

Patients expired more frequently when they were admitted

on Wednesdays (14, 31.1%), Thursdays (8, 17.8%), Tuesdays

(7, 15.7%), and Fridays (7, 15.7%). Table 2 shows the rela-

tionship between the number of admissions, APACHE-II

scores, and mortality.

Discussion
This study examined the characteristics and outcome of

critically ill patients admitted to ICU during weekdays,

after-hours, and weekends. This is the first study related

to the timing of admission to ICU and its relationship

with patients’ outcome guided in the New York City

Health and Hospitals Corporation, the largest municipal

healthcare system in the United States. It is also one

of the very few studies conducted in the United States

exploring the relationship between the day and time of

admission to ICU with patients’ outcome. Our patients’

demographics are homogeneous to those described in

other reports (1, 3, 15�17), and so was their ICU LOS

(1, 15, 16, 18). There was no statistically significant

difference between the LOS of patients admitted during

weekdays, weekends, or after-hours. However, patients

admitted during weekdays utilized more ICU days than

those admitted during weekends and after-hours (49.9%

vs. 26% vs. 24.1% of the total of ICU days, respectively),

probably as a result of the increased number of admis-

sions during weekdays. Not surprisingly, and similar to

other large studies (1, 16, 19), the majority of patients

were admitted from the ED. Although urgencies of

critically ill patients may be the same, their priorities

can be different. Equally important is the pertinent triage

of these critically ill patients to appropriate locations

Table 1. Relationship between day and time of admission and mortality

Admission time Mortality Survive Total Cumulative mortality

Weekdays Daytime 13 43 56 0.2321

Night-time 9 58 67 0.1343

Late-night 13 42 55 0.2363

After-hour

(Night-time�Late-night)

22 100 122 0.1803

Weekends 10 94 104 0.0961
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within the hospital, which includes not only ICU but

also SDU, palliative and terminal care units. Since our

institution does not have a dedicated palliative care unit,

and because of our institutional policy of not allowing

patients requiring mechanical ventilation and/or vaso-

pressors on medical wards, the authors suspect that some

of these patients may have been incidentally admitted to

ICU under such circumstances. The severity of illness of

these patients was assessed using the APACHE-II score

system. APACHE-II scores in our cohort are comparable

to that of other studies (5, 19). There were no statistically

significant differences between APACHE-II scores of

patients admitted during the weekdays, weekends, and

after-hours.

The overall, observed unadjusted ICU mortality (15.9%)

in our cohort is related to that found in other similar

studies (2�4, 17, 20), although it is lower than that in other

reports (5, 16). The observed mortality of patients admitted

during weekends falls into the range of 11.1�38.3% pre-

viously reported in other studies (1, 4, 15, 17, 19, 21).

However, our results failed to support the linear relation-

ship between admissions to ICU during weekends and

excess mortality, as suggested in other publications (1, 2, 4,

5, 8, 15, 17, 18, 22). The adverse effects of weekend care,

or ‘weekend effect’, resulting from inadequate staffing

and support systems are likely to be more pronounced in

community hospitals than in tertiary care center ICUs.

Although our institution is a member of the New York City

public hospitals system, a relatively uniform and balanced

staffing as well as diagnostic and therapeutic modalities is

maintained 24 hours a day/7 days a week. This may possibly

explain the diminished expression of the ‘weekend effect’ in

the outcome of patients admitted during weekends at our

institution. In our cohort, and congruent to published data

(16, 19, 23), admissions to ICU during weekends were not

independently associated with increased mortality. We may

speculate that the decreased mortality observed among

patients admitted during weekends was probably related

to the fact that these patients were ‘less sick’ than those

admitted during weekdays, and that the number of week-

ends admissions was lower than that of weekdays admis-

sions. Furthermore, there are no administrative activities,

and family meetings are decreased to minimum on weekends,

which may had led to a more focused patient care.

On the contrary, the observed mortality of patients

admitted to ICU on weekdays and after-hours was signifi-

cantly higher than that found in other reviews (3, 8, 15�17,

19, 22). It is important to emphasize that the proportion of

patients in our cohort admitted during weekdays and

after-hours was higher than that previously reported in

other similar studies (3, 15, 16, 19, 23). Although more

patients were admitted during weekdays than on weekends,

we do not have an accurate explanation for the observed

higher mortality rate of weekday admissions. Similar to

other communications (3, 20), and contradicting data from

other studies showing no differences in mortality between
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Fig. 1. Graphic relationship between days of admission and mortality.

Table 2. Relationship between the number of admissions, APACHE-II scores, and mortality

Weekdays (178, 63.1%)

Daytime Nighttime Late-night Weekends Total

Number of admissions 56 (19.9%) 67 (54.9%) 55 (45.1%) 104 (36.9%) 282

Mean APACHE-II scores 20.3 18.3 20.3 17.4 18.9

Mortality (%) 13 (28.9%) 9 (20%) 13 (23.6%) 10 (22.2%) 45 (15.9%)
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daytime and nighttime admissions (4, 19), our results showed

an observed increased mortality among patients admitted

during daytime. Balancing patients’ needs for critical care

with the available critical care resources is a great challenge.

We hypothesized that the frequent, decreased beds avail-

ability in the SDU at our institution may have led to an

increased mortality resulting from ICU overcrowding, as a

consequence of admitting ‘very ill’ and/or poor prognosis

patients to ICU that otherwise might have been admitted to

SDU. However, we are not convinced that it completely

explains the differences in the observed mortality between

weekdays, weekends, and after-hours admissions. Physicians

and nursing staff evaluations and treatments of patients

admitted to ICU during daytime shifts could be delayed

more than those admitted during after-hours shifts. Nursing

workloads might be heavier relative to the nurse:patient ratio

because of the higher volume of medical orders, invasive

procedures, and patients transportation for diagnostic tests

outside the ICU. We also suspect that the predominantly

diurnal organization of the ICU at our institution (patients’

rounds, higher volume of medical orders, administrative and

teaching responsibilities, interactions with patients’ families,

etc.) may have played a non-negligible and unquantifiable

role that could have interfered with patients management

and indirectly impinged on the quality of care. Furthermore,

because of the large amount of invasive procedures and

diagnostic interventions during the daytime, the work over-

load could be a source of diverted attention and energies

contributing unintentionally to higher mortality. As in

other studies (19, 20), we observed an increased mortal-

ity in patients transferred to ICU from hospital wards.

Similar to other large cohorts (2, 4, 5, 8, 15), we have also

observed an increased mortality in patients admitted

after-hours, especially in those admitted during late-

night hours. These findings contradict data from pre-

vious studies (3, 16, 20, 23). Available information in the

medical literature has shown mixed results related to

differences in mortality between daytime and night-time

admissions to ICU, based on the presence or absence of

an in-house intensivist during after-hours. Laupland et al.

(2) reported an excess mortality in patients admitted to

ICU during nighttime when no intensivist was in-house,

pairing data published by Meynaar et al. (24) under

similar circumstances. However, two other reports showed

no increased mortality for nighttime admissions even in

the absence of an in-house intensivist after-hours (4, 19).

It may be reasonable to assume that, because of lower

staffing levels and possible suboptimal processes of

care, after-hours admissions to ICU could be associated

with adverse outcomes. It is widely acknowledged by

critical care nursing organizations globally that staff-

ing and workforce issues are important to ICU patients’

outcomes. Time constraints related to a reduced nurse:

patient ratio may increase the likelihood of mistakes by

creating a stressful environment that adversely affects the

quality of care. Therefore, it has been postulated that high

nurse staffing numbers are associated with lower ICU

mortality (25). Some meta-analyses have suggested that, in

closed ICUs, the presence of high-intensity intensivists

staffing, 24 hours a day/7 days a week, would help in

ensuring consistency of care and improved outcomes (3, 23,

26�28). We conjecture that the decreased nursing:patient

ratio during after-hours at our institution as well as the

absence of an in-house intensivist after midnight may had

contributed to poorer outcomes in patients admitted during

late-night hours. Although the availability of an in-house

intensivist during late-night hours may not necessarily reduce

the mortality in ICU, it may have other benefits including an

effect on the quality of end-of-life as well as in the appro-

priate triage of critically ill patients with a more rational

allocation of ICU resources. As in many other institutions,

our ICU is staffed with residents during late-night hours.

Staffing models including nighttime use of medical residents

to cover ICU appear to be safe and effective with no increase

in ICU mortality (29). Nonetheless, some concerns have been

raised regarding the experience of the covering physicians

and its possible influence on patients’ outcome. A Canadian

study found that nearly 50% of physicians who provide

overnight staffing have less than 3 months of ICU experience

(30). Protocolized ICUs and tele-ICUs have been proposed

as alternatives to 24/7 intensivist coverage. In one study, pro-

tocolized ICU care driven by intensivist rounding during

daytime was associated with the same morbidity and mor-

tality as 24-hour in-house intensivist coverage (31). Although

an unrecognized confounding variable may explain the ob-

served increased mortality risk associated with weekdays

and after-hours admissions to ICU, the possibilities that

this may be related to inconsistencies in provision of care

within or outside ICU are compelling and warrant further

investigation.

This study has few potential limitations. First, it is

important to note that there is no general consensus on

what defines ‘after-hours’, ‘late-night’, or weekend care,

and definitions have varied among several studies. Second,

it was conducted in a single institution, and, therefore, our

findings may not be applicable to other ICUs with varying

staffing models. Third, despite the large number of con-

secutive patients enrolled, the study may have been under-

powered and a larger sample size obtained by extending

the study period would perhaps have revealed additional

significant differences. Fourth, our study is focused in the

ICU environment, and the authors did not have completed

and detailed data on care provided on hospital wards

or ED before patients arrived to ICU. Another, not less

important limitation, is that our results may have been

influenced by the lack of risk adjustment with different

measured variables. However, we postulate that the data

presented in this study provide interesting insights on

the timing of admission to ICU and its relationship with

patients’ outcome.
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Conclusion
We found that weekend admissions to ICU were not asso-

ciated with increased mortality, as opposed to admissions

to ICU during weekdays and after-hours. Our results

may have important implications for organization of ICU

services. Further investigations are warranted to examine

whether changes in process of care may reduce the excess

mortality related to weekdays and after-hours admissions

to ICU.
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