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ABSTRACT

Background: The current study aimed to assess any association between intensive care unit (ICU) and hospital outcomes with ICU admission
timings of critically ill patients.

Methods: Retrospective observational single-center study involving all adult admissions. Each patient admission was categorized in “after-
hours” (08:00 p.m.-07:59 a.m.), or “normal-hours” (08:00 a.m.-07:59 p.m.), “Weekday” (Monday-Saturday), or “Weekend” (Sunday), “Same day”
(admission directly to ICU) or “other day admission” (admission to ICU after a hospital stay of >24 hours). Intensive care unit and hospital
mortality, length of stay (LOS), and ICU readmission were assessed for any association with different admission timings.

Results: Among 3,029 patients, 54.2% (1,668) were male, with mean age 66.49 (SD + 15.69) years, mean acute physiology and chronic health
evaluation-IV (APACHE-IV) score 55.5 (SD =+ 26.3). Around 86.1% of admission occurred during weekdays, 13.9% on weekends, 57.4% normal-
hours, 42.6% after-hours, 66.3% same day and 33.7% other day admission. Intensive care unit and hospital mortality were 10.8 and 14.2%
respectively. Neither ICU nor hospital mortality were significantly different among patients admitted normal vs after-hours (p = 0.32, 0.23),
and weekdays vs weekends (p = 0.09, 0.93), nor was ICU LOS (p = 0.21, 0.74). Intensive care unit and hospital mortality (p = 0.001), DORB
(p =0.001), hospital LOS (p = 0.001), and readmission to ICU (p = 0.001) were significantly higher in the other day admission group compared
to same-day admission. In a multivariate regression analysis age, APACHE IV score along with other day admission to ICU did have a significant
effect on both ICU and hospital mortality.

Conclusion: Intensive care unit and hospital mortality and LOS did not differ significantly with hours or days of ICU admission though they were

significantly higher in other day admission groups.
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HIGHLIGHTS

This study reflects the ‘day-effect’ and ‘time-effect’ of intensive care
unit (ICU) admission on ICU and hospital outcomes. Any such effect
could not be elicited when structure or process remains optimum
to match the requirement of critically ill patients, rather outcome
worsens if optimum ICU care gets delayed. The observations from
this study may be more applicable in mixed medical-surgical ICUs
admitting less emergency surgery and trauma patients.

INTRODUCTION

The outcome of ICU patients is predicted by different factors
including medical and non-medical issues. Medical issues are
existing comorbidities, the severity of iliness, early diagnosis, and
prompt formulation of the appropriate treatment plan along with
avoidance of any treatment-related complication.! Non-medical
issues are mainly administrative, like closed, semi-closed or open
type ICUs, decision-making authority, stuffing pattern of doctors
and nurses along with variation over the week, days, and timings
of admission to ICU and transfer from ICU, and 24 x 7 availability of
required services, consultant intensivist support and so on. Initial
few hours management is very crucial for critically ill patients
as clinical status remains dynamic with a tendency to worsen
rapidly.>3 The non-availability of resources during nighttime
or weekends may lead to delay in diagnosis and initiation of
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management which might worsen the outcome of patients. This
aspect of critical care services is evaluated in several studies to
understand the effect of admission timings of patients to ICU on
outcomes. Study results remained inconsistent and are affected
by variations in clinical practice and organizational structures
in different countries.! Studies mainly compared admissions
occurring during weekdays with weekends, and normal hours
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with after-hours. Weekends and after-hours are considered as a
less active parts of the week and days according to the availability
of staff, services, the experience of staff, and pattern of elective
admission. Time definitions of after-hours and weekends varied
in different literature available from different countries. These
studies compared outcomes like mortality, length of stay (LOS),
decision-making issues, on behalf of treating doctors or family
members, the decision to withdraw of treatment support and
other issues. The results varied in different trials and the reason
could be multifactorial including case mix, hospital policies, and
staff and resource availability in different hospital setups."* Some
studies revealed that hours and weekend ICU admission carry
a higher risk for adverse outcomes and mortality as compared
to patients admitted during normal hours and weekdays on the
other hand, some did not reveal any difference.>™"" Literature
also supports the fact that mortality was higher in patients who
were transferred to higher care facilities after admission to the
hospital.”” Due to discrepancies in study results, paucity of data
in India, and the shallow existence of weekend or after-hours in
various organizations, it seems relevant to understand the effect
of similar scenarios in the existing structure and processes of our
ICUs. The current study aimed to assess the association of mortality
(ICU and hospital), LOS, and readmission rate to ICU during the
same admission in patients admitted to ICU during ‘after-hours’,
‘weekends’, and ‘other day admission’ with ‘normal hours’,
‘weekdays’ and ‘same day admission’in a tertiary care ICU in India.

METHODS

This retrospective observational study was conducted in 23-bed
mixed medical-surgical ICUs of tertiary care private hospital in
Kolkata, India, from October 2015 to December 2018. The key
persons for patient management are consultant intensivists,
resident doctors (including critical care fellow students), nurses,
biomedical technicians, and respiratory therapists. There is no
policy of a separate kind of roster on the weekends for consultants,
doctors, nursing staff, and other general staff in these units,
however, there is no biomedical technician on Sundays and after-
hours, and no respiratory therapist is available during after-hours.
Consultant intensivists are available on the phone on Sundays
and after-hours unless needed onsite for any specific reason and
interventional radiology, cardiology, and gastroenterology services
run on an emergency basis. Generally, doctor-patient ratio is 1:5
and nurse-patient ratio for non-ventilated patients remains 1:3
and for ventilated patients 1:1. Until there is a gross staff crisis, the
ratio is tried to be maintained like mentioned above and these
parameters are not considered for analysis of this study. Consultant
cover is there 24 x 7, either by physical presence or on the phone.
The study was approved by the institutional ethical committee and
informed consent was waived as the study was retrospective and
observational in nature and used de-identified data.

Patients and Data Source

All consecutive adult patients (age >18 years) admitted to ICU and
stayed for >24 hours were screened for inclusion. Patients with
incomplete data were excluded from the study. The first admission
was considered for analysis for patients with multiple ICU transfers
during a single hospital admission. Data had been collected from an
electronic database maintained by the Department of Critical Care
of the hospital. Patient-related different variables are captured daily
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by data entry personnel prospectively, during the hospital stay of
every patientin a predefined excel data entry system. The quality of
data was assessed by critical care consultants by random checks of
a certain number of files every month to identify any discrepancies.
Required variables related to the study were retrieved from the
database in de-identified form to maintain confidentiality.

Definition of Variables and Data Collection

For this study, admission day and timing were segregated in
the following way. “After-hours” admission is considered for all
admissions to ICU occurring between 08:00 p.m. and 07:59 a.m.,
and others are considered as “normal hours” admission. “Weekday”
admission was considered for all admissions occurring from Monday
to Saturday and “weekend” admission was considered for those
admissions occurring on Sunday. “Same-day admission” was
considered as admission directly to ICU and “other day admission”
was considered as admission to the ICU after a hospital stay of at
least 24 hours or more. Intensive care unit readmission was defined
as patients getting back to ICU from wards or high dependency
units within the current hospitalization irrespective of the time
between their discharge and re-admission to ICU.

Different variables were included during data collection.
Demographic data included age, gender, admission diagnosis,
acute physiology and chronic health evaluation (APACHE) IV score,
and presence of sepsis and its category. The sources of patients for
admission to the ICU were emergency, ward, high dependency
units, or operation theaters. Admission diagnosis was categorized
as medical and surgical and according to primary diagnosis made
in the first 24 hours of admission coded with APACHE IV.

Timings of ICU admission (hours, days, and delays) were the
main exposures assessed in this study. The primary outcome was
risk-adjusted hospital mortality and secondary outcomes were ICU
mortality, ICU and hospital LOS, and ICU readmission. Patients were
grouped according to the “day” and “time” definitions of admission
in the ICU and demographics and outcome variables were
compared for any statistically significant difference. “Weekday”
admission was compared with “weekend” admission, “normal hour”
admission with “after-hours” admission, and “same day admission”
with “other day admission”.

Statistical Analysis

Categorical variables are expressed as the number of patients
and percentage of patients and compared across the groups
using Pearson’s Chi-square test for independence of attributes.
Continuous variables are expressed as mean, median, and standard
deviation and compared across the groups using the Mann-
Whitney U-test since the data does not follow normal distribution.
Predictive analysis was done using Binary Logistic Regression. The
statistical software SPSS version 22 has been used for the analysis.
An alpha level of 5% has been taken, i.e., if any p-value is less than
0.05, it has been considered as significant.

REesuLTs

A total of 3,077 patients were screened during the defined time
period and 3,029 patients were included in the final analysis after
excluding patients (n =48) with incomplete data. Of all admissions,
86.1% occurred during weekdays, 13.9% during weekends, 57.4%
during normal hours, 42.6% during after-hours, 66.3% got same-day
admission in ICU, and 33.7% another day admission to ICU. Surgical
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Table 1: Characteristics of study population

Normal hour After-hour Weekdays
admission admission (Monday- Weekends
(8a.m.— (8p.m.— Saturday) (Sunday) Same day Other day
7.59p.m.) 7.59a.m.) admission admission admission admission
Parameters (n=1,744) (n=1,285) p-value  (n=2,605) (n=424) p-value  (n=2,005) (n=1,024)  p-value
Age (+ SD) 67.24 (15.18) 65.49 (16.3) 0.008 66.45 66.78 (15.83) 0.67 66.99 (15.76) 65.5(15.5) 0.003
years (15.67)
Male:Female 53:47 56:44 0.19 54:46 55:45 0.67 54:46 55:45 0.71
APACHE IV 55.45 (26.14) 55.65 (26.72) 0.86 55.2(26.23) 57.65(27.26) 0.11 55.7(25.03)  55.22(28.8) 0.05
(mean= SD)
Medical: 84:16 96:4 0.0001 88:12 98:2 0.0001 97:3 73:27 0.0001
Surgical
admission
Septic 17.2 16.8 0.80 16.5 20.3 0.06 14.3 224 0.0001
shock (%)
Table 2: Intensive care unit outcome variables as per ICU admission
Normal hours After hour Weekdays Weekend Same day Other day
Parameters admission admission  p-value  admission admission  p-value  admission admission  p-value
Discharge 3.7 4.7 0.32 3.8 6.1 0.09 43 3.9 0.001
against medical
advice (%)
Death in ICU (%) 11.0 10.5 032 10.8 10.5 0.09 7.9 16.3 0.0001
ICU length of 3.96 +4.38 3.67 +£3.95 0.21 3.86 +4.30 3.68 +3.52 0.74 3.79 +4.21 393+4.19 0.13
stay, days
(mean =+ SD)
Readmission to 5.9 49 0.23 5.5 5.6 0.90 1.2 14.0 0.001

ICU

and medical patients comprised 10.9 and 89.1% of the whole study
population respectively. The baseline characteristic of the study
population is described in Table 1. Patients were categorized as per
diagnosis obtained within 24 hours of admission and organ system
involvement. Admission category included respiratory system
(n = 658), renal (n = 474), Gl and hepatobiliary system (n = 370),
cardiovascular system (n = 283), central and peripheral nervous
system (n = 163), oncology (n = 102), gynecology and obstetrics
(n=30), trauma (n = 21), and others (n = 969).

Outcome Parameters

Overall ICU and in-hospital mortality were (331/3,029) 10.8%
and (385/2,698) 14.2% respectively. Intensive care unit and
hospital mortality were not significantly different among patients
admitted in normal or after-hours (p = 0.32, 0.23), and weekdays or
weekends (p = 0.09, 0.93). Intensive care unit LOS was not different
for admissions in normal hours vs after-hours, and weekdays vs
weekend category as well (p =0.21,0.74). Discharge against medical
advice from ICU and hospital were not significantly differentamong
patients admitted in normal or after-hours, and on weekdays or
weekends. However, ICU and hospital mortality (p = 0.001 for each),
DORB (p = 0.001), hospital LOS (p = 0.001), and readmission to ICU
(p = 0.001) were significantly higher in the other day admission
group compared to same-day admission. Outcome parameters
were described in Tables 2 and 3.
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The predicted mortality rate (PMR) calculated from the
APACHE IV score was not significantly different between weekdays
vs weekends, and normal hours vs after-hours (p = 0.73, 0.42)
respectively. However, PMR remained significantly high in patients
who had other-day admission (p = 0.001). A rising trend is noted in
SMRin the other day admission group compared to the same day
admission group. The other day admission group was analyzed
further for weekend and after-hour admission effects however, no
significant outcome difference could be identified. Multivariate
regression analysis was done to assess the effect of days and timings
of admission on ICU and hospital outcomes (Table 4). Neither
weekend admission nor after-hour admission showed any effect
on mortality, however, age, APACHE IV score along with other day
admission to the ICU did have significant effects on both ICU and
hospital mortality.

Discussion

In this study, more patients were admitted during weekdays,
normal hours, and directly to the ICU (same-day admission). The
mean APACHE IV (£SD) score remained comparable across all the
study groups. Intensive care unit or hospital mortality did not
differ significantly with patients admitted on weekends or during
after-hours compared to patients admitted on weekdays or normal
hours. Acute physiology and chronic health evaluation IV score and
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Table 3: Hospital outcome variables as per ICU admission

Normal hours After hour Weekdays Weekend Same day Other day
Parameters admission admission  p-value  admission admission  p-value admission admission p-value
Discharge 7.7 9.4 0.23 8.4 8.7 0.93 8.7 7.7 0.001
against
medical
advice (%)
Predicted 1498 +19.77 13.82+19.62 0.42 14.4 +£195 14.7 +£ 20.5 0.73 1234 +1743 18.73+23.01 0.001
mortality
rate (PMR)
(mean =+ SD)
Death in 13.2 129 0.23 13.1 12.6 0.93 9.5 20.1 0.0001
hospital (%)
SMR 0.9 0.9 0.9 0.8 0.7 1.0
(observed
death/
predicted
death)
Predicted 473 +1.82 4.60 + 1.65 0.11 469+176 462+ 1.65 0.69 437 +1.53 5.28 +1.99 0.0001
hospital LOS
(days)
(mean + SD)
Hospital 124 +1342 10.77+1159 0.001 11.78+12.03 11.2+16.16 0.02 9.57 +9.64 1594 +16.43 0.001
length of
stay (days)
(mean = SD)
Table 4: Multiple logistic regression studies.”®”'® On risk-adjusted analysis of mortality, the study result
959% Cl for odds ratio differed as well in different studies. Cavallazzi et al. concluded in a
Variables value Oddsratio  Lower Upper meta-analysis that weekend admission was found to be associated
! p-vau ! i pp with worse outcome which again is similar to a large Dutch study.*"
PMR <0.0001 1.043 1.038 1.048 Similarly, an Australian study including nearly one-quarter million
Other day admission ~ <0.0001 2.023 1.582 2.587 ICU admissions indicated increased risk for adverse outcomes for
After-hours admission  0.221 1.167 0911 1.495 night and weekend admissions.'® The study results, however, were
Weekend admission 0.845 0.965 0676 1377 .neverunlforr.n in different parts ofthe world. In a sFudy conductgd
in the UK no influence of week and time of admission on mortality
Age 0.003 0.986 0.977 0.995 could be found.® Similarly, ICU admission time and weekend
APACHE - IV 0.0001 1.052 1.046 1.058

its predicted hospital mortality, ICU, and hospital crude mortality
were significantly higher in patients admitted to ICU after a stay of
24 hours or more in hospital (other day admission). Acute physiology
and chronic health evaluation IV score was calculated in the ‘other
day admission’ group of patients on the day of ICU admission and
hence may not reflect the severity of iliness on admission to the
hospital. However, it represents the clinical status of the patient
while transferred to the ICU which seemed to have happened
after clinical worsening. Standardized mortality ratio (SMR) was
highest in this group of patients and actual hospital LOS exceeded
far beyond predicted LOS. The subgroup of patients with ‘other
day admission’ was further analyzed for weekend and after-hours
effect on mortality and LOS, and the difference was not statistically
significant.

Several studies were conducted in different period addressing
the effect of weekday vs weekend and normal hours vs after-hours
admission to ICU on the outcome. Weekdays, weekends, normal
hours, and hours were defined differently in various studies mainly
based on services available at that period. A number of patient
admissions varied according to different time frames in various
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admission were not independent risk factors of hospital mortality
in critically ill patients with sepsis in a study done by Zhou et al.!”

As far as research methodology is concerned, heterogeneity in
study design, case mix, and bias related to the choice of variables
may be responsible for the overall varied outcomes in different
studies. If structure, process, and quality issues are analyzed for
ICU outcome, several researchers have suggested factors that may
influence outcome for weekend or after-hour admissions to the ICU.
Risk factors identified in several studies with similar sickness and
type of iliness are closed vs open ICU models, nurse-patient ratio,
availability of another healthcare worker, availability of experienced
intensivists and/or on-site attending junior doctors, and access to all
treatment services and procedures.*'7202! All these led to probable
inconsistencies of care. In the case of different types of illness
studies with emergency surgical admissions have greater odds of
death if admitted during the weekend, so also trauma patients.?22
Sometimes, inaccurate coding in routine administrative data
led to an artifactual increase in weekend mortality in the UK.%*
Inconsistencies in the availability of services or quality care can be
considered as a major safety issue.

Our study did not demonstrate any association between a day
of the week (weekend) and time (after hour) of admission with
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mortality and LOS (both ICU and hospital). Weekend in our study
is considered only on Sundays, depending on the availability of
services for critically ill patients. Several factors are speculated
to play a role in determining the outcome of our study. Firstly, a
trained intensivistis available on-site or on call throughout the week
and his/her input is available within an hour of the admission of a
patient. Patients admitted after-hours or on weekends are usually
seen in person by a fellow or senior medical officer immediately.
Procedural support like endoscopy, bronchoscopy, cariology
intervention, and interventional radiology services that were
required on an emergency basis, were available, though routine
procedure was not done during after-hours and weekends. Level
of sickness and PMR did not differ significantly as per the APACHE
IV score calculated in the first 24 hours of admission in weekend
and after-hours groups. Surgical admission was significantly low in
the study population and trauma and emergency surgery patients
requiring immediate and specific resources were less. Number of
patients admitted with septic shock was not significantly higher in
after-hours or weekend groups. These ICUs follow a definite nursing
staff schedule which does not allow very low and different nursing
numbers during weekends or after-hours. A number of patients
with weekend admission also remained low. It is presumed that
the pattern of patients and their sickness matched with optimum
and quality care required at the time of admission. All these might
be responsible for the lack of outcome difference for weekday vs
weekend admission and normal hours vs after-hours admission.

Initial resuscitation and stabilization of the critically ill patient
is crucial for treating patients in acute care medicine and any
differences and deviations in the standard of care at this stage are
likely to affect mortality. Patients seeking admission to ICU after
a hospital stay of 24 hours or more did not fare well in our study.
It is speculated that the apparent better condition of patients as
assessed during admission triaged these patients to non-ICU areas,
and pre-ICU care in this group may be inadequate given the delay
in initiation or decision making which subsequently increased
mortality.

A major strength of our study is a comparison of predicted
vs crude mortality and standardized mortality ratio and the
inclusion of all consecutive admissions in the medical-surgical
unit. The main limitations of the study was, firstly adequacy of
treatment issues were not addressed, secondly, ICU discharge
timings were not considered for the analysis which is otherwise
considered a major factor altering hospital outcome of ICU
patients, thirdly, nurse-patient ratio and physician-patient ratio
was not detailed, though an overall pattern of functioning of the
unit is described, fourthly, resuscitation and stabilization in an
emergency before transfer to ICU is not addressed in this study
and finally, the reason for delayed admission was not addressed
for patients who were admitted to ICU later on.

CONCLUSION

Intensive care unit and hospital mortality and LOS did not differ
significantly with hours or days of ICU admission though they
were significantly higher in the other day admission (delayed
admission) group. This study points towards standard, uniform,
safe, and stable ICU care for all admitted patients taking medical
and non-medical issues into consideration and then the outcome
will be comparable, be it weekend, be it after-hours. For patients
who got transferred to ICU later on, the reason for triaging to
non-ICU areas on admission, ways of early risk assessment, and
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management of clinical deterioration should be the area of further
research to reduce mortality and achieve a better outcome in these
groups of patients.
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