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Abstract 

Introduction  The objective of the study was to assess the effects of high-reliability system by implementing a com‑
mand centre (CC) on clinical outcomes in a community hospital before and during COVID-19 pandemic from the year 
2016 to 2021.

Methods  A descriptive, retrospective study was conducted at an acute care community hospital. The administra‑
tive data included monthly average admissions, intensive care unit (ICU) admissions, average length of stay, total ICU 
length of stay, and in-hospital mortality. In-hospital acquired events were recorded and defined as one of the fol‑
lowing: cardiac arrest, cerebral infarction, respiratory arrest, or sepsis after hospital admissions. A subgroup statisti‑
cal analysis of patients with in-hospital acquired events was performed. In addition, a subgroup statistical analysis 
was performed for the department of medicine.

Results  The rates of in-hospital acquired events and in-hospital mortality among all admitted patients did 
not change significantly throughout the years 2016 to 2021. In the subgroup of patients with in-hospital acquired 
events, the in-hospital mortality rate also did not change during the years of the study, despite the increase in the ICU 
admissions during the COVID-19 pandemic.Although the in-hospital mortality rate did not increase for all admitted 
patients, the in-hospital mortality rate increased in the department of medicine.

Conclusion  Implementation of CC and centralized management systems has the potential to improve quality of care 
by supporting early identification and real-time management of patients at risk of harm and clinical deterioration, 
including COVID-19 patients.
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Introduction
Healthcare organizations around the world continu-
ously strive to optimize safety and clinical outcomes 
[1]. In recent years, a few hospitals have taken steps to 
achieve this by establishing command centres (CC) and 
employing centralized management systems, which are 
supported by information technology and real-time data 
[2–5]. Studies employing a CC have provided evidence 
for the improvement of operations, patient flow, and 
clinical decision-making [2, 4, 5]. However, reports on 
patient outcomes are scarce with one study reporting a 
decrease in harm scores [3].

Humber River Hospital (HRH) established a CC, 
employing a high-reliability system, to achieve consist-
ent, predictable, safe, and effective operations. In 2017, 
1st generation command centre (CC1) tiles were imple-
mented to improve patient access and flow. In 2019, 
clinical analytic applications and the world’s first 2nd 
generation command centre (CC2) tiles were imple-
mented to support early identification and real-time 
management of patients at risk of harm and clinical dete-
rioration [3]. Unfortunately, in March 2020, the WHO 
declared the novel coronavirus (COVID-19) outbreak 
a global pandemic. The effects of incorporating a high-
reliability system by implementing a CC in a hospital on 
clinical outcomes before and after COVID-19 pandemic 
is not well understood. During the pandemic, hospitals 
reported that the incidence of in-hospital acquired events 
such as cardiac arrest increased markedly [6–8], and the 
rate of survival of these patients was much lower com-
pared to pre-pandemic [7, 8]. In addition, cardiac arrest 
[9, 10] cerebral infarction [11, 12] respiratory failure [13] 
and sepsis were also reported to be higher in COVID-19 
patients, and their risk of mortality increases as well [7, 9, 
10, 14–19].

The objective of the study was to assess the effects of 
high-reliability system by implementing a CC on clini-
cal outcomes in a community hospital before and during 
COVID-19 pandemic from the year 2016 to 2021.

Methods
Study design
A descriptive, retrospective study was conducted at 
HRH, Toronto, Ontario Canada. HRH is a fully digital 
hospital and one of Canada’s largest acute care commu-
nity hospitals, serving a diverse population of more than 
850,000 people in the northwest Greater Toronto Area. 
HRH operates 722 acute inpatient beds with 3,400 staff, 
and 700 physicians. HRH is located within the most cul-
turally diverse region in Toronto.

The Humber River Hospital’s CC is a centralized 
hub where hospital staff can monitor and coordinate 
all aspects of patient care and hospital operations in 

real-time. The CC is equipped with advanced technology, 
including a large video wall, displaying real-time data 
on patient flow, bed capacity, risk of harm indicators, 
and other critical information. This real time data ena-
bles hospital staff to identify and address issues quickly, 
such as bottlenecks in patient flow or patient clinical 
deterioration. The real-time CC software was deployed 
with key design characteristics to support the care teams 
who need the information quickly, easily and tuned to a 
specific situation. The software’s single data architecture 
connects data elements in real-time and supports rapid 
response.

The CC uses predictive analytics and machine learning 
algorithms to anticipate and proactively address potential 
issues before they occur allowing staff to provide early 
interventions and prevent adverse outcomes.

The CC employs a high-reliability system, namely, con-
sistently delivering the safest, highest-quality care. This 
system achieves consistent patient outcomes, enhances 
operational efficiency, and ensures that the hospital is 
equipped to provide the highest level of care possible, 
and effective operations. The study was approved by Ver-
itas ethics review board, an independent ethics review 
board.

The CC1 was designed to optimize access and flow, as 
well as transfer of patients from the emergency depart-
ment (ED) to in-patient units to expedite waiting time 
and admissions. The CC1 tiles display relevant, real-time 
data from multiple automated systems across the hospi-
tal and form an analytical control panel on large-screen 
monitors. Decisions can be made to maximize patients’ 
access and flow, input and throughput in the ED, and out-
put to the in-patient units, which allows for continuum 
and integrated care, reducing ED length of stay. The CC2 
was designed to eliminate risks of patient harm, deterio-
ration and never events by using predictive analytic tiles. 
The CC2 tiles integrate early warning systems with pre-
dictive analytics to generate real-time data from several 
automated systems that identify any changes in patient 
conditions and provide early warning. Staff are constantly 
monitoring for unsafe conditions to be resolved before 
any harm or adverse events occur.

The CC tiles displayed Covid-19 related data, including 
a Clinical Deterioration Tile, an Infectious Disease tile, 
and a Patient Manager Tile. The clinical Deterioration 
tile was implemented to accelerate care escalation for 
at-risk in-patients using clinical surveillance algorithms. 
This Early Warning Score is a clinical algorithm that uses 
vital signs to help front-line care teams identify patients 
who are potentially deteriorating. The patient’s COVID-
19 status (testing for COVID-19, positive for COVID-19) 
is also displayed. The Infectious Disease Tile was devel-
oped in response to the COVID-19 pandemic. This tile 
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displays a visualization of patient load and critical bed 
capacity associated with caring for COVID-19 patients. 
In addition, the information includes a two-week history 
of hospital COVID-19 testing and results, inpatient loca-
tions of in-hospital testing, positive or negative results, 
recovered patients, critical care bed capacity and critical 
care EVS status. The analytics support the placement of 
COVID-19 or COVID-19 suspected patients in the right 
beds, pinpoints opportunities to accelerate bed cleaning, 
and prompts teams to work proactively when COVID-
19 demand is building (e.g. decant the ICU where pos-
sible). The CC staff co-location is comprised of patient 
admissions coordinators, a bed allocation clerk, a patient 
flow manager, a homecare manager, a support services 
supervisor, a medical imaging flow technologist, operat-
ing room schedulers and a nursing resource team man-
ager. The co-location of collective skill and expertise of 
the staff responsible for synchronizing patient admis-
sions improve efficiency in the coordination. The shared 
workspace is a mechanism for direct and immediate 
communication. In addition, the CC Clinical Expedi-
tor, a senior nurse, staffed 24/7 monitored COVID-19 
patients and patients at risk of deterioration throughout 
the hospital using the CC analytics. The Clinical Expedi-
tor visited the inpatient units as needed and followed up 
with staff. These analytics were used to ensure vitals were 
being monitored based on the HRH Early Warning Score 
standard, and units were not understaffed when multiple 
patients were at elevated risk of deterioration, and esca-
lation of patients at elevated risk of deterioration was 
reported to the physician or rapid response team.

Data and data sources
Administrative hospital-wide data of in-hospital clini-
cal programs were analyzed from the year 2016 to 2021. 
During the year 2016 to 2021, there were 3 major events 
in HRH: (1)  in 2017, CC1 was implemented to improve 
patient access and flow; (2) in 2019, the world’s first CC2 
was implemented to support early identification and real-
time management of patients at risk of harm and clinical 
deterioration; and (3) in 2020, the World Health Organi-
zation (WHO) declared the novel coronavirus (COVID-
19) outbreak a global pandemic. The administrative data 
included: monthly average admissions, intensive care unit 
(ICU) admissions, average length of stay, total ICU length 
of stay (all patients combined), and in-hospital mortality. 
In-hospital acquired events were recorded and defined as 
one of the following: cardiac arrest, cerebral infarction, 
respiratory arrest, or sepsis after hospital admissions. A 
subgroup statistical analysis of patients with in-hospital 
acquired events was performed. A subgroup statistical 
analysis was performed for the department of medicine. 

The resource intensity weight (WIR), an indicator of the 
total cost to treat an average in-patient was also assessed.

Description of command centre
The CC uses a visual display of real-time data with the 
use of high-reliability principles and predictive analyt-
ics, providing clinicians with concurrent information to 
support decision making [20]. The CCs provide a global 
view, predictive analytics, and clear protocols to proac-
tively manage operations [21]. The data is continuously 
monitored 24 h a day, seven days a week by CC staff, 
detecting risk, coordinating complex care activities, and 
supporting the healthcare teams in real-time with deci-
sion making and patient management,. to reduce risk of 
harm, identify deteriorating patients early, and eliminate 
never events [3].

The HRH CC is centrally located in a 4,500 sq. ft. space 
with 20 workstations, 2 meeting rooms, 4 offices and a 
33 liquid crystal display (LCD) screen video wall dedi-
cated to displaying the analytics. Staff seating in the CC is 
arranged based on their required interaction frequency. 
The analytics are web-based apps and are accessible via 
desktop or phone for hospital staff. GE HealthCare CC 
software is a fully commercialized product (GE Health-
Care Technologies, Inc. Chicago, Illinois, USA). CC1 
implementation allows teams to organize care delivery 
activities (e.g., patient discharge), eliminate delays in 
care, and resolve patient flow bottlenecks (e.g., transfer-
ring patients from emergency to an inpatient bed). CC2 
implementation focused on early detection and preven-
tion of harm for patients at risk of clinical deterioration 
and sepsis. Part of digital infrastructure of HRH includes 
automated laboratory services, robotics for sorting and 
mixing medications, electronic health records, comput-
erized physician order entry, patient bedside computer 
terminals, and tracking systems for patients undergoing 
surgery.

Multiple system and modules around the hospitals 
communicate with each other to integrate data. The CC 
tiles display relevant real-time data, from 16 artificial 
intelligent-powered analytic. The data is integrated from 
12 information systems and modules on large-screen 
monitors. HRH data sources of CC analytics are pre-
sented in Table 1.

Information is sent from the source systems using HL7 
interfaces and ingested into a central data model. This 
information is displayed on the CC analytics within 30 
s of clinical entry. Some of the data include: (1) clinical 
deterioration (Identifying in-patients at risk of deteriora-
tion and reason for deterioration, and highlighting their 
monitoring and escalation status); (2) identifying delays 
in care activities and highlighting deviations from estab-
lished clinical pathways and best practices; (3) bed state 
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throughout the hospital, surfacing information cur-
rently scattered throughout different clinical systems; (4) 
patients waiting for an inpatient bed in the emergency 
department; post-anesthesia care unit, birthing unit and 
clinics outside the hospital; (5) census forecast, providing 
visibility of current and forecasted inpatient capacity over 
48 h time horizon; (6) identifying flow and delays in care 
activities for the emergency department; and (7) COVID 
testing activity, critical capacity availability and COVID 
inpatient population.

Predictive Algorithms used in the CC analytics include: 
HRH Early Warning Score (vital signs-based algorithm 
for risk of deterioration); hospital one-year mortality risk 
(a risk score for patient mortality within one year) sys-
temic Inflammatory Response Syndrome (an algorithm 
for sepsis risk). Machine Learning algorithms used in the 
CC include: A census to forecast inpatient capacity over 
the next 48 h, environmental services forecast to predict 
housekeeping demand over the next 48 h, and portering 
forecast to predict portering demand over the next 48 h. 
Employing CC algorithms has been shown to improve 
operation and healthcare delivery in several recent stud-
ies [2–5].

Data analysis
Data analysis was performed using IBM SPSS statistics 
(IBM SPSS Statistics for Windows, Version 23.0. Armonk, 
NY: IBM Corp). Descriptive statistics were performed for 
each variable, for each year from 2016 to 2021. Data are 
presented as monthly average and standard error (SE) 
or percentage. The analyses of variance (ANOVA) were 
performed with the Scheffe Post-Hoc tests to compare 
the difference of the study outcomes between the years. 
The Kruskal–Wallis test was performed to compare the 
WIR differences between the years followed by Dunn’s 
test. The rate of in-hospital mortality was calculated by 
dividing cases by overall admissions and then multiplying 
the value by 100. The rates of ICU admissions and mor-
tality of patients with in-hospital acquired events were 
calculated by dividing cases by overall admissions and 
multiplying by 100. In the subgroup analysis, the rates of 
ICU admissions and mortality of patients with in-hospi-
tal acquired events were calculated by dividing cases by 

overall cases of the department of medicine and then 
multiplying the value by 100.

An independent t-test was used to assess the average 
monthly differences between 2020 and 2021 in admis-
sions, number of ICU admissions, length of stay, and 
number of in-hospital mortality cases. A p-value of < 0.05 
was considered significant.

Results
Between the years 2016 to 2021, a total of 168,029 
patients were admitted to the in-hospital clinical pro-
grams of HRH. Among these patients, 11,664 were 
treated in the ICU, and the total length of stay in the ICU 
was 92,854 days. The total number of in-hospital mortal-
ity cases was 7,548. In these years, 810 patients had in-
hospital acquired events (0.48%). Among these patients, 
531 were treated in the ICU. The total length of stay was 
5,557 days. The number of in-hospital mortality cases 
was 659 (0.39%). The average age of the patient popula-
tion for each year from 2016 to 2021 was 49.3, 49.2, 49.3, 
48.8, 48.2, 49.0, 49.2 year-of age respectively, and the per-
centages of male was 40.4%, 40.6%, 40.7%, 40.4%, 40.7%, 
40.25 respectively. Health System Performance Measure-
ments of Humber River Health are presented in Table 2.

The median WIR was not significantly different 
throughout the years, with a median WIR of 1.15 (IQR 
0.58–2.39) in 2016; 1.17 (IQR 0.59–2.42) in 2017; 1.11 
(IQR 0.58–2.42) in 2018; 1.05 (IQR 0.53–2.25) in 2019; 
1.08. (0.53–2.35) in 2020; and 1.07 (0.54–2.38) in 2021.

Overall in‑hospital clinical outcomes
The monthly average of hospital admissions increased 
from 2016, before the implementation of CC, and peaked 
in 2019 after implementing CC2 (p = 0.01), and sub-
sequently dropped at the beginning of the pandemic in 
2020 and peaked again in the second year of the pan-
demic 2021, (p = 0.02) (Fig.  1a). There were no changes 
in the number of ICU admissions, except for a drop in 
2020, at the beginning of the pandemic from the num-
ber of cases prior to implementing generation 2 CC 
(p = 0.025) (Fig. 1b). The monthly total length of ICU stay 
was not significantly different during the study years. The 
monthly mean length of stay increased significantly at the 
beginning of the pandemic in 2020 from the year prior 

Table 1  HRH data sources of CC analytics

Meditech (Medical Information Technology, Inc. MA, USA) hospital electronic medical record for patient demographics, location, 
and clinical documentation

ASCOM (ASCOM Holding AG, Zurich, Swiss) Nurse to patient assignment and nurse contact information

TDSS (Technology Driven Service Solutions CA) Portering and housekeeping status

Steris (Steris Mentor, OH USA) Real-time location systems for operating room flow and patient status

HRH Data Repository Hospital data lake for operating room schedules, algorithms and more
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to CC employment (p = 0.016) (Fig. 1c). Overall, in-hos-
pital mortality did not increase significantly throughout 
the years (Fig.  1d). Similarly, there were no differences 
throughout the years in the rate of in-hospital mortality 
to overall admission%.

Clinical outcomes in COVID‑19 patients
In 2020, from March to December, there were 783 
COVID-19 cases, with 22.4% (n = 176) of the cases 
treated in the ICU. The total length of ICU stay was 2176 

days over this span. The in-hospital mortality among 
COVID-19 patients in 2020 was 28% (n = 220). In 2021, 
there were 1525 COVID-19 cases, with 26.7% (n = 408) of 
the cases admitted to the ICU. The total length of ICU 
stay was 4470 days. The in-hospital mortality among 
COVID-19 patients in 2021 was 16.9% (n = 259).

There are no differences in the monthly average of 
COVID-19 admissions, ICU admissions, total ICU length 
of stay, average length of stay, and in-hospital mortality 
between 2020 and 2021 (Table 3).

Table 2  HRH health system performance measurements

(Definition are found at The Canadian Institute for Health Information CIHI) https://​www.​cihi.​ca/​en/​access-​data-​and-​repor​ts

Hospital Indicators 2016 2017 2018 2019 2020 2021

ED LOS for Admitted Patients (90th Percentile, hours) 21.4 23.9 20.1 20.0 16.4 18.3

ED LOS for Non-Admitted, High Acuity (90th Percentile, hours) 7.3 7.0 7.1 8.0 7.7 8.7

ED LOS for Non-Admitted, Low Acuity (90th Percentile, hours) 4.4 4.1 4.3 5.7 4.8 5.8

Physician Initial Assessment Time (90th Percentile, hours) 3.3 2.9 3.2 4.0 3.1 4.3

Time to Inpatient Beds (90th Percentile, hours) 13.0 16.3 11.8 10.6 6.5 8.0

Ambulance Offload Time(90th Percentile, minutes) 69.0 25.0 23.0 27.0 24.0 35.0

Fig. 1  a Monthly mean admissions of all in-hospital patients. b Monthly mean ICU admissions of all in-hospital patients. c Monthly mean length 
of stay in the ICU (days) of all in-hospital patients. d Monthly mean in-hospital mortality of all in-hospital patients. The Y axis represents the average 
number of cases admitted; X axis represents years. The grey lines represent events: 2017 line represents CC1 was implementation; 2019 line 
represents CC2; 2020 represents COVID-19 pandemic

https://www.cihi.ca/en/access-data-and-reports
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 There are no significant differences between 2020 and 
2021 in the percentages of COVID-19 from all in-hospi-
tal clinical programs in the rate of admissions (3.6±0.9% 
vs. 4.8±1.8%, p = 0.47), ICU admissions (12.6±3.0% vs. 
17.5±5.4%, p = 0.37), ICU length of stay (17.1±3.7% 
vs. 23.8± 4.8%, p = 0.26), and in-hospital mortality 
(17.1±4.6% vs. 14.2±4.7%, p = 0.45) (Fig. 2).

Clinical outcomes in patients with In‑Hospital acquired 
events
There were no differences in the rate of in-hospital 
acquired events to hospital admission% from 2016 to 
2021. The rate of ICU admissions of patients with in-
hospital acquired events/hospital admission% increased 
slightly during the second year of the pandemic, in 2021 
(p = 0.048) (Fig.  3a). There were no differences in the 
rate of in-hospital mortality of patients with in-hospital 
acquired events to overall in-hospital mortality cases% 
(Fig. 3b).

Clinical outcomes in the Department of Medicine
The number of patients admitted to the department 
of medicine in 2021 during the COVID-19 pandemic 
increased significantly from the previous years (p < 0.001) 
(Fig.  4a). However, the number of ICU admissions and 
the total length of ICU stay of patients admitted to the 
department of medicine did not change, while the mean 
length of stays in the ICU increased in 2020 at the begin-
ning of the COVID-19 pandemic (p = 0.016) (Fig.  4b). 
The number of in-hospital mortality cases increased 
significantly during the COVID-19 pandemic in 2021, 
compared to all prior years before CC implementation 
(P < 0.001) (Fig. 4c).

In patients with in-hospital acquired events in the 
department of medicine, the rate of ICU admissions to 
the overall department of medicine admissions was not 
significantly different from 2016 to 2021. Similarly, the 
rate of mortality in patients with in-hospital acquired 
events to overall morality in the department of medicine 
was not different.

Table 3  Monthly average of COVID-19 patients in 2020 and 2021

Year 2020: Data are represented as monthly average from March to December 2020

Year 2021: Data are represented as monthly average from January-December 2021

Variables Year 2020
March-December

Year 2021
January-December

p- value

General Admission (cases) 78.3±18.7 116.9±44.6 0.395

ICU admission (cases) 17.6±4.1 31.5±11.6 0.231

Total LOS ICU (days) 217.6±48.7 349.4±92.0 0.224

Average LOS (days) 17.3±5.3 15.6±2.4 0.724

in-hospital mortality (cases) 29.7±6.5 17.6±6.5 0.095

Fig. 2   Percentage of COVID-19 Patients from the Entire Patient Population Admitted to the Hospital. The Y axis represents percentages. The X axis 
represents clinical variables. Blue bars represent the year 2020. Red bars represent the year 2021
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Discussion
In this study, we reported data after implantation of a 
broad hospital-wide CC before and during the COVID-
19 pandemic in a community hospital. The major find-
ings of the study were that the rates of in-hospital 
acquired events and in-hospital mortality among all 
admitted patients did not change significantly through-
out the years 2016 to 2021. While other hospitals around 
the world observed an increase in in-hospital acquired 
events and mortality during the pandemic [6–8], we did 
not observe this pattern. Historical data from Ontario, 
Canada demonstrated that neighborhoods with a high 
proportion of immigrants had 4 times higher a risk of 
COVID-19 infection and 5.2 times higher a risk of death, 
while neighborhoods with a high proportion of visible 
minority residents had 3.3 times higher a risk of COVID-
19 incidence and 3.5 times higher a risk of death [22]. 
Although HRH serves the most culturally diverse region 
in Toronto and is located in the northwest area with 
the largest concentration of Covid-19 cases [23], we did 

not observe an increase in mortality rate. Furthermore, 
despite the increase in ICU admissions in patients with 
in-hospital acquired events during the COVID-19 pan-
demic, mortality did not increase. This finding is in line 
with previous report of our hospital that harm rates was 
significantly lower in the years 2019–2020 compared to 
all other hospitals in the province [3].

Furthermore, in the subgroup of patients with in-hos-
pital acquired events, the in-hospital mortality rate also 
did not change during the years of the study, despite the 
increase in the ICU admissions during the COVID-19 
pandemic. It is important to emphasize that we assessed 
in-hospital acquired events, a composite of either car-
diac arrest, cerebral infarction, respiratory arrest, or 
sepsis after hospital admissions, while most of the lit-
erature reported on one component that we examined 
– in-hospital cardiac arrest (IHCA). Indeed, our find-
ing was different from previous studies reporting that 
although hospital admissions, as well as ICU admissions 
declined during the pandemic, the incidence of IHCA 

Fig. 3  a Monthly percentages of ICU admissions/total hospital admissions of patients with in-hospital acquired events. b Monthly percentages 
of in-hospital mortality of patients with in-hospital acquired events / total in hospital mortality cases. The Y axis represents the average number 
of cases admitted; X axis represents years. The grey lines represent events: 2017 line represents CC1 was implementation; 2019 line represents CC2; 
2020 represents COVID-19 pandemic

Fig. 4  a Monthly mean admissions to the Department of Medicine. b Monthly mean length of stay in the ICU (days) of patients admitted 
to the Department of Medicine. c Monthly mean in-hospital mortality of patients admitted to the Department of Medicine. The Y axis represents 
the average number of cases admitted; X axis represents years. The grey lines represent events: 2017 line represents CC1 was implementation; 2019 
line represents CC2; 2020 represents COVID-19 pandemic
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and mortality of these patients was higher [6, 8]. Indeed, 
patients who had IHCA during the COVID-19 pandemic 
had overall worse survival compared with those who had 
an IHCA before the COVID-19 pandemic [7, 8].

In our hospital, there were no significant changes in 
rates of in-hospital mortality and in-hospital acquired 
events, including cardiac arrest, cerebral infarction, res-
piratory arrest, and sepsis before and after the pandemic 
in our hospital. However, other hospitals around the 
world observed a surge in IHCA and associated death. A 
previous study at New York City Health and Hospitals-
Jacobi in the Bronx, one of the largest acute hospitals and 
public health systems in the United States reported that 
there were 125 IHCAs during a 2.5-month period during 
the peak of the COVID-19 pandemic, compared with 117 
IHCAs in all of 2019 pre-pandemic. A study from Ger-
many reported that hospital admissions declined by 23%, 
during the pandemic compared to pre-pandemic (13,994 
vs. 18,262), but a higher ratio of IHCA to hospital admis-
sions was observed (4.6/1000 vs. 6.6/1000) [6]. A study 
from Singapore reported that there were more IHCA 
incidences per 1000 hospital admissions in the COVID-
19 period, compared to pre- COVID-19 period (1.86 vs. 
1.03), and that the rate of survival to hospital discharge 
for IHCA was 5.88% in the COVID-19 period as com-
pared to 10.0% in the pre- COVID-19 period [8].

IHCA was significantly more frequent in patients with 
COVID-19 than in those without, and the severity of ill-
ness after IHCA was higher during the pandemic period 
[6]. A study from Sweden found that COVID-19 was 
involved in 16% of IHCAs and 10% of all out-of-hospital 
cardiac arrest (OHCAs), and among COVID-19 cases, 
30-day mortality was increased 2.3-fold in IHCA and 3.4-
fold in OHCA [10]. Furthermore, COVID-19 has resulted 
in a low risk of survival, a high rate of hospitalization, and 
a high number of COVID-19 patients requiring treat-
ment in the ICU [10, 24]. Indeed, in a multicenter cohort 
study of 68 geographically diverse hospitals across the 
USA, IHCA was common in critically ill patients with 
COVID-19 and was associated with poor survival, par-
ticularly among older patients and critically ill patients 
with COVID-19, 14.0% (701/5019) of these patients had 
in-hospital cardiac arrest, and 57.1% (400/701) of whom 
received cardiopulmonary resuscitation [9].

The COVID-19 pandemic was associated with a sig-
nificant reduction in stroke admission rates, but despite 
that, patients who had strokes during the pandemic had a 
higher mortality risk [25, 26]. In addition, although infre-
quent, COVID-19 has been shown to increase the risk 
of acute ischemic stroke in some patients [11, 12]. Acute 
ischemic stroke often occurs in COVID-19 patients in 
the presence of other cardiovascular risk factors, such as 
hypertension, diabetes, hyperlipidemia, atrial fibrillation, 

and congestive heart failure [12]. Indeed, ischemic 
strokes associated with COVID-19 are more severe and 
more likely to result in severe disability or death [17, 22]. 
During the pandemic, a greater percentage of COVID-
19-positive patients with stroke required treatment in the 
intensive care units, had longer length of stay, and suf-
fered in-hospital death Compared with COVID-19-neg-
ative patients [16]. These reports suggest that stroke in 
COVID-19 patients increases their risk of mortality. 
However, overall, we did not observe an increase in mor-
tality rates among all admitted patients.

Moreover, one of the most concerning complications 
in COVID-19 patients is acute hypoxaemic respiratory 
failure [13]. COVID-19 patients can exhibit lung dam-
age with low oxygenation index, often leading to acute 
hypoxic respiratory failure, with small percentages of 
patients have higher risk of in-hospital mortality [14, 15]. 
In addition, sepsis also occurred in hospitalized patients 
with severe cases of COVID-19 [18, 27]. In patients with 
COVID-19, sepsis is associated with a high in-hospital 
mortality [19, 28]. In our hospital, overall rates of in-hos-
pital acquired events remained stable before and after the 
COVID-19 pandemic.

We also observed that although the in-hospital mor-
tality rate did not increase for all admitted patients, the 
in-hospital mortality rate increased in the department of 
medicine, suggesting that there is a shift in where in-hos-
pital mortality occurred during the pandemic. This was 
similar to the previous observation that IHCAs during 
the COVID-19 pandemic occurred more often in general 
medicine wards than in ICU [7]. In addition, although 
the number of patients admitted to the department of 
medicine increased, in the sub-group of patients with in-
hospital acquired events, in-hospital mortality and ICU 
admissions did not significantly change before and dur-
ing the COVID-19 pandemic. This was in contrast to a 
previous study reporting that patients with IHCAs dur-
ing the COVID-19 pandemic had overall worse survival 
rates (3% vs. 13%) compared with IHCAs before the 
COVID-19 pandemic [7].

In our study, WIR was not significantly different 
throughout the years. Patients with a higher WIR were 
likely to be more severe cases with a higher mortality 
rate. The WIR was reported to be positively moderately 
correlate with mortality in large community hospitals 
[29]. This suggests that total cost to treat an in-patient 
was not significantly different through 2016 to 2021.

Limitations
The study was an exploratory, observational study using 
administrative data. Whether the lack of change in the 
rates of in-hospital acquired events and in-hospital mor-
tality among all admitted patients throughout the years 
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2016 to 2021 was due to the CC should be examined in 
future studies in a controlled environment. Factors such 
as vaccination, testing rate, dominant COVID-19 strain 
severity, and geographical location may affect clinical 
outcomes associated with COVID-19. Another limita-
tion is that variation in the volume of COVID patients 
may affect in-hospital acquired events and mortality rate. 
Indeed, neighbourhoods with the lowest income, vis-
ible minority residents, or a higher proportion of immi-
grants had higher incidences of COVID-19 [22, 23, 30] 
and increased mortality rates than those with the highest 
income or with the least immigrants [22, 30]. It is impor-
tant to emphasize that HRH serves the geographical 
area of the northwest of the city of Toronto, which had 
the highest COVID-19 case rates. In the city of Toronto, 
53.7% of cumulative cases were diagnosed in 25% of the 
population, with the largest concentration of cases in the 
northwest part of the city [23]. Nevertheless, despite the 
large volume of COVID-19 patients admitted to HRH, 
our study demonstrated that in-hospital acquired events 
and mortality did not change significantly before and 
during the COVID-19 pandemic. In addition, we did 
not concurrently compare our results to a different hos-
pital, but nevertheless relied on published data from our 
province, indicating that mortality increase in culturally 
diverse region in Toronto while in our hospital we did not 
observe such an increase in our hospital.

As with other technological solutions, CC may improve 
healthcare delivery, but it is important to examine the 
effect of design and the implementation of technology. 
A successful design will improve health care system per-
formance, whereas poor design will impede delivery, 
increase bureaucracy and costs. Unfortunately, staff and 
patient surveys were not conducted. Understanding the 
effects of CC implementation on staff and patients is 
important to improve process and technological features. 
In addition, the choice of data and data management are 
also critical factors for decision making and their effects 
on healthcare delivery should be also examined.

Process and outcomes measures that are related to 
response-time to the deteriorating patient, delay in 
medication administration times and other important 
variables were not assess and should be investigated in 
future studies. In our study, we did not examine safety 
metrics. A study that examined patient safety outcomes, 
concluded that a CC may improve safety, but it appears 
that the effect is mainly due to processes around the 
CC rather than the technological aspects [31]. Further 
research should evaluate the impact of CC on a variety of 
patient safety metrics.

We used administrative data of in-hospital acquired 
events, which include either cardiac arrest, cerebral 
infarction, respiratory arrest, or sepsis after hospital 

admissions. It is important that future studies will assess 
each event separately, since CC implantation may have 
different magnitudes of effect on cardiac arrest, cerebral 
infarction, respiratory arrest, or sepsis. An additional 
limitation of this study is that many confounding vari-
ables may affect our observation, including in-hospital 
acquired events, which consisted of cardiac arrest, cer-
ebral infarction, respiratory arrest, or sepsis. Future stud-
ies should confirm our findings and whether the CCs 
have an effect on different health care quality domains in 
a controlled environment.

Conclusion
While other hospitals around the world observed an 
increase in mortality and in-hospital acquired events 
(type-2) during the pandemic, we did not observe this 
pattern. These findings may be explained by the employ-
ment of high-reliability systems such as CC.

HRH is the only hospital in Canada that employed 
CC, and centralized management systems tiles CC2 to 
improve quality of care by supporting early identification 
and real-time management of patients at risk of harm and 
clinical deterioration, including COVID-19 patients. It is 
possible that our observation would be even more prom-
ising oin a post-pandemic area. The preliminary report of 
CC concept presents a unique digital technological solu-
tion that requires rigorous clinical investigation in future 
studies.
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