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Background on the Policy Briefing Report Process

Established by the President of the Royal Society of Canada in April 2020, the RSC Task Force on
COVID-19 was mandated to provide evidence-informed perspectives on major societal challenges
in response to and recovery from COVID-19.

The Task Force established a series of Working Groups to rapidly develop Policy Briefings, with
the objective of supporting policy makers with evidence to inform their decisions.
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Glossary
ABES
AKI
ARDS
CACCN
CAF
CIHI
CIHR
CNA
ECLS
HEPA
HVAC
ICU
LTC
MERS
MISC
MODS
mRNA
NP
OECD
PICS
PICS-F
PPE
PICU
PTSD
RN
RNA
RT
SARS

Aeromedical Bio-containment Evacuation System
Acute kidney injury

Acute respiratory distress syndrome

Canadian Association of Critical Care Nurses
Canadian Armed Forces

Canadian Institute of Health Informatics
Canadian Institute of Health Research

Canadian Nurses Association

Extracorporeal Lung Support

High efficiency particulate filters

Heating, ventilation and air conditioning
Intensive care unit

Long-term care

Middle Eastern Respiratory Syndrome
Multisystem inflammatory syndrome in children
Multiple organ dysfunction syndrome

Messenger ribonucleic acid

Nurse practitioner

Organisation for Economic Co-operation and Development
Post intensive care syndrome

Post intensive care syndrome in family members of ICU patients
Personal protective equipment

Pediatric intensive care unit

Post-Traumatic Stress Disorder

Registered nurse

Ribonucleic acid

Respiratory therapist

Severe Acute Respiratory Syndrome
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Executive Summary

The COVID-19 pandemic has challenged our ability to deliver life-saving acute and critical care
to Canadians more than any other stress to the healthcare system in our recent history. It has
exposed the precarious demand-capacity balance that has evolved in Canadian health care; one
where capacity just matches demand during most periods of the year.

In its 2016 report on intensive care units (ICUs) in Canada, the Canadian Institute for Health
Information (CIHI) found that ICUs had an average occupancy of 86 percent and 90 percent in large
urban hospitals and teaching hospitals, respectively. This indicates that for significant periods of
time, occupancy rates are nearly 100 percent, particularly at times of high demand such as during
“influenza season” in the winter and during a busy “trauma season” in the spring and summer.
High ICU occupancy rates, particularly those above 80 percent, have been shown to be associated
with ICU mortality, hospital mortality, and ICU readmission within seven days of discharge. Based
on this, it has generally been advised that ICUs should have an average occupancy of no more
than 80 percent to be able to respond to surges in demand.

In addition to augmenting public health and acute health care capacity in Canada, this pandemic
has shown us the need and value of cooperation across health systems. Without the regional
and inter-provincial/territorial cooperation and transportation of critically ill patients that was
undertaken, many more patients would have suffered or died from an inability to receive the
care they needed. This is a demonstration of the ability and necessity to evolve our federally
supported and provincially/territorially administered system of acute care to one that is more
nationally connected and perhaps federally incentivized as a component of the transfer payment
system.

It is also now clear that an effective health system response to a new illness demands the readiness
to conduct the research needed to establish effective treatment on a national basis. The most
efficient mechanism to quickly learn what does and does not work is to have a pre-existing
national network of research infrastructure — investigators and research coordinators as part of a
durably funded national acute and critical care network, conducting clinical trials, with pre-existing
research ethics and contract agreements. National funders, regulators, research ethics boards,
and researchers need to be ready to respond immediately to a declared public health crisis with
input from patients, the population, and other stakeholders. In addition, involved stakeholders
need to establish focused national observational and experimental research priorities that this
network will turn its attention towards, focusing on sufficiently powered research designs that will
definitively answer questions, as opposed to many individual and uncoordinated projects.

We have learned that pandemics have long-lasting effects on patients, health care workers, and
the general population. An important element of this pandemic response should now be focused
on preventing and treating post-COVID-19 syndrome in patients, supporting the mental and
physical health of health care workers and solidifying the national research infrastructure needed
to respond to the next health care crisis.

We must not forget what we have learned and continue to prepare for the next pandemic. In
its 2004 report, The National Advisory Committee on SARS and Public Health found that there
was much to learn from the outbreak of SARS in Canada - in large part because too many earlier
lessons were ignored.
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In 2006, Mr. Justice Archie Campbell, Chair of the SARS Commission wrote:

“SARS taught us lessons that can help us redeem our failures. If we do not learn the
lessons to be taken from SARS, however, and if we do not make present governments
fix the problems that remain, we will pay a terrible price in the face of future outbreaks
of virulent disease”.

Canada needs to understand the impact of the COVID-19 pandemic on the country and to
prepare for the next pandemic. As of June 5%, 2022, this pandemic has caused the deaths of
41,354 Canadians over 26 months, a higher death rate than that seen in World War Il in which
45,500 Canadians died over 5 and a half years. Viruses are jumping across species constantly
and new outbreaks are likely to occur more frequently as humans increasingly encroach on other
species’ habitats. Future pandemics caused by novel pathogens with case fatality rates higher
than experienced with COVID-19 are not only likely but are inevitable.

High levels of immunity to COVID-19 must be maintained in the Canadian population

Although most people becoming sufficiently sick from COVID-19 to require hospitalization have
been unvaccinated, fully vaccinated individuals represent 20 to 25 percent of hospitalizations and
10 to 12 percent of ICU admissions. These serious breakthrough infections are typically occurring
in older individuals more than 6 months following their second vaccination shot. However, younger,
apparently healthy fully immunized individuals are also contracting the infection, possibly due to
a combination of decreasing levels of neutralizing antibodies over time and transmission from
infected individuals with high viral loads and new variants. In Ontario, according to the Science
Table, even with the omicron variant, unvaccinated people are currently almost six times more
likely to be hospitalized, and almost 12 times more likely to require care in an ICU, than a
person who has received two or three vaccines and booster shots. Put simply, the best way to
prevent our ICUs becoming overwhelmed by COVID-19 infections again is to maintain a high
level of immunity, including booster shots in the Canadian population.

Vaccination against a viral pathogen with such high prevalence globally is without precedent and
we, therefore, have found ourselves in unchartered waters. However, as long as vaccines remain
effective, a higher uptake of the vaccines will: (1) reduce the number of COVID-19-related deaths,
(2) stem the spread of the transmissible strain of the virus, (3) reduce risk of other, potentially more,
virulent strains evolving in the future, and (4) dramatically reduce the impact of the pandemic on
our healthcare systems.

Without maintenance of immunity, Canadians and the health care system remain at risk. Public
health officials and the medical profession must work to gain the trust of the population regarding
the benefits of vaccination and work to increase the percentage of people who are fully immunized,
recognizing that the definition being fully immunized will evolve over time.

Canada’s ICU capacity must be expanded significantly

The ability to increase ICU capacity in response to a surge in critically ill patients is severely lacking
and has been the case for some time in many provinces in Canada. Consequently, each province
must consider how to increase the number of staffed ICU beds available for invasive mechanical
ventilation and multiple organ support. In the first instance, this will require accurate regular
reporting of the number of staffed, funded ICU beds available for the care of a critically ill patient
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requiring mechanical ventilation. Subsequently, funding will be required to expand existing ICUs
and build new ones, as well as funding for the increased numbers of healthcare professionals
needed to deliver critical care. This will require careful consideration at all levels of government
and, likely, federal financial support. The eventual model would see an average occupancy in
Canadian ICUs of no more than 80 percent, but with clear plans to rapidly increase ICU beds to
200 percent of regular occupancy in the event of a severe surge or another pandemic.

Since most ICUs in Canada operated at, or close to, 100 percent occupancy prior to the pandemic,
an average increase of at least 20 percent in ICU beds over current capacity is necessary nationally,
although some provinces will require a significantly higher percentage as their current ICU capacity
is insufficient. One of the challenges is being able to allocate skilled human resources to other
tasks when ICUs are less busy and being able to repatriate them when demand for critical care
increases.

Critical care professionals must be retained, and new professionals recruited

New hospitals and ICUs are of little value without trained health professionals to work in them. Even
prior to the pandemic, there was a shortage of nurses, including in ICUs. Critical care professionals
have been warning of an impending workforce shortage, especially in ICUs, during the remainder
of this pandemic and into the future. Because of the stress, ICU staff are struggling, many have
already left their positions, and some are leaving the profession entirely. Unfortunately, it is likely
that more professionals will leave in the coming months and years.

There has been extensive media coverage and concern expressed by professional associations
about the physical, mental, and psychological impact of COVID-19 on the critical care workforce.
Twenty-five months of constant exposure to suffering, death, and dying in understaffed, under-
resourced, and often unsafe working environments have led to serious and potentially long-term
negative consequences and strain on the health of critical care professionals including RNs, RTs,
intensivists, and support staff.

Timely and easily accessible psychological services should be made available to the critical care
staff since many have yet to process the traumatic experience they are currently living and have
yet to unravel the extent of their emotional distress. This may have a significant impact on the
retention of critical care staff at the end of this pandemic. It has been suggested that workplace
violence, staffing shortages, and health care burnout are all connected.

An additional factor causing further moral distress in critical care staff is the inappropriate
behaviour toward them by a vocal minority of patients, family members, and sections of the
public. Critical care professionals are being exposed to verbal abuse that includes sexist and
racist hate messages, as well as angry notes on their vehicles, death threats, baseless complaints,
assault, anger, and mistrust, particularly during the 4" wave. These acts of violence are not only
contributing to workers worsening mental, psychological and physical health, but is putting their
lives and safety at risk. The Canadian Medical Association and the Ontario Medical Association
are calling for legislation to protect health care workers and patients from aggressive protestors.

The impact of this ongoing pandemic on the critical care workforce cannot be minimized. It is
imperative that governments, hospitals, and health authorities implement strategies to train,
retain and recruit this immensely valuable highly skilled workforce to ensure the delivery of quality
care to Canadians that require care in our ICUs.
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Canadian acute care hospitals must be upgraded

Many older hospitals in Canada struggled during waves of the pandemic to even provide an
adequate and consistent supply of oxygen under the burden of the numbers of seriously and
critically ill patients.

The heating, ventilation, and air conditioning (HVAC) systems in many older hospitals have not been
upgraded to the current standard (12 air exchanges per hour) required when aerosol generating
procedures are performed. When designing new hospitals, it is important to incorporate features
that prevent airborne transmission of pathogens. Patients admitted for non-COVID-related
illnesses were placed in rooms and open wards where they contracted the infection. Hospitals
across Canada have reported significant numbers of outbreaks of hospital acquired COVID-19
infections that have resulted in illness and deaths of vulnerable patients and staff.

ICUs in many hospitals struggled with having to place two patients in cubicles built and equipped
to care for one patient. It is time to examine the state of our acute care hospitals in Canada,
consider how we can upgrade our hospital infrastructure to modern standards, where necessary,
and to construct modern, state-of-the-art hospitals.

New hospital buildings must be acuity adaptable

As new hospitals and wings are planned and constructed across Canada, careful consideration
should be given to incorporating acuity adaptability into the design and functionality of these
new buildings. In particular, consideration should be given to supplying regular medical/surgical
units with additional gas, suction, power, and data outlets so that they can be readily converted to
the care of critically ill patients. In addition, these hospitals should have concealed gas, vacuum,
power plumbing, and data outlets in non-clinical areas such as conference rooms, underground
car parks, and even entrance hallways to enable those areas to become medical units in the event
of a pandemic.

We must understand that SARS-CoV-2 is not finished with us

While it is widely hoped that the combination of immunization and natural infection is leading to
the end of the pandemic, it is now clear this virus and future variants are not yet finished with us.
The appearance of omicron and its many subvariants, make it clear that the virus has the capacity
to mutate frequently and to create variants that have the potential to evade the immunity provided
by our vaccines. Although fewer individuals infected with omicron have become seriously ill, this
variant is so much more transmissible that hospital systems have been put under severe pressure.
It has been widely stated that as viruses evolve, they tend to become more efficient at transmission
and to also cause less serious illness after two years of dealing with COVID-19. However, the
reality is that RNA viruses, such as SARS-CoV-2, mutate in a random fashion so there is no reason
they cannot also cause more serious disease. In this respect, higher transmission rates increase the
evolutionary potential of the virus by increasing the input of new mutations, potentially resulting
in even more virulent strains.

In a best-case scenario, COVID-19 will become endemic. A pandemic is an emergency, with
disease spreading out of control across countries and continents. “Endemic” suggests the
infection is regular, present intermittently and predictable. However, if the pandemic stages fades
and COVID-19 becomes endemic, it is critical that diagnostic testing capacity is not lost, that
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appropriate stores of personal protective equipment are maintained and that health systems
remain capable of responding to new surges of the disease.

The federal and provincial governments must conduct honest and open in-depth reviews
of their pandemic responses and initiate the development of a system of coordinated
responses

The Canadian provinces have varied greatly with regards to when and how they implemented
public health restrictions and vaccination mandates. Despite pleas from intensivists and public
health experts, some provinces delayed the implementation of effective public health measures
resulting in needless deaths and the eventual requirement to evacuate critically ill patients to
hospitals in other provinces. Similarly, as COVID-19 cases surged in the early autumn of 2021
some provinces prematurely discontinued public health measures and ignored pleas from experts.
Additionally, some provinces delayed the implementation of vaccine mandates and have been the
first to remove them, as well as masking requirements. It is evident that it is unwise for jurisdictions
to rely on vaccines alone, particularly when their rates of vaccination, including booster shots is
low. It is also apparent that the timing of initiation and removal of public health measures is vital
to manage the severity of surges of severe illness due to COVID-19.

Despite messaging from some provinces, the pandemic is not yet over, and COVID-19 is not yet
endemic. It is vital that each province and territory should perform an open and honest interim
analysis of their individual responses and that the Government of Canada should conduct an
interim review of the impact of the pandemic on health systems in the country to determine how
to manage future waves of infection from yet unknown variants.

Formal mechanisms need to be developed to ensure consistency in public health responses,
in line with acute hospital and critical care capacity across Canada. Additional mechanisms
need to be developed to rapidly facilitate licensing requirements for health professionals being
redeployed from one province to another. The Government of Canada must be prepared to enact
the necessary emergency powers to protect its citizens, regardless of where they live, should the
provinces not act appropriately if a new highly resistant variant develops.

The following is a list of other recommendations in the report

* Accurate national data should be collected on the number ICU beds capable of providing
mechanical ventilation and other necessary supportive care to patients with multiple organ
failure.

* In addition to increasing ICU capacity and staffing, as recommended above, a selected
group of non-ICU nurses in each hospital should be trained in critical care and be available
if required. Their skills should be maintained by intermittent scheduled shifts in the ICU.

e Although the PICUs provided substantial assistance to the care and outcomes of adults, it
may be more efficient to maximize adult ICU capacity and to send staff to the adult ICUs
rather than send adult patients to PICUs.

* Strategies need to be implemented now to ensure appropriate use of adult and PICU
resources during future crises.
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Provincial licensing bodies should be prepared to rapidly provide licenses for intensivists
and other ICU health professionals from other provinces and territories in the event of a
surge in demand for ICU beds.

Health Canada, the Department of National Defence, and provincial departments of health
should prepare contingency plans for the evacuation of critically ill patients to ICUs in other
provinces in the event a province’s ICUs are being overwhelmed.

ICU Triage Plans should be standardized across all provinces and territories and the public
should be made aware of their existence.

With appropriate precautions, family members and close friends should be able to visit
patients in the ICU.

Increased funding should be allocated for the development and operation of specialized
ICU Survivor Clinics. These would provide ongoing care in a holistic manner, including
mental health issues, for patients with Post Intensive Care Syndrome.

Strategies should be implemented to actively monitor the well-being of the critical care staff
to prevent moral and psychological distress, and to ensure that the impacts of workload
changes are properly understood and mitigated where possible.

Mental Health Liaison Teams should be developed to facilitate and assist families navigating
the system, and to ensure they receive appropriate mental health support in the community

Clinical research must be integrated into and across our health systems.

A discussion should be initiated on the lack of clinical research within Canadian health
systems, and its consequences.

Clinical and biological should be collected nationally for research purposes.

A standard trial contract agreement template, should be available at research institutes
across Canada.

COVID-19 Pandemic: The Impact on Canada’s Intensive Care Units
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COVID-19 Pandemic: The impact on Canada’s Intensive Care Units

Introduction

This report reflects on the impacts COVID-19 has had and continues to have on intensive
care services in Canada. It does not intend to provide an encyclopedic review of the science
underpinning the care of patients with severe COVID-19, but rather aims to provide an overview
for the public, those involved in health service administration, and provincial and federal public
servants and politicians.

In a pandemic, the Federal Government is responsible for setting and administering national
standards for the health care system through the Canada Health Act and providing funding support
for provincial and territorial health care services. However, in Canada, delivery of health services
is the responsibility of each province and territory, and they have organized and governed their
healthcare delivery systems differently, depending on history, geography, population density, and
local politics.

Population-level public health restrictions on travel and public gatherings have been implemented
in many countries, including Canada, to slow virus transmission. Such restrictions have often been
precipitated, in part, by the need to prevent or relieve pressure on hospitals and particularly on
ICUs. In northern ltaly, ICUs were overwhelmed at the start of the first wave of the pandemic.
This resulted in increased deaths and the need to urgently develop and implement an ICU triage
protocol (Faggioni et al. 2020).

Canada has one of the lowest numbers of acute care and staffed ICU hospital beds within the
38-member Organisation for Economic Co-operation and Development (OECD) countries.
This has created a situation where the Canadian health care system has typically operated at or
close to 100 percent capacity during waves of the pandemic. Consequently, in most provinces
wide-reaching public health restrictions and postponement of booked medical procedures were
implemented to preserve the ability to deliver appropriate care to the large numbers of patients
with severe COVID-19 related illnesses.

In this report we will attempt to answer several questions:

e Whatis an ICU and how is it staffed?
* What was the impact of COVID-19 on ICUs in Canada?

* How could such a small proportion of critically ill COVID-19 patients overwhelm Canadian

ICUs?

* What is the course of illness and required treatment for critically ill patients with COVID
-197?

* What measures were employed by hospitals and health authorities to create extra ICU
capacity?

e  What was the impact on pediatric ICUs?

e What is the psychological impact on critical care professionals of working continuously
under such severe pressures for 20 months?

e What is the impact of an ICU admission on survivors and their family members?
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e What is “Canada’s Critical Care Research Agenda Related to COVID-19", has it improved
our healthcare systems’ response to the pandemic, and what does this pandemic teach us
about research gaps?

e How should Canada and its provinces respond to additional waves of COVID-19 and to
future pandemics caused by novel pathogens?

History of ICUs

Harvey Cushing developed the first hospital area devoted to the care of patients following major
neurosurgical procedures at the Peter Bent Brigham Hospital in Boston. This combined with
surgical advances reduced the post-operative mortality dramatically from close to 90 percent to
8 percent. Cushing’s postoperative surgical ward only relied on meticulous and frequent clinical
observation, having none of the monitoring and other equipment available in ICUs today. This
approach was subsequently used to improve patient care and outcomes following major cardiac
and thoracic surgery. However, the major advance came in 1952 during the massive polio outbreak
in Denmark. The Blegdam Hospital in Copenhagen was overwhelmed by hundreds of mainly young
patients most of whom would die due to paralysis of their breathing muscles, unless artificially
ventilated. There were not enough “iron lungs” to treat everyone, so patients were ventilated
through a tracheostomy tube attached to a stiff rubber bag. This approach, was successful in
saving thousands of lives in countries around the world, including Canada. Since then, critical care
medicine has advanced considerably and become a specialty (Hollingham, 2020, Kelly, 2014).
Tens of thousands of Canadians who would otherwise have died have had their lives saved in ICUs
across the country.

What is an intensive care unit and how is it staffed?

ICU Staff and Environment

Critical care is the level required by a profoundly ill patient who has a risk of dying without it.
While critical care services may be temporarily provided anywhere in a hospital, after the initial
stabilization of a patient they are usually provided in an ICU by specially trained professionals.
Intensive care services are required to provide potentially life-saving therapies to the most seriously
ill patients within acute care hospital settings.

The hallmarks of an ICU are the highly trained, multidisciplinary, inter-professional critical care
staff and the use of specialized technology. The passion of ICU staff fuels an ethos of excellence
that permeates the intensive care continuum. Critical care nurses have usually had experience
in other hospital areas and 3-6 months of speciality-level education before commencing in the
ICU. Foundational care for each patient in the ICU is provided by a bedside nurse, typically on a
one-to-one basis. At the hospital and health system level, each ICU bed requires up to 5 critical
care trained nurses to cover all shifts (typically 12 hours at a time), when considering time off
and vacations. In addition, there as respiratory therapists, responsible for multiple patients, who
assess, aid, and augment the patient’s breathing using specialized devices including mechanical
ventilator.

Intensivists are physicians and surgeons who have typically completed 3-4 years of undergraduate
education, 4 years of medical school, 3-4 years training in a base specialty (internist, pediatrician,
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anesthesiologist, emergency physician, or surgeon) before undertaking 2 years of critical care
medicine residency training.

Other crucial and important allied health professionals providing patient care in an ICU include
clinical pharmacists, occupational therapists, dieticians, speech-language pathologists and social
workers.

Beyond these health care professionals, patients in ICU often have a daily need for diagnostic
imaging, blood and body fluid testing in clinical laboratories, and frequent consultation from
additional medical and surgical specialists. In short, just as it is often said that a community is
required to raise a child, it might also be said that an entire hospital is required to support and
deliver essential intensive care services. While the challenges of providing excellent intensive care
services may be concentrated within the walls of the intensive care unit, the resource implications
of intensive care delivery systems are shared and felt across the entire hospital, and indeed health
system.

Critically ill patients admitted to an ICU are surrounded by a large amount of sophisticated medical
equipment (Table 1) used to continuously monitor, support, and manage the patient’s condition.

Table 1. Equipment used to provide care in an ICU

Physiological To continuously display cardiac, respiratory, and neurologic status.
monitors
Infusion pumps To accurately deliver specific concentrations of medications used to

support blood pressure and sedation and to infuse other medications
such as antibiotics, neuromuscular blockers, etc.

Point of care To evaluate cardiac function, guide central venous catheter insertion and
ultrasound assess status of lung parenchyma.

Mechanical To support breathing and supply high concentrations of oxygen.
ventilators

Hemodialysis To remove excess fluid and toxins in patients with severe kidney injury.
machines

Heart-lung To provide additional support for patients whose heart and or lungs

bypass machines  are too sick for the other ICU therapies alone. This therapy is called
extracorporeal lung support (ECLS) or extracorporeal membrane
oxygenation (ECMO).

Regionalization of Advanced Critical Care Services

All ICUs should be capable of providing care to a patient with lung injury requiring straightforward
mechanical ventilation and blood pressure support using intravenous fluid resuscitation and
vasopressors or inotropes. However, very critically ill patients may require more sophisticated
and complex therapies such as various forms of renal replacement therapies, plasmapheresis,
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and extracorporeal lung support (ECLS), often available only in large tertiary care referral centres.
Therefore, while COVID-19 has placed huge strains on the healthcare system as a whole and
on the ICUs in particular, they were greater for ICUs in teaching and large urban hospitals that
provide care for the sickest of the sick in Canada.

The Critical Care Workforce

ICUs were created out of a need for a separate physical space where nurses would closely monitor
and provide specialized and personalized care to injured, postoperative, and severely ill patients.
With the advent of intensive therapies, single and multi-organ support devices, and critical care
monitoring equipment care has evolved into critical care medicine (Weil & Tang, 2011; Scales, D.
2020) where a complex interconnected network of healthcare specialists and technology work in
synchrony to achieve the best possible health outcome for critically ill patients (Scales, D., 2020).

Departments of Critical Care within hospitals or health systems may be responsible for one or more
ICUs, and typically, are led by a dyad of an experienced intensivist and a nursing director. Health
professionals from professions other than nursing may also lead the non-medical component of
these departments or ICUs.

Accessing recent Canadian data on the critical care workforce has proven to be a challenge;
this is an issue of concern for pandemic and surge capacity planning. In the following sections,
the information on the availability of the critical health human resource pool that was, and to
some extent still is, the backbone of intensive care service as applied to COVID-19 is presented.
COVID-19 has exposed the absence of accurate information on our intensive care workforce as a
risk which needs to be addressed to improve Canada’s pandemic preparedness and response in
the future.

Critical Care Nurses

Critical care nurses provide continuous bedside care for patients experiencing life-threatening
illnesses. They are highly specialized nurses that use their expert knowledge, skills, and advanced
problem-solving abilities to support these critically ill patients and their families throughout their
ICU stay (Canadian Association of Critical Care Nurses, 2017).

Even before the onset of COVID-19, many hospitals across the country struggled with understaffing
and lack of trained critical care registered nurses. Coupled with the fact that many ICUs in Canada
run at 90 to 100 percent capacity, there has been even greater pressure on the ability to provide
the high level of care required in critical care during the current pandemic. In addition, the physical
pressures of overwork and psychological trauma are driving ICU nurses from the profession in
increasing numbers (see below).

In 2019 there were 20,084 identified critical care registered nurses (RNs) or nurse practitioners
(NPs) in Canada. However, this is likely and underestimate. (CIHI, personal communication, April
2020).

The last available registered nursing workforce profile report from the Canadian Nurses Association
(CNA) dates to 2011 (Canadian Nurses Association, 2013). This document, provided the following
demographic data specific to critical care :
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Table 2. Profile of ICU nurses in Canada
The average age of a critical care nurse is 40.4 years.
90.9% of critical care nurses are women.
63.4% work full-time, 28.5% work part-time, and the remaining work on a casual basis

94.4% of critical care nurses have a staff nurse position, whereas 1.7% are in a managerial
position and 3.9% are in another position (not specified).

56.7% of critical care nurses are Diploma prepared, 41.2% are Baccalaureate prepared, and 2%
are Master's prepared.

There is great interprovincial variation in the duration, content, and mode of delivery for training
and preparation of critical care nurses and post-registration specialty programs can range from
a 6-week hospital-based orientation to a 6-month critical care certification in a post-registration
educational program (Gill et al, 2011; Rose et al, 2007). A higher ratio of registered nurses with a
critical care qualification result in better patient outcomes, especially when coupled with specialty
certification (Bloomer et al, 2019; Kendall et al, 2009).

The Canadian Nurses Association (CNA) provides specialty certification in both adult and pediatric
critical care via a national examination. Specialty certification has been shown to positively
affect patient outcomes including lowering mortality, complications, failure to rescue, falls, and
healthcare-associated infections and increasing patient satisfaction. Nurses’ outcomes, such as
greater knowledge/skills, empowerment, and job satisfaction were also positively affected, as well
as organizational outcomes including a lower intent to leave, turnover and vacancies (Halm, 2021;
Coelho, 2019; Conley, 2019). According to the latest CIHI Nursing in Canada report (2021), there
were 975 and 140 nurses certified respectively in adult and pediatric critical care in 2020. Since
2011, 12,141 nurses have been certified in adult critical care and 1,364 in pediatric critical care.
However, there are no data showing the total number of Canadian critical care nurses who have a
post-registration qualification in critical care nursing. As of this day, it is unclear how many of these
certified nurses continue to practice in critical care.

Staffing models, as outlined in consensus guidelines for critical care, include one RN to one to two
patients depending on a patient’s acuity (Chamberlain et al, 2017; Bloomer et al, 2019). Nurse-to-
patient ratios are contextually based and should reflect variability in census and acuity (Canadian
Association of Critical Care Nurses, 2019). In this respect, health professionals providing care
to COVID-19 patients had higher workloads due to the need for donning and doffing personal
protective equipment but, in particular, because of the need to prone these patients with severe
pneumonia, which takes at least 6 nurses to perform safely. In addition, patients receiving ECMO
treatment have high nursing workloads.

Patient safety and critically ill patient outcomes are impacted by several factors including nurse-to-
patient ratio and the education level of critical care nurses. Several studies have shown that when
a nurse-to-patient ratio decreases (from a ratio of one nurse to one patient [1:1] to a ratio of one
nurse to two or three patients [1:2 or 1:3]), patient safety is jeopardized, and patient outcomes can
be negatively affected. For example, reduced critical care nurse staffing is associated with increased
mortality rates and increased risks of hospital acquire infection, and may also be associated with
increased hospital costs, lower family satisfaction, and lower nurse-perceived quality of care (Rae
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et al, 2021). The level of nursing education of critical care nurses has also been shown to impact
patient outcomes (Aiken et al., 2014, Conley, 2019).

The impact of COVID-19 for critical care nursing has been complex. Given the time required to
train new critical care nurses and for them to develop their expertise, not all strategies to increase
the capacity of critical care nursing are equally effective. Assuming that rapidly upskilling nurses
from subacute practice areas is the primary solution for critical care nursing staff shortages is
a dangerous one as it could negatively impact critically ill patients. Furthermore, it shows little
recognition of the knowledge, skill and expertise critical care nurses require to care for this patient
population (Wynne et al, 2021, Tomblin-Murphy et al, 2021). We recommend that future pandemic
preparedness planning teams critically review different human resource management strategies,
including the use of a team model of care, and evaluate their impact on patient safety, healthy
work environments, and nurses’ well-being and job satisfaction.

Respiratory Therapists

Respiratory Therapists (RTs) are highly skilled health care professionals who assist physicians and
nurses in the diagnosis, treatment, and care of patients with respiratory and cardiopulmonary
disorders. They use their knowledge and skills to provide safe and high-quality care to those
experiencing breathing difficulties in a variety of settings, including the neonatal, pediatric, and
adult intensive care unit.

In 2019 there were 12,294 practicing RTs in Canada (CIHI, 2019), with somewhat different profiles
(Table 3) :

Table 3. Profile of respiratory therapists in Canada, according to Canadian Society of Respiratory Therapists
(2019)

52% of Respiratory Therapists are 20-39 years old

59% report area of practice being primary Critical Care

51% of Respiratory Therapists have a Diploma level of education

41% of Respiratory Therapists have a Baccalaureate Degree level of education

RTs require a 3 or 4-year college diploma or university degree program in respiratory therapy,
which includes clinical training at one of 23 nationally accredited programs. Unlike critical care
nursing, RTs are generalists capable of working in all areas of practice, including critical care,
without additional training.

Early in the pandemic, there was concern that there would not be enough ventilators due to
increasing numbers of COVID-19 patients requiring ICU admission. In March and April 2020, the
federal government added 30,000 new ventilators to national stockpiles (West 2021). However,
by the 3 wave, it became clear that limited human resources were the largest barrier to providing
care to critical care patients, as using a ventilator safely and effectively requires formal training
and ongoing competency. Studies have shown that RT-driven care can lead to decreased ICU and
hospital days (Harbrecht et al, 2009). Ventilation strategies and in turn ventilator modalities have
become increasing more complex over the last few years. Acute respiratory distress syndrome
(ARDS) patients have traditionally been amongst the most complex to ventilate, with their mortality
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directly linked to the ventilation strategy utilized (Pelosi et al, 2021). Ciritically ill covid patients
ventilated in ICU all present with or develop ARDS and this increased ARDS patient load has
presented a never seen before challenge for the RT workforce. It required new and innovative
strategies to both avoid ventilation or to reduce the damage caused by ventilation.

The nationally accepted standard for workload for RTs in critical care is one for five patients on
respiratory support (i.e., ventilation, non-invasive ventilation) (West et al 2016). Investigations

have demonstrated the effectiveness of RT-driven respiratory care in acute care (Harbrecht et al,
2009, Kollef et al, 2000).

During the pandemic in some ICUs in Canada workload increased so that one RT provided
care to 12 patients on respiratory support, and many were asked to take on additions roles and
responsibilities that they would normally not undertake. To meet the needs many RTs came out
of retirement (West, 2021) and, in some jurisdictions, RTs trained physicians without pulmonary
or critical care backgrounds to help fill the workforce gap. This shortage of trained RTs will not be
quickly resolved as there only about 550 graduates from programs in Canada each year.

Clinical Perfusionists

Clinical Perfusionists set up, operate, monitor, maintain, transport, wean, and discontinue
mechanical devices used for circulatory support in patients undergoing certain surgeries or
requiring additional circulatory support for cardiopulmonary illnesses. They are highly specialized,
crucial healthcare professionals who mainly work with the wider cardiovascular surgical team in
the operating room and in intensive care units, in both adult and pediatric settings. (Government
of Canada, 2016; University Health Network, 2021)

There are 327 specialists certified with the Canadian Society of Clinical Perfusion (Canadian Society
of Clinical Perfusionists, personal communication, August 2021).

Clinical perfusionists must complete a respiratory therapy or registered nursing program with a
minimum of one year of work experience as a respiratory therapist. Alternatively, they may be a
registered nurse with a college or university program in clinical perfusion, including clinical training
(Government of Canada, 2016). There are only three programs for the training of perfusionists in
Canada: Michener Institute for Applied Health Sciences in Toronto, I'Université de Montréal, and
the British Columbia Institute of Technology (University Health Network, 2021).

The use of Extracorporeal Lung Support (ECLS) has become common in a small number of
Canadian tertiary care health centers equipped to offer this therapy to critically ill patients with
severe COVID-19 related ARDS. Clinical perfusionists are active and essential members of the
multidisciplinary team caring for those on ECLS (Parhar, 2020).

Critical Care Physicians/Intensivists

Intensivists typically complete university undergraduate and medical education, followed by
postgraduate clinical training in a base specialty, sometimes a subspecialty, and finally a 2-year
residency training in critical care medicine. They may specialise in recognizing and managing acutely
ill adult patients with single or multiple organ system failure requiring ongoing monitoring and
support, or with infants, children, and adolescents who have sustained, or are at risk of sustaining
life threatening, single or multiple organ system failure due to disease or injury (Canadian Medical
Association, 2019)..
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Table 4. Profile of intensivists in Canadian hospitals according to the Canadian Medical Association’s profile re-
port on Critical Care Medicine (2019)

Thereare 491 intensivistsin Canada (approximately 1.3 intensivists/100,000 population).
68% of intensivists are aged between 35 and 44 years old.
71% of intensivists are men, 29% are women

59% of intensivists work in an academic health sciences centre, with the remainder
working in non-academic health sciences centre hospitals or in administration.

As evidenced by the scarce amount of demographic information on the Canadian critical care
workforce provided in this report, there is a need for more robust, accessible, and up-to-date data
to ensure relevant evidence-informed surge planning and workforce mobility. In addition, these
data would help support health organizations and associations in answering their professional and
educational needs.

What was the impact of COVID-19 on ICUs in Canada?

A 2021 Canadian Institute for Health Informatics (CIHI) report shows that from March 2020 to June
2021, there was a monthly increase of about 3,000 inpatient admissions for respiratory conditions,
and a total of 14,000 additional patients in ICU compared with the pre-pandemic data (Figure
1). This increase was not evenly distributed; each successive wave of COVID-19 saw a higher
number of patients with respiratory conditions and put added pressure on hospitals for beds and
specialized resources such as ICU beds and ventilators. By April 2021, 87 percent of respiratory
admissions to the ICU were for COVID-19 infections. COVID-19 displaced most other common
respiratory illnesses such as pneumonia and chronic obstructive pulmonary disease, illnesses that
would normally require the same hospital resources. . By Wave 3 in the spring of 2021, the need
for ICU care and mechanical ventilation for patients with respiratory distress had increased by

approximately 400 percent compared to pre-pandemic (Canadian Institute for Health Information,
2021).
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Figure 1. Change in care for respiratory conditions during the pandemic, March 2020 to June 2021. (Reproduced
with permission of Canadian Institutes of Health Information, 2021).

Globally the COVID-19 pandemic has placed enormous strains on hospitals, particularly on
intensive care units and healthcare professionals. From the start of the pandemic in March 2020 until
September 2021, the Canadian Institute for Health Information-has detailed national information
on 103,376 patients hospitalized in 9 provinces (Quebec data unavailable) and 3 territories: 23,751
patients had been admitted to ICU and 13,978 (58.9 percent) required mechanical ventilation.
Twenty-eight percent of those admitted to an ICU died (Statistics Canada 2021) and as of April
10, 2022, 37,928 have died in Canada from COVID-19. In addition to the official death toll of
COVID-19 it has been reported that, based on an analysis of excess deaths beyond expected
during the pandemic, deaths due to COVID -19 may twice the official number reported. (Moriarty
et al, 2021).

Appendix B shows the impact of various waves of hospitalizations and ICU admissions across
Canada. The third wave in the spring of 2021 caused primarily by the delta variant resulted in the
most ICU admissions overall. However, the fourth wave in the autumn of 2021, again associated
with the delta variant, caused the most ICU admissions in Saskatchewan and Alberta. The fifth
wave, caused by the extraordinarily highly transmissible omicron variant and its subvariants,
resulted in the most cases nationally, and resulted in a high number of hospitalizations but a
manageable number of ICU admissions. Each wave caused disruption in the ability of hospitals to
perform planned surgical and other procedures.

Appendix B shows the waves of COVID-19 hospitalizations and ICU admissions across Canada
over the duration of the pandemic.
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The national data on the number of patients with COVID-19 hospitalized and admitted to ICU
per million population showed that the highest numbers were in prairie provinces (Figure 2). The
causes could include lower vaccination rates, as well as the delay in implementing and earlier
removal of mitigation strategies by the public health agencies in these provinces compared with
other parts of the country. Furthermore, these provinces have some of the lowest ICU capacities
in Canada (see Fig. 3).

How Did Such a Small Proportion of Critically lll Patients with COVID-19 Overwhelm
Canadian ICUs?

During a pandemic or major localized outbreak, public health measures such as masking, improving
ventilation, hand sanitizing, physical distancing, and varying degrees of societal lockdown are
used to reduce the spread of infection. The intensity of the measures may depend on the rate
of infection and the impact on hospital, as well as the impact on the health system as a whole.
(Institutes of Medicine, 2007). The challenge of managing large numbers of patients critically ill
with COVID-19 overwhelmed hospitals and ICUs during the waves of this pandemic. In turn, this
influenced the timing and severity of the public health restrictions implemented at varying times
provincially, nationally and internationally.

In recent years hospitals and provincial health authorities across Canada have worked hard to
make acute care as efficient and lean as possible by reducing the numbers of acute care hospital
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beds and increasing care in the community. Consequently, Canada has one of the lowest numbers
of acute care hospital beds in the 38 nation OECD (Fig. 3).

Acute Care Hospital Beds/1000 population

Japan | 7.74
Germany I 5.05
NWiedgclel ER
France [N 3.00
Ireland NG 2 .69
Italy I 2.60
USA I 2 .46
New Zealand NN 2 .46
Israel NG .15
Canada N 1.90
Sweden N 1.90
Colombia NG 1.48
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Figure 3. Acute care hospital beds per 1,000 population in a selection of countries in the 38 country Organisation
for Economic Co-operation and Development (OECD). (Statista 2021).

This explains why Canada currently has the highest acute care hospital bed occupancy of all
countries in the OECD (Figure 4). Taking an economic perspective to provide an efficient, lean
care left Canadian hospitals in a precarious situation during the current pandemic as beds used
to accommodate acutely ill Covid patients displaced other patients who would otherwise be
receiving care in those beds. High occupancy of curative (acute) care beds can be symptomatic
of a health system under pressure. Some spare bed capacity is necessary to absorb unexpected
surges in patients requiring hospitalisation. Although there is no consensus about the “optimal”
occupancy, an average occupancy of 85 percent is often considered a maximum to reduce the risk
of bed shortages (OECD 2021, National Institute for Care Excellence (NICE, 2018).

Canada’s excessively lean acute hospital capacity has also contributed to the huge backlog of over
700,000 surgical procedures and an unknown number of diagnostic procedures, as hospital spaces

and healthcare personnel were reallocated to the care of patients with COVID-19 (Government of
Canada, 2022).
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Figure 4 shows the average percentage occupancy of acute care hospitals in selected countries in the OECD.
(OECD 2021).

Canada also has one of the lowest numbers of ICU beds on a population basis among several OECD
countries (Figure 5). Germany, with the highest number of ICU beds by population, was able to accept
113 ICU patients from ltaly, France, and the Netherlands when the ICUs in those countries were
overwhelmed (Fowler et al, 2015, McCarthy, 2020, Statista 2021). The low ICU capacity across Canada
(Table 2) was a major issue that led provincial governments to enact public health measures including
stay-at-home orders and school closures in waves 2 and 3 of the pandemic (Detsky and Bogoch, 2021).

ICU Beds/100,000 population
Germany I 28.2
Austria I 21.8
USA I 1.6
France I 16.4
Israel NG 12.1
UK(Eng) IS 10.5
Spain NN 10.4
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Figure 5. Intensive care unit beds per 100,000 population in hospitals in select countries worldwide as of 2020
(OECD 2021). The ICU bed numbers for Canada are based on Fowler et al, 2015.
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Prior to the pandemic, most large ICUs in Canada frequently operated at close to or above 100
percent occupancy. High ICU occupancy, particularly above 80 percent, have been associated with
increased ICU mortality, hospital mortality and ICU readmission within seven days of discharge
(Chrusch et al. 2009). Postponements of booked surgical cases were frequent, particularly during
surges in winter respiratory illnesses.

Table 5. Number of ICU beds in provinces and territories in Canada

Fowler 2015 Fowler 2015 CIHI 2018-19 CIHI 2018-19

BC 5,145,851 304 5.91 478 9.29
AB 4,428,112 292 6.59 400 9.03
SK 1,177,884 108 9.17 107 9.08
MB 1,379,584 93 6.74 165 11.96
ON 14,733,119 | 1122 7.62 1751 11.88
QcC 8,575,779 885 10.32 1216 14.18
NB 781,315 103 13.18 144 18.43
PE 159,713 18 11.27 24 15.03
NS 979,115 141 14.40 128 13.07
NL 520,998 98 18.81 96 18.43
NT 45,740 6 13.12 4 8.75
NU 39,285 0 0.00 0 0.00
YT 42,176 0 0.00 0 0.00

Table 5 is based on data from Fowler et al (2015) and from the Canadian Institute of Health
Informatics (CIHI, 2020). Fowler at al defined an ICU bed as one that can provide care to a
ventilated patient. This data was reported by intensivist leaders in each province. CIHI defines
an ICU bed as one that a hospital or provincial health authorities considers a monitored bed for
neonates, children, and adults, regardless of whether it is funded, staffed or capable of providing
care to a ventilated patient.

CIHI provides regular online data updates on hospital facilities including ICU beds, but intensivists
believe 2018-2019 data over-estimated the numbers for some provinces . Specifically, the numbers
do not appear to be limited to funded and staffed beds capable of managing a critically ill patient
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requiring mechanical ventilation. For example, during the pandemic, Alberta Health Services
publicly stated they had a total of 253 ICU beds. Similarly, media statements and contacts with
intensivists indicate that Saskatchewan has 79 ICU beds. This suggests that data provided to CIHI
includes unfunded, unstaffed ICU beds or that intermediate care/high dependency unit beds not
staffed or equipped for providing care to mechanically ventilated critically ill patients are being
counted.

There appears to be a reluctance or inability of the health ministries of some provinces to make
accurate information on ICU capacity openly available in a timely manner. In contrast, a recently
published report from the Ontario COVID-19 Science Advisory Table indicates that, just prior to
the start of the pandemic, Ontario had increased its ICU bed capacity to 2012 staffed, funded
beds. (Barret, 2021). There is an unmet need in Canada for transparent, accurate, and up-to-date
information on staffed ICU beds capable of providing invasive mechanical ventilation in each
province and territory.

Recommendation:

1. Accurate data must be collected and published by CIHI on ICU beds across Canada
capable of providing mechanical ventilation and other necessary supportive care to patients
with multiple organ failure.

There are marked interprovincial variations in ICU capacity (Figure 6) with the four most western
provinces, where over 30 percent of the Canadian population reside, having an ICU capacity
lower than most developed countries. (Table 5). Furthermore, while Manitoba, Saskatchewan, and
Alberta have lower than average ICU capacity they had the highest incidences of hospitalization
and ICU admission. (Fig 2.)

Canada ICU Beds/100,000 population
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Figure 6. ICU beds/100,000 population in Canadian provinces (Fowler et al, 2015). there are no ICU beds capable
of providing prolonged mechanical ventilation to a critically ill patient in the Yukon, Northwest Territories or
Nunavut.
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The limited number of specialist ICU beds in those provinces makes the health systems particularly
susceptible to being overwhelmed by surges of infections during a pandemic, unless strict public
health restrictions are put in place in a timely manner. The ICUs in Manitoba were seriously
overwhelmed in wave 3, as were those in Alberta and Saskatchewan during wave 4, because the
implementation of public health restrictions and vaccination mandates were delayed.

Recommendation:

2. Canada’s baseline ICU capacity must be expanded significantly with additional surge
capacity also built in.

The ability to increase ICU capacity in response to a surge in critically ill patients is severely lacking
and has been for some time in many provinces in Canada. Each province must consider how to
increase the number of staffed ICU beds capable of providing invasive mechanical ventilation
and multiple organ support. In the first instance, this will require accurate regular reporting of
the number of staffed, funded ICU beds capable of providing care to a critically ill mechanically
ventilated patient. Subsequently, funding will be required to expand existing ICUs and build new
ones, as well as funding for the increased numbers of healthcare professionals required to deliver
critical care. This will require careful consideration at all levels of government, and likely, federal
financial support. The eventual model would see an average occupancy in Canadian ICUs of no
more than 80 percent, but with clear plans to rapidly increase ICU beds to 200 percent of regular
occupancy in the event of a severe surge or another pandemic. In this respect, it is notable that
Alberta has announced it plans to provide an additional staffed 50 beds over the next 3 years.
(Bennett, 2022).

Since most ICUs in Canada have operated at or close to 100 percent occupancy prior to the
pandemic, this would suggest an average increase in ICU beds over current capacity of at least
20 percent is necessary on a national basis, but some provinces will require a significantly higher
percentage increase as their current ICU capacity is insufficient. One of the challenges is to be
able to allocate skilled human resources to other tasks when ICUs are less busy and to be able for
them to return to the ICU again when demand for critical care increases.

What has been the cost of providing care to critically ill patients with COVID-19 in
Canada's ICUs?

CIHI has reported that the average cost of treating a COVID-19 patient in Canada (excluding
Quebec) on a non-ICU COVID ward exceeded $23,000, four times more than a patient hospitalised
with influenza. However, for a patient critically ill from COVID-19 requiring intensive care was
estimated at more than $50,000, compared with $8,400 for someone who had a heart attack.
(CIHI 2021)

What is the course of iliness and required treatment for critically ill patients with
COoVvID-19?
COVID-19 Critical lliness - Clinical features and supportive care

For the past two years, through an extraordinary international effort, the extent and depth of
knowledge about COVID-19 as a disease has increased dramatically. While much has been
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learned, more knowledge is still required as viral illnesses are often pathophysiologically complex,
making outbreaks and pandemics difficult to predict.

There is substantial variability in the impact of COVID-19, ranging from asymptomatic infection
to death. There is now extensive literature on risk factors associated with the development of
severe disease and death, including age, sex, severe obesity, multiple comorbidities, and other
conditions causing immunosuppressed state such as pregnancy, and cancers. (Booth et al, 2021)

The most common reason for COVID-19 patients requiring admission to hospital is viral pneumonia
which causes progressive difficulty in breathing and a dangerous decrease in arterial blood oxygen
levels. Surprisingly, some patients with pneumonia caused by COVID-19 are unaware they have
dangerously low oxygen levels (Tobin 2020, Wilkerson 2020), prior to having difficulty breathing
and leave it too late before seeking medical attention.

Initially, patients with severe COVID-19 pneumonia are usually provided oxygen at flow rates that
can be supplied via piped-in oxygen from wall-based delivery devices available in most parts
of the hospital. However, patients with severely low levels of oxygen saturation require higher
flow oxygen therapy using special delivery devices. The need for high oxygen flow systems has
placed some older hospitals under strain to meet demands when dealing with large numbers of
COVID-19 patients. In some parts of the world — as reported in India during 2021 - some hospitals
ran out of oxygen entirely, resulting in critically ill patients dying (Pearson 2020, McGillivray et al,
2021). Prior to the pandemic high flow oxygen therapy was typically delivered to adults in ICUs
but this has now become common on many non-ICU COVID medical units.

Mechanical ventilation

Patients whose oxygen levels cannot be maintained at or close to normal levels, or those with
severe breathing difficulties, are given a combination of sedatives and pain medications then have
a breathing tube attached to mechanical ventilator inserted into their trachea to inflates the lungs
under pressure with a gas mixture of oxygen and air. Sicker patients, such as those with inflamed
and stiff lungs or who cannot settle with sedation alone often require the use of neuromuscular
blocking drugs. These paralyze all the patient’s muscles, so the ventilator completely controls
the movement of the lungs, chest, and abdomen to maximize oxygenation and ventilation as
safely as possible. While there was considerable discussion in the early weeks of the pandemic
regarding possible shortages of ventilators, thankfully, there have been adequate supplies of
modern ventilators in Canada during all surges to date. Sadly, this was not the case in India where
the numbers of critically ill patients with the delta variant resulted in many hospitals running out
of oxygen and ventilators and resulting in deaths (Baheti and Nayak, 2022).

Patients requiring ventilation due to low blood oxygen levels are usually placed in the prone
position (face and belly down) for up to 16 hours per day for multiple days, as this helps open
the alveoli (air sacs) in the lungs. However, to prone a critically ill patient safely requires a team
of at least 6 trained ICU staff, including at least one doctor capable of reintubating should the
endotracheal tube become dislodged.

Extracorporeal Lung Support

If the patient’s gas exchange continues to deteriorate despite ventilation, consideration can be
given to initiation of extracorporeal lung support (ECLS), which provides additional gas exchange
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by circulating blood through an artificial lung membrane allowing the damaged lungs to be
ventilated at much lower pressures. This is a resource-intensive therapy requiring an experienced
multidisciplinary team with training in initiation, maintenance, and discontinuation of ECLS in
critically ill patients. Competent planning, resource allocation, and infection control are necessary
to assure that ECLS is appropriately used during the COVID-19 pandemic. In institutions already
near capacity due to hospitalization of COVID-19 patients, and patients with other conditions, use
of ECLS for even a limited number of patients may overwhelm the institution.

Despite the technical and human resource demands involved, a systematic review of ECLS use in
1892 COVID-19 patients across 22 studies, showed a mortality of 37.1 percent, similar to its use
in other conditions that cause severe acute respiratory distress syndrome. This is remarkable as
only patients with ARDS who have a projected mortality of nearly 100 percent with usual ventilator
support are treated with ECLS. Younger patients and those with disease limited to the lungs tend to
have better outcomes than older patients and those with multi-system dysfunction. (Ramanathan
et al. 2021). Barbaro et al. (2021) used the Extracorporeal Lung Support Organization’s Registry
to examine the outcomes in 4812 patients with COVID-19 who received ECLS across 349 centres
in 41 countries. Mortality was 36.9 percent in institutions that had longstanding ECLS programs
in place prior to the pandemic and 58.9 percent in institutions that had not. Although formal data
on the number of patients treated with ECLS in Canada are not available, it is estimated to be
between 300 and 400 patients.

In addition to pneumonia, COVID-19 may cause pulmonary embolism (blood clots to the lungs),
acute myocardial infarction, and strokes in some patients, who are treated with anticoagulants
that inhibit the blood clotting. The virus that causes COVID-19 may also infect nervous tissues and
has been shown to cause several neurological conditions including isolated neuropathies, such as
Guillain Barre Syndrome and Acute Demyelinating Encephalomyelitis.

Patients with severe symptoms may have an overactive inflammatory system due to high circulating
levels of pro-inflammatory cytokines; this may cause damage to the heart, blood vessels, and
kidneys. Patients with this condition, known as multiple organ dysfunction syndrome (MODS)
often require treatment for low blood pressure using vasopressors and inotropes, medications to
maintain an adequate blood pressure.

Acute kidney injury (AKI) has been reported in 20 to 78 percent of critically ill patients with
COVID-19 (Nadim et al, 2020) and 20 percent of COVID-19 patients in ICU required dialysis
(Gupta et al, 2020).

Other treatments for hospitalized patients with COVID-19

In addition to supportive care for lung and other organ dysfunction, clinical trials involving
patients with COVID-19 have investigated the effect of several direct antiviral medications, anti-
inflammatory treatments, anticoagulants and antibody-based treatments. The rapid scaling up of
clinical trials has been both one of the greatest challenges and research success of the pandemic
response.

Patients hospitalized because of COVID-19 requiring supplemental oxygen are typically treated
with repurposed medications shown to reduce organ dysfunction and mortality, including
anti-inflammatory corticosteroids, dexamethasone and the antiviral remdesivir. A repurposed
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antidepressant medication, fluvoxamine, has been found to have antiviral properties and when
prescribed early has been shown to reduce the severity of COVID-19 disease (Sukhatme 2021).

Patients with severe COVID-19 and evidence of significant systemic inflammation may also receive
other anti-inflammatory medications such as tocilizumab or sarilumab based on availability.
Supplies of tociluzimab have been limited, however. In addition, patients hospitalized on medical
wards, but not admitted to ICUs, appear to have reduced organ dysfunction and mortality when
treated with systemic anticoagulation. (Science Table COVID-19 Advisory for Ontario 2021).
Available at:  https://covid19-sciencetable.ca/sciencebrief/#infectious-diseases-clinical-care.
Accessed October 11, 2021).

Monoclonal antibodies, have been shown to reduce organ dysfunction and mortality, particularly
when used early in high-risk patients and have been used with the hopes of reducing pressure
on hospitals and ICUs (Lee J, 2021). However, these agents seem less effective against the
omicron than earlier variants. The oral antiviral medication, Paxlovid, which is particularly effective
in preventing severe disease in patients with COVID-19 infection is a promising step towards
developing more effective and easier to administer antiviral treatments for this disease. However,
Paxlovid interacts adversely with medications for conditions including cardiovascular diseases,
seizures, gout and erectile dysfunction, which limits its use . Although Paxlovid is now widely
available in Canada, its use has been surprisingly limited, likely due to the requirement to initially
confirm the diagnosis with a molecular test at a time when these are increasingly difficult to access
in many provinces. (Weeks, 2022)

The dissemination of data from studies that have not undergone full peer review and publication
has been both advantageous and problematic. The rapid distribution of the finding that
dexamethasone improved outcomes in patients with hypoxemia caused by COVID-19 pneumonia
was beneficial. However, the dissemination of data from poorly executed studies has led to
increased misinformation on the value of medications such as hydroxychloroquine and ivermectin.

The absence of family visitation and presence at the bedside is associated with an increased
incidence of delirium in ICU patients (Kandori et al, 2020, Pun et al, 2021; see section below).
Because of this and many other reasons outlined in the section on the psychological impact of
lack of visitation on ICU patients, family members and other support persons should be allowed
to visit patients in the ICU.

What has been the impact on Pediatric ICUs?

Background

As of June 3, 2022, 714,687 COVID-19 positive cases out of 3.74 million in Canada were in people
19 years of age or younger. Of these, 6,291 were hospitalized, 625 were admitted to ICU and 50
died (Government of Canada, 2022). However, the low incidence of ICU admission and mortality
do not convey the impact that the COVID-19 pandemic has had on pediatric intensive care unit
(PICU) resources. During the pandemic PICU resources have been significantly impacted due to
increased admission due to multi-inflammatory syndrome in children (MISC), child abuse and
suicide attempts Furthermore, the situation was exacerbated due to the redeployment of PICU
staff to adult ICUs and long-term care facilities, delays in transportation of critically ill children to
tertiary centres and delays or cancellations of surgeries requiring PICU beds.
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There are only 16 PICUs with approximately 240 beds in Canada (Stiff et al, 2011) as they are
only found in tertiary care, academic pediatric centres, whereas critically ill adult patients may
be admitted to community hospitals (Fowler et al., 2015). Thus, for a population of 7.25 million
children (< 18 years) there are 3.3 beds/100,000 children , lower than the 5.0- 8.8 beds/100,000
children in several other G7 nations (Warncke et al, 2018; Horak et al, 2019).

There are no data on the ratio of appropriately skilled individuals needed to look after critically
ill children although, the proportion of intensive care staff with the skills to intubate and insert
vascular catheters in small children is undoubtedly considerably lower than those who care for
critically ill adults. For example, the Royal College of Physicians and Surgeons of Canada General
Internal Medicine competencies (Royal College of Physicians and Surgeons of Canada, 2019)
require general internal medicine residents to be able to insert peripheral arterial lines and obtain
central venous access whereas the competencies for general pediatrics do not (Royal College of
Physicians and Surgeons of Canada 2020). In addition, adult ICU nurses are less experiences at
inserting intravenous catheters and obtaining blood samples from small children and infants and
thus cannot easily replace PICU nurses during times of crisis.

PICU experience during the COVID-19 pandemic

In the first wave of the pandemic, between January and July 2020, 26 (3.2 percent) of the 811
patients admitted with COVID-19 were younger than 18 years., and 5 were admitted to PICU
(Murthy et al, 2020); none of the pediatric patients died. However, the low incidence of vaccinations
in the 12-17 age group and the inability to vaccinate younger children (American Academy of
Pediatrics, 2021), has led to an increase in the total number of PICU admissions for COVID-19
(Government of Canada, 2021). There has been an increased rate of pediatric hospitalization
and PICU admission following the arrival of the omicron variant, possibly due to its significantly
increased transmissibility rather than an increased severity of illness. (Ulloa, 2022; Government
of Canada, 2022). A North American study found 40 percent of children admitted to PICU had
medically complex conditions, almost one-quarter were immunosuppressed or had a malignant
neoplasm, and 15 percent were obese. (Shekerdemian et al., 2020).

It is important to note that while the Government of Canada groups data for people < 19 years
old, most PICUs only accept patients less than 18 years of age (16 years of age or less in British
Columbia, Manitoba). Consequently, there is a slight discrepancy between the data from the
Government of Canada and this report.

Multi-inflammatory syndrome in children

The multisystem inflammatory syndrome in children (MISC), believed to be a hyper-inflammatory
response to a preceding SARS-CoV2 infection (Henderson et al, 2021) became increasingly
commonly reported two to six weeks after the first wave of the pandemic. Clinical presentations
of patients with MISC vary from mild to requiring ECLS. A recent systematic review and meta-
analysis found that 57.4 percent of patients diagnosed with this syndrome were admitted to
hospital (8705/9335), 14.6 percent to PICU (1359/9335), and almost 1 percent died (96/9335)
(Iffan et al, 2021). A recent study in 31 US states from March 15 to October 31, 2020, found that
398 patients with MISC and 253 with COVID-19 were admitted to participating PICUs, of which
18 patients required ECLS and 10 patients (1.9 percent) died (Feldstein et al, 2021). These data
clearly highlight the importance of MISC in PICU resource utilization. A report from Public Health
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Ontario, based on 14 systematic reviews and 18 primary articles, found that 70-80 percent of
patients with MISC required PICU care and 25 to 30 percent required mechanical ventilation. As of
August 1, 2021, 15 of 16 Canadian PICUs reported having admitted 120 patients with suspected
MISC. Data on the outcome of these patients are currently unavailable.

Extra-corporeal lung support for COVID-19 related disease in children

Although the requirement for ECLS in children with COVID-19 infections or MISC is rare, it is
important to note that 7 of the16 academic pediatric centres in Canada are not able to provide this
life-saving service. Furthermore, 3 of these PICUs (Janeway Children’s Health and Rehabilitation
Centre in St. John's, The Children’s Hospital of Winnipeg, and Jim Pattison Children’s Hospital
in Saskatoon) are more than an hour away by plane from the nearest ECLS centre. Data for use
of ECLS for COVID and MISC in children are limited. A recent meta-analysis of adults noted that
decreased age was associated with improved outcomes (Ramanathan et al, 2021), highlighting
the importance of having this therapy available for younger patients.

Family presence in PICU during COVID-19 pandemic

While family presence is important for all critically ill patients, all 16 Canadian PICUs enacted site-
specific policies to restrict family presence for variable time periods during the pandemic., even
though this is crucial for children admitted to the PICU as they not only provide emotional support
but as the primary caregivers they provide much needed medical support and information for the
care team (Baird et al, 2016; Sabeti et al., 2021). Furthermore, for split families with dual custody,
consent for treatment is required from both parents with resulting treatment implications with
the implementation of one visitor per patient policies. Researchers at the Izaak Walton Killam
Hospital in Halifax are studying the impact of restricted family presence on PICU patients and
their families during the pandemic and will develop evidence-based guidelines for consistent
implementation of family presence in PICUs in the event of future threats. Mitigation strategies
for future pandemics may include an increase in the number of isolation rooms (Darcy et al, 2020)
and use of telemedicine platforms (Ozawa et al, 2021); although the latter should not be viewed
as a substitute to actual parental presence in the PICU (Sabeti et al, 2021).

Indirect consequences of COVID-19 on PICU admissions

During a year of lockdowns and school closures due to the COVID-19 pandemic, rising rates
of child abuse and suicide attempts among Canada’s youth have sparked concern. McMaster
Children’s Hospital reported a three hundred percent increase in admissions following a suicide
attempt over a four-month period in 2021compared to 2020. (Aziz, 2021). However, Ray and
colleagues (2022) found that the rates of self-harm, overdose, or death in adolescents was lower
during than before the pandemic.

All 16 PICUs reported postponing or cancelling surgeries due to the pandemic, and The Hospital
for Sick Children in Toronto reported a 24 percent increase in backlogs compared to the same
time last year. Furthermore, recommendations such as “Adequate time should be allowed for
operating room cleaning and air filtration between surgical cases” (Matava et al, 2020) resulted
in fewer non-urgent surgical cases (e.g., elective cardiac surgery being performed) when post-
operative recovery required admission in the PICU . In addition, dozens of hospitals in Ontario
closed their pediatric wards and diverted children to tertiary care pediatric hospitals, increasing
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the ward burden for these hospitals and limiting transfer capabilities for patients out of the PICU
(DeClerg 2021). The long-term impact of COVID-19, neurodevelopmental, psychosocial, and
mental health outcomes on children are unknown, and are under study.

Adult patients in PICUs

Published recommendations suggest that critically ill adults should only be admitted to PICUs
during a crisis surge response after the strategies for conventional and contingency responses have
been exhausted (Einav et al., 2014). These include, but are not limited to , maximally expanding
critical care capacity within hospitals by recruiting pediatric critical care staff and expertise to adult
units, setting up temporary hospital structures and repurposing areas such as post-anesthetic
recovery rooms.

Careful assessment of critical illness considering age and type of comorbidities has been suggested
as a safe and effective approach for determining which COVID-19 patients are most appropriate
for PICU admission (Gist et al, 2021). During the pandemic PICUs in Canada admitted 80 adult
COVID-19 patients aged 40 to 60 years of age with varying degrees of comorbidities, and 44
adult non-COVID-19 patients. It is important to note that this occurred on a background of a total
of 240 PICU beds and during a time that several PICUs had deployed nurses to adult ICUs.

We have obtained limited information from individual PICUs on admissions of adult patients. The
first adult was admitted in the Children’s Hospital of Eastern Ontario, Ottawa, PICU on April 20,
2021, and between then and June 20, 2021, when the last adult patient was discharged there were
a total of 58 adult patient days of care. Health Sciences Children’s Hospital in Winnipeg admitted
the first adult patient to the PICU on April 8, 2021. and the last adult patient was discharged on
June 18, 2021. At Children’s Hospital of Saskatoon, the first adult patient was admitted to the
PICU on June 19, 2021, and the last adult patient was discharged from the PICU on February 23,
2022. The PICU at the Stollery Children’s Hospital admitted adult patients From December 20,
2020, to June 30, 2021, and again from September 2021, with adult patients continuing to April
2022. No adult patients were admitted to the PICU at the Alberta Children’s Hospital, but staff
were deployed to adult ICUs.

Significant time and resources were needed to prepare pediatric units to care for adult patients
(Remy et al, 2020) as it not only required changes in medical equipment and drug dosing but had
implications for resources required to support the delivery of critical care, including radiology,
pharmacy, and laboratory services. Further considerations relating to care of larger and heavier
adult patients included the need for larger beds, as well as the availability of patient lifts and
increased staffing to manually lift and turn patients for prone positioning. In addition, the pediatric
clinicians needed to be supported in-person or remotely by adult intensivists to provide input
daily on rounds, as well as for complex decisions such as emergencies, resource reallocation, or
end-of-life decisions (Einav et al, 2014).

The limited information available on the outcomes of adults with COVID-19 treated in adapted
PICUs suggests that clinical outcomes were similar to those treated in adult ICUs (Sinha, 2021).
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Redeployment of PICU staff

Atleast 7/16 PICUs redeployed PICU nurses to adult ICUs and 2/16 to long-term care (LTC) facilities.
Several PICU staff deployed to LTC facilities contracted COVID and were therefore unavailable to
return for a protracted period, thus decreasing already limited staff for PICU patients.

Transport challenges

Four of 16 PICUs felt that the availability of transport for critically ill pediatric patients was insufficient
during the pandemic. This was particularly evident in Ontario where critical care transportation
was required to move upwards of 80 critically ill adult COVID-19 patients per day from the greater
Toronto area to other parts of the province. This resulted in some pediatric patients remaining in
isolated, under-resourced communities for much longer than was desirable.

The impact of the COVID-19 pandemic on PICU resources has likely been underestimated due to
the focus on the relatively low number of cases of severe COVID-19 in children. The full impact of
COVID-19 on PICUs in Canada has been further limited by lack of coordinated, national, real-time
data collection in PICUs.

Recommendations:

3. Although the PICUs provided substantial assistance to the care and outcomes of adults
(Sinha, 2021), it may be more efficient to maximize adult ICU capacity and to send staff to
the adult ICUs rather than send adult patients to PICUs.

4. Strategies need to be implemented now to ensure appropriate use of adult and PICU
resources during future crises.

What measures were employed by hospitals and health authorities to create extra ICU
capacity?

Adaptations to provide critical care services during pandemic

Faced with an increased demand for ward and ICU beds, as well as for personnel to staff them,
during the COVID-19 pandemic, hospitals were forced to take several steps to avoid being
overwhelmed when expanding ICU capacity. Many utilized existing disaster and emergency
response planning resources (Christian et al, 2006; Christian et al, 2014) to guide the development
of their surge plant on ensure sufficient space, supply, and staff to appropriately meet the needs
of the incoming critically ill patients. It was possible to progressively increase the number of ICU
beds in a hospital during a surge by using other spaces within the hospital and redeploying large
numbers of non-ICU trained staff to these extra beds. However, as the number of ICU beds and
dependence on non-ICU staff increases, inevitably the quality of care is put at risk and other
hospital services are adversely impacted as their staff are redeployed. (Cullen, 2021). The care
adaptations by hospitals and provincial health systems allowed staff, equipment, and space to
be available to provide ICU care to the thousands of extra critically ill patients with COVID-19.
However, these measures diverted those resources from many other patients.

A recent report estimates that over 500,000 surgical procedures were postponed across Canada
from March 2021 to June 2021 (CIHI, 2021), and that the number of surgeries decreased by
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approximately 35,000 a month during the first 16 months, with the largest declines during the
first wave of the pandemic in early 2020.

Space

It was evident from the onset of the pandemic that an increase in critical care beds was required,
and several strategies were rapidly implemented to achieve this. These included reducing demand
for acute and critical care services by postponing scheduled procedures and surgeries requiring
hospital ward or ICU resources (Al Mutair et al, 2020; Halpern et al, 2020), discharging less acutely
ill patients to the wards (Griffin et al, 2020) or to other facilities (Christian et al, 2006, Abir et al,
2020, Maves et al, 2020, Williams et al., 2021, Winkelman et al, 2021), and using telehealth to
avoid transfers into overwhelmed COVID centers (Abir et al, 2020, Bourgeault et al, 2020; Halpern
et al, 2020; Singh et al, 2021).

Many strategies were focused on converting single ICU rooms into double rooms, transforming
acute care, peri-procedural care areas and simulation centers to acute COVID wards and ICU
beds, caring of adult ICU patients in pediatric ICUs, and establishing mobile temporary hospital
facilities (Abir et al, 2020, Cammerota et al, 2020, Carenzo et al, 2020, Griffin et al, 2020, Oakley
et al. 2020, Schneider et al, 2020, Uppal et al, 2020, Arabi et al, 2021). In some instances, these
newly designated ICU spaces required the installation of proper infrastructure and equipment
such as high efficiency particulate (HEPA) filters, temporary structures to provide separate spaces
for donning and doffing, medical gas outlets, and sufficient electrical power for critical care
equipment. This retrofitting was costly and time-consuming, therefore using areas that already
had these features, such as Post Anesthetic Care Units, High Dependency Units and Operating
Rooms, was prioritized. However, in many instances non-ICU clinical areas were converted without
much retrofitting. Patients admitted for non-COVID-related illnesses were placed in rooms and
open wards where they contracted the infection. Hospitals across Canada have reported significant
numbers of such outbreaks that resulted in staff illness and deaths in vulnerable patients (Mitchell
2021, Wong J. 2021, Vescera 2021, CTV News 2022).

While some hospitals have been overwhelmed others in different regions had more capacity,
resulting in some patients being transported greater than usual from their typical health care
catchment area tin order to have access to acute and critical care resources. For example, some
patients in Ontario, British Columbia, Alberta, Saskatchewan, Québec, and Manitoba were
transported to larger centers within the province. During severe surges, critically ill patients were
transferred interprovincially in May/June 2021 from Manitoba to Ontario, Saskatchewan or Alberta
and in October 2021 from Saskatchewan to Ontario.

Equipment and Supplies

The shortage of equipment and supplies was a major concern in the first wave of the pandemic.
Many provinces struggled to secure sufficient stock of personal protective equipment (PPE),
pharmaceuticals, ventilators, intravenous infusion pumps, and disposable materials. The need for
provincial reserves and an efficient supply chain was apparent early on; most provinces established
a control center where requests from health organizations would be submitted, processed, and
supplies delivered based on need (Arabi et al, 2021).

New equipment was purchased when available, but other measures were required, such as
reusing PPE, particularly N95 masks and visors (Abir et al, 2020; Schneider and Schneider, 2020;
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Winkerman et al, 2021), or borrowing ventilators from other hospitals not yet affected by COVID.
In addition, equipment such as anesthesia gas machines, transport ventilators and ventilators
used for non-invasive ventilation were repatriated from non-ICU settings to meet the increasing
ICU demand, (Abir et al, 2020; Arabi et al., 2021; Aziz et al, 2020; Griffin et al, 2020; Uppal
et al., 2020). To reduce or delay the need for intubation and ventilators, the use of high-flow
nasal oxygen and non-invasive ventilation was encouraged when appropriate (Arabi et al, 2021).
Similarly, a conservative approach to prescribing pharmaceuticals that were low in stock was often
necessary, in addition to using alternative drug classes when feasible (Arabi et al, 2021).

The challenges that provinces and territories experienced in securing sufficient supplies throughout
this pandemic highlighted the importance of maintaining up-to-date inventory in hospitals,
reviewing supply chains and provincial stocks, and projecting potential gaps and needs in the
event of a surge (Aziz et al, 2020, World Health Organization, 2020, Arabi et al, 2021).

As hospitals focused on expanding critical care capacity by reallocating space and maximizing
supplies and equipment, we quickly realized the limiting factor was the health workforce. Thus,
focusing on the number of critical care beds and ventilators available without considering the
trained and skilled professionals is unwise. We must consider the interconnectedness between
bed capacity, supplies, equipment, and the healthcare workforce when surge planning (Halpern
and Tan, 2020).

Staff

Worldwide, critical care staffing shortages existed prior to the COVID-19 pandemic but have been
greatly exacerbated since (Rose et al, 2007; Wynne et al, 2021). In preparation for the large influx
of critically ill patients the critical care workforce needed to augment its capacity while maintaining
safe working conditions.

A variety of strategies were implemented across the country to meet the additional demands in
critical care settings and COVID units. From the onset, it was widely recognized that respecting
the recommended nurse to respiratory therapist ratios may not be feasible in a crisis of this
magnitude. One of the most widely used strategies was off-loading tasks to non-critical care
trained staff to maintain patient safety (Al Mutair et al., 2020; Aziz et al., 2020; Halpern and Tan,
2020). This was possible by suspending or decreasing many services, provided an opportunity to
move staff to areas where the number of patients was increasing, such as in critical care, emergency
departments, and COVID medical units.

The goal for redeployed staff was not to achieve the knowledge or competency of a trained
critical care nurse but to augment the ability of trained critical care nurses to deliver care to a
larger number of critically ill patients (Al Mutair et al, 2020; Lauck et al, 2021). Many organizations
deployed nurses with previous experience in critical care, or in areas that provided monitored care
to assist critical care nursing staff. Models of care for redeployed staff included dyads, where a
critical care nurse was paired with a non-critical care nurse, allowing them to provide care to two
to three patients depending on the patients’ acuity (Lauck et al, 2021). Other forms of care-team
models, or tiered staffing strategies, were used to provide care to a greater number of patients
and reinforce ICU staff (Al Mutair, et al, 2020; Arabi et al, 2021; Aziz et al, 2020; Halpern and Tan,
2020). The principles guiding the model of care included patient safety and maximization of each
nurse’s scope of practice and competencies (Lauck et al, 2021).
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Training programs were established, and varied in length depending on health regions, individual
units, as well as the learning needs of non-critical care staff . Many focused on PPE use, cardiac
and arterial monitoring, mechanical ventilation, suctioning, and proning. Redeploying non-critical
care to work with critical care staff increased the workforce but both parties recommended more
formal processes for communication, planning, skillset inventory, and sharing of expectations
(Lauck et al, 2021).

Other commonly used strategies included hiring retired, inactive or past employees with critical
care training (Al Mutair et al., 2020; Griffin et al, 2020; Williams et al, 2020), providing on-the-
spot or online training and simulations sessions for non-ICU clinicians reassigned to critical care
(Aziz et al, 2020), and recruiting medical, nursing, and other health profession students who are
nearing the end of their programs to provide caregiver support (Al Mutair et al, 2020; Williams
et al, 2020). In hard-hit areas, Canadian Armed Forces’ support and/or intra- and interprovincial
assistance was requested, notably in Ontario, Alberta, and Manitoba (D'Mello, 2021; McKendrick,
2021; Rieger, 2021; Williams et al, 2020) to alleviate some of the burden. In April 2021, critical
care nurses from Newfoundland came to Ontario (CBC News, April 26, 2021), whereas in October
2021, critical care nurses from the Canadian Forces and the Canadian Red Cross were sent to
Alberta during the severe surge of patients in that province (Konguaviet al, 2021). To facilitate
interprovincial mobility of critical care staff, licensing bodies either expedited the licensing process
for incoming help or eliminated regulatory barriers altogether. For example, under the premise
of the Emergency Management and Civil Protection Act, 1990, out-of-provinces nurses could
practice in Ontario hospitals to support the fight against COVID-19 without the College of Nurses
of Ontario licensing (Coghlan, April 23, 2021).

To increase both critical care capacity and efficiency, many institutions opted to redistribute critical
care-related tasks among other qualified clinicians. Examples include anesthesiologists inserting
vascular access devices and artificial airways to alleviate the work of intensivists, and physicians
or trainees with ventilator management experience supporting the work of respiratory therapists
(Al Mutair et al, 2020, Griffin et al., 2020; Oakley et al, 2020, Arabi et al, 2021). Restructuring
ICU teams through the implementation of a tiered staffing model was also used to increase the
efficiency in the care provided and to safely care for the most patients possible (Al Mutair et
al., 2020; Aziz et al., 2020). Lastly, short-term solutions, such as cancelling vacation and leaves,
increasing working hours, increasing the number of patients per staff, forcing overtime, were also
employed in some jurisdictions. However, these strategies risk impairing the mental and physical
health of critical care workers (Williams et al, 2020, Arabi et al, 2021).

It has long been recognized that demand for ICU resources could exceed supply in a major
pandemic, as seen with the influenza A(H1N1) pandemic in 2008/09. Consequently, many
jurisdictions around the world, including Canada, drafted ICU triage protocols but these were
never activated. Ontario, Québec, Saskatchewan, and Alberta modified those triage protocols for
implementation if ICU capacity is overwhelmed by surges of critically ill patients with COVID-19
(Alberta Health Services, 2021; Critical Care Ontario, 2021; Government of Quebec, 2020; Kirkey,
2021; Valiani, 2021).

At different times during the pandemic there was extensive media coverage regarding the need
to implement triage protocols in Québec, Ontario, Alberta and Saskatchewan (Favaro et al, 2021).
However, activating these triage protocols was avoided by deploying non-ICU staff overseen by
ICU professionals to work in auxiliary ICUs in post-anesthetic recovery areas, operating rooms, and
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other makeshift ICUs, or by transferring ICU patients out of province. However, many Canadian
intensivists indicated they had to make challenging decisions on who to admit to their ICUs
during this pandemic at times of bed and staff shortages (Rinaldi, 2021). Currently provincial
triage protocols are generally similar, but as there are important differences. Therefore, serious
consideration should be given to developing a single national triage protocol, given that patients
may be transferred between provinces when ICU capacity is overwhelmed

The standard of care inevitably suffered when hospitals and ICUs were overwhelmed with patients
or when patients had to be transferred to ICUs thousands of miles away from their homes.
(Wittnebel 2021). Studies from Canada and the United Kingdom reported higher ICU mortality,
prolonged lengths of stay and increased ICU costs during times of high-capacity strain (Chrusch
2009, Bagshaw 2018, Tran 2019, Wilcox 2020). There is also evidence to suggest that under such
stressful conditions there are changes in approaches to patient care, including an increase of “Do
Not Resuscitate” orders. (Stelfox et al, 2012)

The responsibility for delivering health and other social services rest largely with Provincial and
territorial governments, resulting in different models of care, training and credentialing across the
country. In areas hardest hit by the pandemic, this has caused national, provincial and regional
challenges when it comes to sharing human resources. Future pandemic and surge planning should
incorporate efficient processes for communication, rapid credentialing, and training to upskill
workers between regions and provinces. This would allow safe and effective workforce mobility
across the country. Furthermore, pandemic redeployment plans should include discussions
with unions to facilitate the movement of staff to areas of greatest need with appropriate
compensation for doing so. Lastly, pandemic plans must include processes to accurately predict
staffing requirements based on projections of pandemic spread, while factoring in the loss of
staff to illness, quarantine, and burnout. Options for rapidly scaling up the critical care workforce,
while maintaining patient safety and care quality must also be included, with careful consideration
to avoid devaluing the knowledge, skill and expertise required to care for critically ill patients
(Bourgeault et al., 2020; Wynne et al., 2021).

Canadian Armed Forces' role in critical care services during the pandemic

Canadian Armed Forces (CAF) deployed critical care nursing officers and medical technicians to
hospitals and long-term care facilities in several provinces, to support Northern and Indigenous
communities, help PHAC with distribution of PPE and to aid in contact tracing in Ontario
(Government of Canada, 2019). In addition, the military used a CC-130 Hercules aircraft equipped
with an Aeromedical Bio-containment Evacuation System (ABES) to transport COVID-19 patients
from Manitoba to Ontario (Global News, May 2021).

Operation LASER was the official CAF response to the pandemic (Government of Canada, 2021)
but did not specifically outline a plan for critical care support services. The military has the potential
to augment civilian critical care services during future pandemics in three domains: personnel,
field hospitals and transport.

The CAF Health Service has roughly 5102 personnel which include clinical specialists, physicians,
physician assistants, dentists, nurses, pharmacists, physiotherapists, health care administrators,
and various technicians. Of these, approximately 400 nurses and 25 physicians have some critical
care specialist training and could be deployed to ICUs in the country in times of crisis.
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The Aeromedical Bio-containment Evacuation System (ABES) is a specially designed large isolation
unit that fits in CC-130 Hercules and CC-177 Globemaster aircraft. This unit provides space where
multiple infected patients can be kept and treated by medical staff, while ensuring the safety of
the aircraft's crew (Government of Canada, 2020). This could be used to simultaneously transfer
multiple patients more efficiently in a future crisis.

Recommendations:

5. In addition to increasing ICU capacity and staffing as recommended above, a selected
group of non-ICU nurses in each hospital should be trained in critical care and be available
in the event of a major surge in patients requiring ICU care. Their skills should be maintained
by intermittent scheduled shifts in the ICU.

6. Provincial licensing bodies should be prepared to rapidly provide licenses for intensivists
and other ICU health professionals from other provinces and territories in the event of a
surge in demand for ICU beds.

7. Health Canada, the Department of National Defence and provincial departments of
health should prepare contingency plans for the evacuation of critically ill patients to ICUs
in other provinces in the event a province’s ICUs are being overwhelmed.

8. ICU Triage Plans should be standardized across all provinces and territories and the public
should be made aware of their existence.

What is the impact of an ICU admission on survivors?

Post-Intensive Care Syndrome following COVID-19

Post-intensive Care Syndrome (PICS) refers to physical, cognitive, and mental impairments that
occur when both in the ICU and after discharge. A large proportion of seriously ill patients who
survived but required prolonged mechanical ventilation and deep sedation than may impacted by
PICS. This may impact the long-term quality of life of patients (Herridge et al. 2011, Hopkins et al.
2005, Rousseau et al 2021) and often continue for prolonged periods of time (Graselli et al 2020,
Mitra et al. 2020, Yang et al. 2020).

The ICU patients at the highest risk of developing PICS often have a history of comorbidities such
as diabetes, hypertension, obesity, chronic obstructive pulmonary disease, and/or prolonged
mechanical ventilation. A profile that is similar to that of COVID-19 patients with increased risk
of developing critical illness. (Rodriguez-Morales at al. 2020). A recent study of ICU COVID-19
survivors found 87 percent had physical impairment, 48 percent had psychiatric impairments
ranging from mild depression to post-traumatic stress disorder (PTSD), while 8 percent had
impairments on cognitive screening (Martillo et al. 2021.

Six months after hospitalization with COVID-19, 1077 patients in the UK 71 percent described
themselves as not having fully recovered, 20 developed a new disability, and 19 percent had
a health-related change in occupation (Evans et al. 2021). Patients described a median of nine
different physical and mental symptoms , which were similar in both patient-reported outcome
measures and in objective physical assessments. Many of the patients who received care outside
of ICU had symptoms identical to those seen in patients PICS following ICU admission. This is
not surprising as many seriously patients who would normally have been admitted to an ICU for
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therapies such as high flow oxygen have been cared for entirely on non-ICU, medical COVID
units. (Evans et al, 2021)

PICS also significantly affects the patient’s family members, decision-makers and long-term
caregivers, classified as PICS-F (see below), many of whom suffer from post-traumatic stress
disorder, anxiety, depression, and a diminished quality of life (Petrinec et al, 2018).

The management, treatment, and education of patients and their families are essential in
mitigating the long-term effects of critical care. The treatment of PICS begins in the ICU with
sedation minimization and early mobilization followed by physical rehabilitation and psychiatric
and psychological support that will likely be required for months. This will also require the
necessary dedicated nursing, physiotherapy, and occupational therapy resources. (Teixeira et al,
2018, Mayer et al, 2020).

As there are currently over 22,000 survivors of an ICU admission for COVID in Canada, there will
be an increasing need for the necessary outpatient supports being allocated to address the long-
term impact on survivors (Public Health Agency of Canada, 2022).

Recommendation:

9. Increased funding should be allocated for the development and operation of specialized
ICU Survivor Clinics to provide ongoing care in a holistic manner, including mental health
issues, for patients with PICS.

What is the psychological impact on critical care professionals of working under such
prolonged and severe pressures for 20 months?

Psychological Impact of COVID-19 on Health Care Professionals in ICU

We are facing a new pandemic-related crisis in our hospitals, especially in our ICUs. While the
pandemic has had a devastating effect on the patients and families of those who became critically
ill and those who died, the effect on the healthcare professionals who cared for them twenty-four
hours a day, seven days a week for 20 months has been profound. Some contracted the disease at
work, many have suffered from long-COVID and from severe psychological injuries. Since the start
of the pandemic, over 150,000 health care workers in Canada have developed COVID-19 and at
least 46 health care workers have died from COVID-19 (as of June 15, 2021). (Canadian Institute
for Health Information, 2022).

Critical care professionals always face high levels of daily stress, heavy workloads, and constant
readjustments to their work environment, all of which have been exacerbated during the COVID-19
pandemic. (Greenberg et al, 2021). The pandemic presented ICU, and indeed most health care
system hospital staff across Canada, with a unique set of stressors for a prolonged duration.

On July 30th, 2021, a nurse posted on social media: “As an ICU nurse who loved this speciality,
having COVID patients in the ICU was a war zone. One ICU room would now carry two patients.
Short-staffed, our workload doubled, as we were also faced with a lack of personal protective
equipment. Put your N95 mask in a paper bag and wear it every day with every patient for one
full week. Gown and glove and face shields. As | interviewed several frontline ICU nurses in the
aftermath of COVID, | watched them talk to me with their heads hanging low and with monotone
voices, and | heard the same replies. Anxiety. Depression. Defeat. Death.” (Moore-Black, 2021)
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Initially, stressors were related to a lack of specific resources such as shortages of PPE, availability of
ICU beds, ventilators, medications, and limited staffed ICU bed capacity, whereas in the later stages
the stressors have been related to human resources (nurses, doctors, and allied professionals).
This led to earlier than recommended discharge of patients to avoid spread of infection, and to
create capacity for new patients. This resulted in insufficient time to provide optimal care to all
patients and increasing psychological harm to caregivers. Health care workers were concerned
that exposure could result in a requirement for quarantine or cause illness, which caused further
anxiety as they were aware that any absenteeism will further burden colleagues.

Each day ICU staff are exposed to traumatic situations, placing them at risk of burnout, compassion
fatigue, moral distress, and suffering, as well as PTSD. (For the definitions of the above please refer
to Appendix A). The pandemic has exacerbated these risks and has led to a greater incidence of
depression, anxiety, thoughts of self-harm, or alcohol abuse (Greenberg et al, 2021).

Thirty five percent of health care workers looking after COVID-19 patients have self-reported
insomnia and low sleep quality. Preti and colleagues reported that 45 percent of health care
workers presented with severe anxiety symptoms affecting psychological well-being associated
with increasing levels of distress, decreasing sleep quality and self-efficacy (Preti et al, 2020). In a
recent study assessing mental health of nurses in a Canadian ICU during the COVID-19 pandemic,
the participants reported clinical concern for (23 percent), probable (13 percent) and significant
(38 percent) symptoms of post-traumatic stress disorder, as well as mild to severe depression (57
percent), anxiety (67 percent) and stress (54 percent). (Crowe, 2021).

Studies following the 2003 SARS outbreak provided insight into the range of mental health and
stress-related issues likely to impact critical care staff during a pandemic (Preti, 2020). Up to 3
years after the SARS pandemic about 14 percent of interviewed hospital staff showed moderate
depressive symptoms while 8.8 percent reported high symptoms (Liu, 2012). Lancee (2008)
reported that 5 percent of Toronto health care workers in Toronto had psychiatric disorders 1 to 2
years after the end of the SARS pandemic.

A similar study in China showed that 15.4 percent of respondents showed significant mental
health symptoms one year after the end of the SARS pandemic (Lung et.al. 2009). There are
several reports indicating infection-related concerns from health care workers with regards for
personal and family health during the SARS, MERS, and H1N1 pandemics (Goulia 2010, Alsubaie
2019, Nickell 2004).

Risk factors for psychological injury

Studies have shown that physicians were less worried about infection compared to other health
care workers. Nurses reported higher perceived stress levels (Hines, 2021, Lief 2018) and
psychopathological symptoms (Matsuishi, 2012) including PTSD symptoms (Lai, 2020, Maunder
2004). At least in part, this different may be due to the higher physical contact that nurses have
with patients.

Given the nature of the interventions and constant interaction with patients in ICU, it is considered
a high-risk infection work environment. Thus, it is not surprising that during SARS and MERS health
care workers in units where there was a high risk of infection presented more severe mental health
outcomes than those in low-risk units (Matsuishi 2012, McAlonan 2007). During the COVID-19
pandemic non-ICU trained nurses redeployed to the ICU appeared to be a specific mental health
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risk factor. Conversely, voluntarily accepting the risk of infection may be a protective factor (Preti
et.al. 2020). Crowe et al (2021) identified rapidly changing policy and information, overwhelming
andunclear communication, meeting patients’ care needs in new ways while staying safe, managing
home and personal commitments to self, and family as factors leading to psychological distress.

The death of ICU COVID-19 patients may be further traumatic events for critical care staff,
especially nurses, as they long hours with patients, often under enduring unusual and “cold”
circumstances (lack of presence of family, inability to hold patient’s hands without PPE, etc.). It has
been reported that a patient’s emotional and physical distress and perceived quality of death also
psychologically impact on nurses. Additionally, unrealistic family expectations may be another
source of distress (Wong 2005).

Additional stressors for ICU healthcare professionals have been dealing with unvaccinated patients
or those denying the existence of COVID-19, sometimes aggressive families demanding unproven
therapies, and protestors outside obstructing entry to the hospitals.

Protective Factors

Measures that have been proposed to combat mental health issues related to stress, include
organizational support and adequate training (Lancee 2008), confidence in the effectiveness of
personal protective equipment and infection control measures (Chua 2004) and burnout (Maunder
et al, 2006). In addition, a supportive framework for decision-making and individual priorities,
while upholding ethical considerations, is crucial in reducing the severity of moral distress in ICU
staff (Plouffe 2021).

Particular attention should be given to nurses, since results show that they are especially affected
by their prolonged exposure to infected patients (Preti et al, 2020). Resilience factors such as
having a strong sense of purpose, ability to adapt and cope, positive mental state, confidence,
optimism, and strong social support will lead to a healthier workforce that will likely show better
psychological responses in future emergency situations (Crowe 2021).

Interventions

Faced with intense psychological pressure and strain, it is not uncommon to develop maladaptive
strategies such as denial, isolation, compartmentalization, excessive eating, gambling, and
substance abuse. To mitigate and reduce such risks, it is necessary to provide effective, easily
accessible psychosocial support and interventions now and post-pandemic. Critical care staff
should be provided with the tools and skills to build resilience, improve their adaptive coping
capacity and emotional wellbeing. Resilience refers to one’s ability to adapt and “bounce back”
after dealing with stress or challenging situations (Maliket al, 2021).

There are many excellent virtual platforms and mobile apps available to address self-care, wellness,
and stress management. In addition, psychological treatments such as Cognitive Behavioral
Therapy, Mindfulness-Based Stress Reduction, Acceptance and Commitment Therapy, and Eye
Movement Desensitization and Reprocessing are all extremely effective in dealing with sleep
disturbance, anxiety, depression, grief reactions and PTSD. (Hofmann et al 2017, Sander et al,
2020). Regular peer support and structured group meetings should be encouraged to optimize
coping during challenging and stressful times. If necessary, individual treatment with a psychologist
or psychiatrist should be facilitated.
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Another recommended method to identify the early warning signs of distress and quickly provide
support is Psychological First Aid, which has been used for many years by the military and during
critical incidents, to provide guidance as well as tools and strategies in a non-judgemental way.
This resource is for individuals who are competent, but nevertheless are feeling overwhelmed (Lief
et al, 2018, Blake 2020, Fessell et al, 2020).

Summary

The COVID-19 pandemic continues to have a psychological and physical impact on health care
workers, especially the ICU staff dealing with the sickest patients. There is an epic level of burnout
in healthcare workers resulting in significant staff shortages. (Grant, 2021, Tomblin-Murphy et al,
2022).

Recommendations:

As the pandemic continues and afterwards, healthcare organizations need to examine ways
in which they can adapt their health workplace practices to:

10. Implement strategies to reduce moral and psychological distress by actively monitor
the well-being of the critical care staff to ensure that the impacts of workload changes are
properly understood and mitigated where possible.

11. Prioritize staff mental health support and timely access to evidence-based treatments.

12. Recognize the benefits of self-care and self-compassion for all interprofessional team
members.

13. Obtain additional funding from all government levels to support health care workers
mental and physical health.

14. Organizational wellness and health programs should be amended and adapted to offer
critical care workers assistance coping with the consequences of working in a pandemic.

What is the Psychological Impact of Restrictions on Family Visitation during a
Pandemic?

Prior to COVID-19, a "family centered” approach was the norm when dealing with the critically
ill in ICU, optimizing support and open communication with family members. Rapport and trust
were established with the ICU staff and this model of collaboration enhanced the ability to face
and deal with difficult treatment options and end of life decisions. Family members were at the
bedside with their loved ones at the time of death. The ability to hold their hand and provide
comforting rituals helped with bereavement and the mourning process (Hart et al, 2021, Boulton
et al 202). Having family at the bedside is a psychological protective factor for patients, family, and
ICU staff (Mistraletti et al 2021, Hugelius et al, 2021, Diolaiuti et al, 2021).

Katie Hafner (2020) wrote "“Of all the ways the coronavirus pandemic has undermined the
conventions of normal life, perhaps none is as cruel as the separation of seriously ill patients and
their loved ones, mandated at hospitals around the world. While the infection control rationale is
clear and sound, the consequences for patients, their loved ones and the hospital personnel who
must enforce the rules are profound”.
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Clinicians and hospital staff report that keeping patients’ families away had been among the
darkest experiences of their professional lives. The restrictions run contrary to a hospital’s desire to
keep patients and families together for the salutary effect of something as simple as handholding,
or a chair pulled close to a bed. In addition, having a relative present can also ease the workload
of a medical team, and in some cases they may provide crucial information that a confused patient
cannot (Hafner, 2020)

Awdish and Ely (2020) wrote “That excluding families and loved ones from the bedside of the
sickest COVID patients, leads to immense trauma to families due to being excluded from essential
moments of their loved one’s illness, recovery and dying process that would allow understanding
and healing. The absence of families will have long consequences on care teams, they poignantly
observe: So much of our joy in work comes from developing relationships with families and working
together for the best outcomes. Families can motivate patients... and serve as advocates and they
need to be present at bedside for their own mental wellbeing. Phone calls, even by facetime, are
a feeble surrogate for what the family really needs”.

During the initial phases of the COVID-19 pandemic, when family hospital visits were restricted
or outright banned, the only mode under these circumstances was “cold” communication, via
telephone and video conferencing. This decreased the quality of the communication and clinicians
felt that this was harmful for patients and family members (Azoulay et al, 2020, Kentish-Barnes et
al, 2021))

Why is in-person interaction so important? Face-to-face communication has always been a crucial
element of our lives (Hoehl et al, 2021) The sound of spoken words, observing body language,
eye contact, and facial gestures give a better understanding and connection between the critical
care staff and the family member. Family centered guidelines in times of crisis are warranted, the
presence of family members in ICU’s should remain a priority (Davidson et al, 2017).

Post Intensive Care Syndrome in Families (PICS-F)

Stress reactions consistent with a high risk of developing PTSD is common in family members of
adult and pediatric ICU patients (up to 33 percent) and family members of patients who died in
the ICU are at a higher risk (up to 50 percent). Perceived inadequate information by ICU physicians
(48 percent) and involvement in end-of-life decisions (60 percent), are independent determinants
of the risk for post-traumatic stress reaction. (Azoulay et al, 2005).

Post Intensive Care syndrome (PICS) may also in family members and is known as PICS-F. (Rawal
et al. 2017) The major causes of PICS-F are poor communication, a role as critical decision maker,
educational level, and facing life and death situations with their loved ones. A lack of interaction
between caregivers and families induces a feeling of exclusion and significant emotional burden
when patients die. (Robert et al, 2020). Family members reported frustration, anger, confusion,
feelings of hopelessness, guilt, anxiety, and at times lack of trust in the critical care staff when
visits were restricted. Virtual platforms were also problematic because of digital literacy, language
barriers and socioeconomic inequities (Munshi et al. 2021., Jones-Bonofiglio et al. 2021).

For relatives, witnessing terminal dyspnea and not being able to say goodbye to a loved one can
result in psychological sequelae, like PTSD-related symptoms in the former and complicated grief
symptoms in the later (Kentish-Barnes et al 2015, Robert et al, 2020) Prolonged grief disorder is a
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chronic mental health issue that requires treatment and should be differentiated from depression,
grief, mourning and bereavement (American Psychiatric Association, 2013).

During a pandemic there is a disruption in social norms, end of life rituals, and usual mourning
practices (Mayland et al, 2020). In their recent study of family members of patients who died in
an ICU during the COVID-19 pandemic, Kentish-Barnes et al, (2021) identified 3 major themes:

1) Difficulty in building a relationship with the ICU clinicians and understanding the medlical
information. Distance communication was not sufficient, and participants reported increased
feelings of solitude. A perceived deficit of communication was associated with a breakdown in
the trust placed in the institution. Family members felt a lack of support and empathy when
information was received over the phone.

2) Family members experienced discontinuities and interruptions in the relationship with their
loved one. When banned from visiting family members experienced feelings of powerlessness,
abandonment, and unreality, rather than feeling they had an active role in the care of their loved
ones. Participants felt it essential that patients did not die alone , and for some, visiting only at the
end of life was perceived as insufficient.

3) Absence of these important rituals resulted in disruption of the normal grieving process, feelings
of guilt, and what family members describe as “stolen moments”. (Kentish-Barnes et al, 2021)

The ICU team

There is also the issue at the collective team level when ICUs were required to create new
visiting protocols that included designating one or two family members as support caregivers,
demonstrating the proper use of PPE, increased demand for communication and supplying
information to families. These all led to increased demands/workload to an already overextended
and tired critical care staff. (Hugelius et al, 2021)

There was further psychological strain on critical care staff who took became surrogates for family
members. Jones-Bonofiglio et al. (2021) described the heartbreaking experiences of nurses,
physicians, and anesthetists who were with patients at the end of life without family members
present. These experiences can result in psychological injury, depression, moral distress, and post
traumatic symptoms (Greenberg et al, 2021, Hart et al, 2021, Azoulay et al, 2005).

Tyler Dawson of the National Post, quoted Dr. Neeja Bakshi an internist at the Royal Alexandra
Hospital in Edmonton. “What bothers us - or torments us, | guess - is that these patients often are
alone, and nobody should die alone, but it is also difficult that we have the volume that we have...
You can't be with every single person”(Dawson, September 30, 2021).

In summary, it is difficult to reconcile the need for infection control practices, with the inherent
limitations to family ICU visits, while at the same time the need of families desperately seeking
information about their loved ones’ condition, and the idea of family centered care for these
patients.

Recommendations:
15. Family members and close friends should be able to visit patients in the ICU.

16. Mental Health Liaison Teams should be developed to facilitate and assist families
navigating the system, and to ensure they receive appropriate mental health support in the
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community. The team could include social workers, clergy, volunteers, and retired medical
and mental health professionals. This service may be especially relevant in assisting those
patients and families experiencing psychosocial, psychological, and cognitive sequelae
associated with PICS and PICS-F.

Canada’s Critical Care research agenda related to COVID-19

Thanks to the efforts of the Canadian Institute of Health Research (CIHR) to facilitate and to
mobilize Canada’s health research community, several Canadian-led international trials contributed
important knowledge to our understanding of COVID-19. Important examples include the
Antithrombotic Therapy to Ameliorate Complications of COVID-19 trial, led by the Universities
of Manitoba and Toronto, which showed the benefit of therapeutic anticoagulation among ward
patients with COVID-19 and the finding of harm among those in the intensive care unit; the
Together Trial, which is evaluating outpatient therapies and has been led by a leadership team
in Canada but is recruiting patients in Brazil, the Canadian Treatments for COVID-19 trial in
collaboration with the World Health Organization Solidarity Trial and the Randomized, Embedded,
Multifactorial Adaptive Platform trial (REMAP) of which Canada is an international partner. (Lawler
PR 2021, REMAP-CAP investigators 2021, Reis G, 2021, Ali K, 2022). Canadian centres also
recruited patients to several international trials (Skipper et al, 2020, Pan H et al, 2021). There are
limited examples of large Canadian-led studies that took place primarily in Canada CONCOR-1
and COLCOT trials (Tardif JC 2021; CONCOR-1).

However, the pandemic has also made it evident that there are major foundational deficiencies in
health research in Canada. Lamontagne and colleagues stated that the root cause of the currently
inadequate Canadian research infrastructure is the commonly held view that health research and
health care are separate entities that should exist in their own silos. (Lamontagne et al, 2021).
They believe a discussion on consequence of not having clinical research within Canadian health
systems is needed and advocated for its integration into our health systems. They concluded that
better healthcare depends on evidence informed decision-making and, therefore, on high-quality
clinical research responsive to the systems’ needs. In their opinion, Canada’s limited research
success during the pandemic has highlighted a broken system.

Tsang and colleagues commented that the COVID-19 pandemic has uncovered long-standing
deficiencies in Canada’s clinical research infrastructure. For example, while many Canadian
hospitals are participating in COVID-19-related research, most patients are cared for in centres
that were not involved in clinical trials. (Tsang et al, 2021). As a result, recruitment to pandemic
trials in Canada has been slow relative to other developed countries and the proportion of patients
enrolled in clinical trials has been relatively low.

Chornecki and colleagues recently surveyed existing hospital, regional, provincial, and national
data platforms to identify gaps and barriers in data collection. They found that the CIHI Health
Information Discharge Abstract Database contains high-level clinical data on every adult and child
discharged from acute care facilities but nothing on critical care-specific severity of illness risk-
adjustment scores, physiologic data, or data pertaining to medication use. They also noted a very
limited national infrastructure to collect and link biological samples from critically ill patients. They
concluded that clinical and biological data collection among critically ill patients in Canada is not
sufficiently coordinated, and lags other jurisdictions. (Chornecki et al. 2020).
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Schwartz and colleagues noted that Canada’s research contributions during the pandemic were
limited for several other reasons, most related to complex requirements and slow bureaucratic
components. These included the time to obtain research ethics board approvals at many sites,
funding, and the completion of contracts, even when expedited. These delays resulted in missed
research opportunities at the start of the pandemic or meant that study questions had already
been answered by investigators elsewhere. In addition, project-based funding calls have often
been uncoordinated, and have tended to encourage individual investigators to individually
embark on studies to answer similar questions rather than work collaboratively or be asked to
join networks or respond to targeted research priority areas. Another significant limiting factor
affecting the successful completion of research studies was the redeployment of researchers back
to the bedside when hospitals and health systems were under severe stress due to patient surges.
(Schwartz, 2021).

Misleading clinical evidence, preprints of studies prior to peer review and false meta-analyses
showing benefit of therapies such as ivermectin and colchicine have hampered the performance of
properly performed randomized clinical trials and encouraged off-label use of these medications
(Garegnani, 2021).

During the pandemic, Health Canada has been helpful and efficient in getting trials vetted and
approved but having a fully national, collaborative, and binding research ethics approval process,
like the United Kingdom, Australia, and New Zealand, would have significantly decreased the
time needed for trial start up. A standard trial contract agreement template, pre-vetted by
the sponsoring institution and research institutes would, perhaps, be the greatest regulatory
opportunity to improve the time-to-initiation of trials.

Recommendations:
17. Clinical research must be integrated into and across our health systems.

18. A discussion should be initiated on the lack of clinical research within Canadian health
systems and its consequences.

19. That clinical and biological data for research purposes should be collected nationally.

20. A standard trial contract agreement template should be available at research institutes
across Canada.

What have we learned?

The COVID-19 pandemic has challenged our ability to deliver life-saving acute and critical care
to Canadians more than any other illness in our recent history. It has exposed the precarious
demand-capacity balance in Canadian health care where, even under non-pandemic conditions,
capacity just matches demand during most periods of the year.

CIHI (2016) found that ICUs in teaching hospitals and large urban hospitals had an average
occupancy of 90 percent and 86 percent, respectively, indicating that for significant periods,
such as during “influenza season” in the winter and during a busy “trauma season” in the spring
and summer, occupancy was at 100 percent. High ICU occupancy, particularly above 80 percent,
were associated with an increase in ICU mortality, hospital mortality, and ICU readmission within
seven days of discharge. Therefore, an average occupancy of no higher than 80 percent has been
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recommended, to be able to respond to surges in demand (Chrusch et al. 2009, Capuzzo et al.
2014, Tierney and Conroy. 2014).

During past outbreaks for SARS-COV-1 in 2003, and Influenza A(HTN1) in 2009-2010, it was
evident that small increases in demand could overwhelm the acute health care system (Fowler et
al, 2003, Smetanin 2009). The COVID-19 pandemic has demonstrated that a prolonged increase
in demand on acute and critical care overwhelms Canada’s ability to provide acute healthcare.
This, in turn, drives the public health responses, leading to limitation in travel, population
lockdowns, the closing of many businesses, and a significant negative impact on the economic
and social structure of the country. ICU capacity, particularly human resources, has emerged as a
critical bottleneck not only with respect to providing care for patients in need, but also to support
continued social and economic activities in the population overall.

Even business systems that function economically and efficiently, using a lean systems approach
with “just in time"” production and delivery of goods, have been impacted significantly by supply
chain disruptions during the pandemic. It is evident that our health systems, and definitely ICUs,
cannot function with this model and need to have built in flexibility and resilience. From both a
health system and broader economic perspective, this is a key learning from the pandemic in
many countries around the world.

In addition to needing to augment public health and acute health care capacity in Canada, this
pandemic has shown the need and value of cooperation, for without the regional and inter-
provincial/territorial cooperation and transportation of critically ill patients, many more patients
would have suffered or died from an inability to receive the care they needed. This underlines the
necessity for our federally supported but provincially/territorially administered system of acute
care to be more nationally connected, and perhaps federally incentivized as a component of the
transfer payment system.

The availability of effective vaccines against COVID-19 dramatically changed the nature of
the pandemic. During the 4™ wave, caused by the delta variant, heavy demands were placed
on the overall acute care system, and particularly on ICUs. This was most evident in western
Canada where in some remote rural areas and select urban neighbourhoods there was a low
incidence of vaccination, and high levels of COVID-19 infections. Covid-19 vaccines are over
90 percent effective against the delta variant and its precursors, but only 70 percent effective
against severe infection by omicron (Collie 2022). The omicron variant caused astonishingly
high levels of community infection and the highest incidence of hospitalization but, as in other
countries, Canadian ICU admissions were significantly lower in Canada than in previous waves of
the pandemic. Sheikh (2022) reported that while the incidence of serious breakthrough infections
requiring ICU admission in Scotland was somewhat higher with omicron, the existing mRNA
vaccines still exerted a significant protective effect particularly following a booster dose and have
been effective in reducing the burden of serious illness requiring hospitalization, ICU admissions,
and death. However, unvaccinated people are currently almost six times more likely to be
hospitalized and almost 12 times more likely to require care in the ICU than a person who has
received two or three doses (Ontario Science Table 2022). To state it simply, the best way to
prevent our ICUs from being overwhelmed at some time in the future, is to maintain a high level
of immunization, including booster shots, in the population. However, the arrival of the omicron
variant with multiple spike protein mutations has underlined the possibility of mutations that not
only increase transmissibility but could also be associated with more severe disease. This is most
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likely to happen in areas of the world that have low incidences of vaccination and high levels of
infection.

Readiness to conduct the research required to establish effective national treatment for any
new illness is essential for an effective health system response. The most efficient mechanism to
achieve this is to establish a durably funded national acute and critical care network. This would
consist of investigators and research coordinators, well integrated into our national clinical health
systems, who conduct clinical trials, with pre-existing research ethics and contract agreements.
National funders, regulators, research ethics boards, and researchers must be ready to respond
immediately to a declared public health crisis with input from patients, the population, and other
stakeholders. In addition, involved stakeholders need to establish focused national observational
and experimental research priorities that will allow the network to focus on appropriate research
protocols that will definitively answer questions, rather than having many individual and
uncoordinated projects.

We know that pandemics have long-lasting effects on patients, health care workers and the
general population. An important element of this pandemic response should now be focused
on preventing and treating post-COVID-19 syndrome in patients, supporting the mental and
physical health of health care workers and solidifying the national research infrastructure needed
to respond to the next health care crisis.

How should we move forward?

We must not forget what we have learned and be prepared for the next highly pathogenic
variant and the next pandemic.

The National Advisory Committee on SARS and Public Health (Government of Canada, 2004)
noted we had much to learn from the outbreak of SARS , in large part because too many earlier
lessons had been ignored.

In 2006, Mr. Justice Archie Campbell, Chair of the SARS Commission wrote:

“SARS taught us lessons that can help us redeem our failures. If we do not learn the lessons to
be taken from SARS, however, and if we do not make present governments fix the problems that
remain, we will pay a terrible price in the face of future outbreaks of virulent disease”.

Canada needs to understand the impact of the COVID-19 pandemic on the country and to
prepare for the next pandemic.

This pandemic has caused the deaths of 41,354 Canadians over 26 months, compared with
45,500 dying over more than five and half years during World War Il. Viruses are jumping across
species constantly and this is likely to occur more frequently as humans encroach on other species’
habitats. Future pandemics will inevitably happen and will likely be caused by novel pathogens
that may be more deadly than COVID-19.

High levels of immunity to COVID-19 must be maintained in the Canadian population.

It is important to encourage all adult Canadians to become fully immunized against COVID-19, as
defined by having 3 doses of vaccine (two for those under 18 years). This will reduce the impact
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on ICUs during any future waves as the vaccines are highly protective against the development of
serious illness resulting in a need for ICU admission.

Canada’s ICU capacity must be expanded significantly.

Singapore, Portugal, and Spain, have a higher incidence of immunization than Canada, but
continue to struggle with ongoing surges of COVID-19, so we will probably see a similar trend
although, hopefully, at a lower level of severity (CNA 2021, Johns Hopkins University 2021).
Consequently, each province must consider how to increase the number of staffed ICU beds
to provide invasive mechanical ventilation and multiple organ support. In the first instance, this
will require accurate regular reporting of the number of staffed, funded ICU beds available for
critically ill mechanically ventilated patients. Subsequently, funding will be required to expand
existing ICUs and build new ones, as well for the increased numbers of healthcare professionals
required. This will require careful consideration at all levels of government and federal financial
support. The eventual model would see an average occupancy in Canadian ICUs of no more than
80 percent, but with the ability to rapidly increase to 200 percent of regular occupancy in the
event of a severe surge or another pandemic. Since most ICUs in Canada have operated at or
close to 100 percent occupancy prior to the pandemic, this would require at least a 20 percent
increase in ICU beds nationally, but some provinces will require a significantly higher increase as
their current ICU capacity is so low.

Critical care professionals must be valued, retained and new professionals recruited.

New hospitals and ICUs are of little value without trained health professionals to work in them.
Even prior to the pandemic, there was a shortage of nurses. Global nursing leaders, nursing
associations and nursing unions have been warning of an impending workforce shortage, especially
in ICUs, during the remainder of this pandemic and into the future (Alharbi et al, 2020, Credland
2021Kurth et al, 2021). Canada faces the same risks to its critical care nursing and RT workforce
(Grant K, 2021, Miller et al 2021). Because of the stress many ICU staff are struggling, many have
left their positions, and some are leaving the profession entirely. A recent report indicated that
two thirds of nurses working at the Royal Inland Hospital in Kamloops, British Columbia had
left their positions (Letterio, 2021) and likely more will leave in the coming months. Miller et al,
showed that 35 percent of respondents were seriously considering leaving the profession due
to inadequate staffing, inability to complete work, high workloads, and poor leadership. This
escalation of burnout, the decrease in undergraduate enrollment, and the increase in retirements
are leading to a decline in Canadian RT numbers.

A recent, yet unpublished survey of critical care nurses identified the following potential strategies
to improve retention and recruit new staff:

e Additional mental health resources to cope with the added psychological burden from
the pandemic which is in addition to the normal day-to-day mental health burden. These
resources include mentoring and peer support groups, PTSD prevention and coping
strategies, psychological support focusing on coping, and building resilience as supports
that would be of benefit for all critical care staff.

e Improving working environments by better staffing ratios, decreasing workplace violence,
discontinuing mandatory overtime, and providing more management support at the
frontline.
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e Educational programs that focus on the clinical knowledge required to work in an ICU, and
the tools needed to develop resiliency should be available to ICU nurses.

* Hospitals and provincial health authorities should partner with Canadian Universities to
include ICU clinical rotations in their curriculum to entice new nursing graduates to a
rewarding career in critical care as a specialty.

The pandemic has also highlighted specific problems inherent in a female-dominated profession
such as nursing. These include accessible childcare, which was identified as a barrier by many
of the survey respondents. With the lockdowns during the pandemic, daycare access became
limited and affected nurses’ ability to be available for work. This highlights a need for employers
to focus on flexible work schedules and improved childcare options for shift workers.

The impact of the ongoing pandemic on the critical care workforce cannot be minimized. It is
imperative that governments, hospitals, and health authorities implement strategies to retain and
recruit this immensely valuable highly skilled workforce to ensure the delivery of quality care to
Canadians that require care in our ICUs.

Canadian hospitals must be upgraded

Many older hospitals in Canada struggled during waves of the pandemic to even provide an
adequate and consistent flow of oxygen under the burden of the numbers of seriously and
critically ill patients. In November 2020, Alberta Health Services advised hospitals in Calgary to
reduce oxygen use in anticipation of further COVID-19 patients being admitted (Rieger S, 2020),
while patients at Michael Garron Hospital in Toronto were transferred to other hospitals because
of concerns that oxygen supplies would be exhausted due to the number of COVID-19 patients
being treated (McGillivray et al, 2021) The HVAC systems in many older hospitals do not meet
the current standard of 12 air exchanges per hour. The design of new hospitals must prevent
airborne transmission of pathogens as some patients admitted with other illnesses were placed in
rooms and open wards and contracted COVID 19. Furthermore, in many ICUs had to place two
patients in cubicles built and equipped to care for one patient (Keller 2021). It is time to seriously
evaluate the state of our acute care hospitals in Canada and determine how we can upgrade our
infrastructure to modern standards where necessary and to construct modern, state-of-the-art
hospitals.

New hospital buildings must be acuity adaptable

As new hospitals and wings are planned and constructed across Canada, careful consideration
should be given to incorporating acuity adaptability into their design and functionality. This will
require that regular medical/surgical units have additional gas, vacuum, power and data outlets
so that they can be easily converted to ICUs. In addition, there should be hidden gas, vacuum,
power plumbing, and data outlets in non-clinical areas, such as conference rooms, underground
car parks, and even entrance hallways, to enable those areas to become medical units in the event
of a pandemic (France 24, 2021, Simone R, 2020, Rush University, 2021, Simone R, 2021).

We must understand that SARS-CoV-2 is not finished with us.

It was widely hoped the pandemic would be nearing an end as a result of immunization and natural
infection, but it is now clear this virus and its descendants are not yet finished with us. Very recent
data (see Appendix) show we are entering a 6" wave of COVID-19 hospitalizations even before
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patients hospitalized during the 5" wave have left the hospitals. The appearance of the omicron
variant and its many subvariants shows that the virus has the capacity to mutate frequently and
to create variants that can evade the immunity provided by our vaccines. Although the omicron
variant and its subvariants have caused fewer infected individuals to become seriously ill, it is so
much more transmissible that hospital systems have been put under severe pressure. It has been
widely stated that as viruses evolve, they tend to become more efficient at transmission but cause
less serious illness. However, in reality, RNA viruses such as SARS-CoV-2 mutate in a random
fashion so while the most successful variants are more easily transmitted, there is no reason they
cannot also cause more serious disease. In fact, a higher incidence of transmission increases the
probability of new of new mutations, potentially resulting in even more virulent strains.

In a best-case scenario, COVID-19 will eventually become endemic, that is, the infection is
regular, present intermittently on a seasonal basis, and predictable. However, COVID-19 becomes
endemic, it is critical that diagnostic testing capacity is not lost, that appropriate stores of personal
protective equipment are maintained, and that health systems remain capable of responding to
new surges of the disease.

The federal and provincial governments must conduct honest and open in-depth reviews of their
pandemic responses and initiate the development of a system of coordinated responses.

Provinces varied greatly with regards to when and how they implemented public health restrictions
and vaccination mandates. Despite pleas from intensivists and public health experts, some
provinces delayed implementation of effective public health measures. This resulted in needless
deaths and the eventual requirement to evacuate critically ill patients to ICUs in other provinces.
Some provinces prematurely discontinued public health measures and ignored pleas from experts
as COVID-19 cases surged. These actions serve as a precautionary tale on how not to manage a
pandemic. It is evident that it is unwise to rely on vaccines alone, particularly when the incidence
of vaccination is low and when the threat of new vaccine-resistant variants is real. It is also apparent
that the timing of initiation and removal of public health measures is vital to manage the severity
of surges of severe illness due to COVID-19.

Formal mechanisms to ensure consistency in public health responses, critical care capacity and
ICU triage protocols across Canada including rapid licensing requirements for health professionals
redeployed between provinces, must be put in place. The Government of Canada must be
prepared to enact the necessary emergency powers to protect the citizens of Canada regardless
of where they live.
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Appendix A: Moral Suffering includes Moral Distress and Moral Injury

Moral distress is described as involving a threat to one’s moral integrity. Moral integrity is the sense
of wholeness and self-worth that comes from having clearly defined values that are congruent with
one’s actions and perceptions (Hardingham 2004). McCarthy and Deady (2008), reported moral
distress may be pervasive among caregiving professionals who are expected to make decisions
and judgments that encompass moral components during complex incidents. Caution should
be used to differentiate moral distress from emotional distress experienced by care providers
working within a stressful environment or with a challenging patient case, without the essential
ethical component of moral distress.

1) Moral Injury is described as act of transgression that creates dissonance and conflict because it
violates assumptions and beliefs about right and wrong and personal goodness (Litz, 2009).

2) Compassion Fatigue: This is defined as a secondary traumatic stress that results from frontline
professionals “cost of caring” (Figley 2002). Compassion fatigue is cognitively related to moral
suffering experienced by first responders in the line of duty and continuous experience of multiple
critical incidents leads to the experience of moral distress, moral injury, and compassion fatigue,
which may in turn increase vulnerability to PTSD symptomatology (Papazoglou et al, 2017).

3) Burnout: Health care worker burnout has been defined as a reaction to chronic stress marked by
emotional exhaustion, depersonalization, and low sense of personal accomplishment (Maslach and
Jackson 1981). Recent theories have proposed that health care workers burnout is a manifestation
of moral injury. This is the challenge of simultaneously knowing what care patients need but
being unable to provide it due to constraints that are beyond our control (Dean et al. 2019).
According to Litz (2009), moral injury reflects the psychosocial, behavioural, and even spiritual
impacts of “failing to prevent or bearing witness to acts that transgress deeply held moral beliefs
and expectations”.

4) Post-Traumatic Stress Disorder: The American Psychiatric Association defines PTSD as a disorder
in individuals exposed, directly or indirectly to a traumatic event, like death threat, serious injury,
and or sexual violence. Preti et al. (2020) reviewed 23 studies that showed that during an outbreak,
52 percent of health care workers scored above the threshold for a PTSD diagnosis.
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Appendix B: COVID-19 Hospitalizations and ICU Admissions in Canada

From CTV News, Tracking Every COVID Case in Canada

https://www.ctvnews.ca/health/coronavirus/tracking-every-case-of-covid-19-in-
canada-1.4852102, Accessed June 4, 2022
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