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Abstract

Coronavirus disease 19 (COVID-19) has posed unprecedented healthcare system challenges, some of which will lead
to transformative change. It is obvious to healthcare workers and policymakers alike that an effective critical care
surge response must be nested within the overall care delivery model. The COVID-19 pandemic has highlighted

key elements of emergency preparedness. These include having national or regional strategic reserves of personal
protective equipment, intensive care unit (ICU) devices, consumables and pharmaceuticals, as well as effective supply
chains and efficient utilization protocols. ICUs must also be prepared to accommodate surges of patients and ICU
staffing models should allow for fluctuations in demand. Pre-existing ICU triage and end-of-life care principles should
be established, implemented and updated. Daily workflow processes should be restructured to include remote con-
nection with multidisciplinary healthcare workers and frequent communication with relatives. The pandemic has

also demonstrated the benefits of digital transformation and the value of remote monitoring technologies, such as
wireless monitoring. Finally, the pandemic has highlighted the value of pre-existing epidemiological registries and
agile randomized controlled platform trials in generating fast, reliable data. The COVID-19 pandemic is a reminder that
besides our duty to care, we are committed to improve. By meeting these challenges today, we will be able to provide
better care to future patients.
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Since December 2019, the Coronavirus disease-19
(COVID-19) pandemic has affected more than 110 mil-
lion patients and led to more than 2.4 million deaths
worldwide. Unfortunately, global cases continue to rise,
with many countries facing additional waves of infec-
tion, some of which are even more worrisome than the
first. Healthcare systems have been challenged but have
also shown remarkable adaptability [1]. Some of these
changes will be transformative and will impact how we
provide critical care, even after the pandemic is over.
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and to consider the future of critical care in the post-
COVID-19 era (Fig. 1). As we reflect on what we have
learned so far, we recognize that we are still very much
in the midst of the pandemic and that we will continue to
learn and evolve as the virus challenges our patients and
our communities. We recognize that we still have a lot to
learn about what worked and what did not. It is impos-
sible to predict the timing, nature and extent of the next
pandemic. Nevertheless, we believe that the lessons of
the COVID-19 pandemic should be viewed as an oppor-
tunity to better prepare for the future. Some solutions
may be setting and resource dependent; what is appli-
cable in resource-limited settings may not be applicable
in resource-rich settings, and vice versa. In all settings,

Take-home message

COVID-19 pandemic should lead to transformative changes in how
we provide critical care. These include improved ICU bed capacity
and design, flexible ICU staffing, reliable supply chains for personal
protective equipment, ICU devices, consumables and pharmaceu-
ticals, establishment of ICU triage principles, improved communica-
tion with families, digital transformation and more agile, collabora-
tive research.

however, the focus should be on pragmatic solutions that
can be achieved at relatively low cost to improve our col-
lective and individual response to future challenges.
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Fig. 1 How the COVID-19 pandemic will shape the future of critical care in the post-COVID-19 era
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A system approach to critical care crises
The response to any disaster follows the basic tenets
of disaster management: prevention, preparedness,
response and recovery. Indeed, the best way to handle
a surge of intensive care unit (ICU) patients is to avoid
one. Jurisdictions that have focused on managing hos-
pital surges without controlling community spread of
the virus have been particularly overwhelmed. In addi-
tion, the critical care response must be nested within a
coordinated, system-wide delivery model. This includes
strategies for relaxing or tightening ICU admission/dis-
charge criteria so as to “spread” disease burden optimally
across the system, and pre-determined protocols for
reducing pressures in other areas (e.g., elective surgeries)
to accommodate an influx of critically ill patients along
with a plan to minimize the negative effects of these
decisions. We suggest that coordination is best achieved
through local and regional “command centers’, a central-
ized approach that facilitates rapid responses while bal-
ancing competing pressures. Centralized command can
also facilitate redistribution of patients across institutions
and offload overwhelmed hospitals, although how these
transfers actually impact outcomes remains uncertain.
Finally, it must be recognized that increasing ICU capac-
ity, whether in resource-rich or resource-poor settings,
may divert resources from other high-priority aspects
of healthcare, highlighting that crisis management can-
not be considered from an ICU perspective alone. The
importance of a coordinated, system-wide approach,
with input from all stakeholders, cannot be overstated.
The pandemic has highlighted another overarching
principle of disaster response: healthcare systems are bet-
ter prepared for disasters when engaged in processes that
can scale in a time of crisis. As such, the lessons learned
from the COVID-19 pandemic should not just be con-
tingency planning for times of “stress” but should reflect
new habits that will stand us in good stead when future
disasters hit, whether it is a high-threat pathogen or a
non-infectious multi-casualty event.

Expandable ICU bed capacity

The need for increased ICU bed capacity was evident
from the outset of the pandemic. Early simulations pro-
jected that the peak of the outbreak would require a
multi-fold increase in ICU bed capacity [2]; projections
that were soon realized in many countries [3—8]. Pre-
pandemic ICU bed capacity varied considerably, from<1
ICU bed per 100,000 population in Bangladesh to 24.6 in
Germany [7, 9-14]. Similarly, the proportion of hospital-
ized patients with COVID-19 admitted to the ICU also
varied, from 3 to 81% [15]. While ICU bed capacity and
occupancy have been used as an indicator of healthcare
systems strain, whether this indicator allows comparison
across settings is unclear. Nevertheless, ICU strain has
been linked to a higher proportion of COVID-19 deaths
[7].

During the first wave of the pandemic, various ad
hoc approaches were used to expand ICU bed capacity
(Table 1). Although these approaches helped weather the
crisis, they faced logistical challenges, including inade-
quate medical gas outlets, insufficient electrical capacity,
poor patient visibility, suboptimal infection control con-
ditions, and difficulty maintaining separation between
COVID-19 and non-COVID-19 patients. In addition,
many of these ephemeral ICUs lacked areas for don-
ning and doffing of personal protective equipment (PPE),
break rooms and staff sanitation facilities. Concerns were
raised about the outcomes of critically ill patients cared
for in these improvised ICUs.

The COVID-19 pandemic has demonstrated that
pre-planned, expandable ICU capacity is highly desir-
able. Although operational details will vary, the princi-
pal requirement is flexibility. Seasonal increases in bed
capacity to address surges, such as for infants with acute
bronchiolitis, are already in existence and could be emu-
lated [16]. One possible solution to be evaluated is the
creation of “silent ICUs’, in which non-ICU areas (e.g.
emergency rooms, post-anesthetic care areas, or even
regular wards) are designed to be converted into ICUs

Table 1 Strategies used to expand ICU bed capacity during the COVID-19 pandemic

Area Strategy

Within ICU

Within hospital

Outside hospital

Use of non-operational ICU beds

Converting large ICU rooms to double rooms for 2 patients

Shifting low-acuity patients to the wards

Repurposing other monitored beds (post-anesthetic care units, stepdown,

stroke units, endoscopy suites and emergency departments and operat-
ing rooms) to ICUs

Repurposing wards to ICUs
Establishing de novo ICUs
Field hospitals
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when needed, ideally with physical connection or prox-
imity to the “regular” ICU. These “silent ICUs” should
be selected a priori; should have appropriate infrastruc-
ture including medical gas, suction, and infection control
facilities; and should allow for quick installation of car-
diac monitoring and cardiorespiratory support. Once the
surge of critically ill patients is over, the “silent ICUs” can
be converted back to their original function. In addition,
“at-risk” patients outside the ICU can be monitored more
closely through the use of wireless and wearable systems
for continuous smart vital sign monitoring [17]. These
flexible approaches allow for significant expandable ICU
capacity without consuming large amounts of resources
during non-pandemic times. Nevertheless, we recognize
that such flexibility may only be achievable in resource-
rich settings and that patients’ outcome still needs to be
compared with classic ICU beds.

Safer ICU design

The COVID-19 pandemic has exposed the limitations
of current models of ICU design. One issue is the use of
single rooms versus shared rooms. Single rooms offer
greater privacy and patient/family satisfaction, lower
likelihood of cross-contamination to other patients and
staff, and lower risk of delirium [18, 19]. However, the
availability of single rooms varies considerably between
ICUs and countries [20]. Moreover, in a pandemic, there
can never be enough single rooms. When patient:nurse
ratios are high, which is the default in resource-poor
settings and may arise in resource-rich settings dur-
ing a pandemic, closed rooms may increase patient risk
due to reduced visibility and difficulty hearing alarms.
In these situations, cohorting or management in shared
rooms has the advantages of lower operational costs, effi-
cient use of staff and sparing of limited personal protec-
tive equipment (PPE) [21]. The concept of having single
rooms and cohorting patients are not mutually exclusive;
with the appropriate infrastructure, rooms that are used
during “peacetime” for single patients can be used to
handle two patients, allowing for easy expansion of ICU
capacity.

A second issue is the organization of patient equip-
ment. Traditional ICU room design places the equip-
ment around the head of the patient’s bed. This obliges
ICU staff to enter the room frequently for non-patient
contact reasons, such as viewing waveforms, adjusting
device settings or responding to alarms. In a pandemic,
this workflow may increase consumption of PPE as well
as staff exposure to the pathogen. During the pandemic,
some ICUs have moved patient equipment, including
infusion pumps, “slave” physiological monitors, and even
ventilator control boards, outside the rooms, connected
to the patient by extension cords or tubing. Others have

instituted remote control of devices using Wi-Fi or Blue-
tooth systems and even used artificial intelligence (AI)
algorithms to manage vasopressors.

Looking forward, the ideal ICU patient room would
facilitate the provision of patient-centered care, access
and visibility to the patient from outside, while allowing
access to and control of devices remotely and minimizing
non-direct patient care entry. At the same time, privacy
and a quiet environment for the patient are important.
Based on real-world experience, expert guidance for the
safe and optimized reconfiguration or expansion of ICU
capacity due to COVID-19 is available [22].

Expandable ICU staffing pool

During the first wave of the pandemic, pre-existing weak-
nesses in staffing systems were exposed in both high- and
low-income countries [8, 23]. In an international survey
of 2700 ICU staff, a shortage of ICU nurses was reported
by 32% of respondents (ranging from 24% in East Asia
and the Pacific to 57% in South Asia), while a shortage
of intensivists was reported by 15% (ranging from 12%
in North America to 50% in sub-Saharan Africa) [24].
The impact of inadequate staffing was recognized before
the pandemic as being associated with increased patient
mortality, staff burnout and errors [25-27]. During the
COVID-19 pandemic, hospitals have employed a variety
of approaches to address the increased demand for ICU
staff (Table 2).

What are the long-term solutions? The widespread
shortages of ICU nurses, physicians and other staff
require re-thinking how to increase the number of spe-
cialized trainees in critical care. For ICU physicians,
training programs that start immediately after medical
school may result in more trainees compared with fellow-
ship programs starting after primary specialty training.
However, this will not address shortages during a sudden
surge. A more flexible solution is to have a pool of non-
ICU staft (physicians and nurses) who can assist during
surges; preferentially drawn from fields such as anes-
thesiology, emergency medicine, general medicine, and
hospital medicine, where skill sets are not dissimilar to
those required in the ICU [28]. These backup staff would
receive structured training, possibly with simulation,
through a course developed for this purpose (Table 2)
[29-31]. Additional processes should be implemented to
minimize the impact on the quality of care when manage-
ment is provided by non-ICU physicians and nurses. For
example, a tiered-experience staffing model would allow
accredited intensivists and intensive care nurses to over-
see non-accredited staff, and for outside specialists to
contribute to areas in which they excel, such as anesthesi-
ologists managing airways [29]. Telemedicine can also be
integrated to leverage ICU resources to a large number
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Table 2 Strategies used to expand ICU staffing pool during COVID-19 pandemic

Area Strategy

ICU staff Increase the number of patients per staff
Cancel vacations

Increase the working hours

Drawbacks

These solutions may be used as a short-term solution, but they
are likely to increase the risk of complications and burnout

Redeploy trained ICU staff (retired/working in other areas)

Hospital staff

Re-distribution of tasks: e.g. interventional radiologists to

Use of non-ICU staff to reinforce ICU staff with training provided* Unintended consequences including patient harm can result

from delays in routine care [29, 30, 76, 771

manage line insertions, anesthesiologists to provide airway

management

Scale down non-essential activities such as elective surgeries

and redeploy staff to ICU

Non-hospital staff ~ Deployment of HCWs from other hospitals in the city or other

cities
Other approaches
hospitals

Transfer patients from less-resourced to better-resourced

Not feasible in all settings

These strategies are likely to be setting specific; some are applicable in certain settings but not in others

" Examples of the free courses offered for non-ICU clinicians are the C19_SPACE Training Courses offered by ESICM (https://academy.esicm.org/), the BASIC (Basic
Assessment and Support in Intensive Care) course (https://www.aic.cuhk.edu.hk/web8/BASIC.htm) and those by the Society of Critical Care Medicine (SCCM, https://
covid19.sccm.org/nonicu/) and the Saudi Commission for Healthcare Specialties (https://www.scfhs.org.sa/en/Gratitude/Pages/CriticalCareCrashCourse.aspx)

of patients. This reorganization must be accompanied
by addressing the medico-legal implications of non-ICU
staff providing critical care, such as recent emergency
legislation in several American states to protect doctors
from lawsuits arising from adverse events, and the reas-
surance by the United Kingdom General Medical Council
of fair treatment for doctors working outside their usual
field should complaints surface [32].

More focus on the well-being of ICU staff

ICU staff have demonstrated a high level of profession-
alism in seeking the best for patients and families dur-
ing the pandemic. They have faced the crisis with a
spirit of pride for what they have done and the lives they
have saved. The acknowledgment of healthcare workers
(HCWs) by the public has also been a transient positive
aspect of this pandemic.

At the same time, COVID-19 has posed a direct risk to
the physical and mental health of ICU staff. A review in
April 2020 found that HCWs accounted for a median of
10% of COVID-19 cases across 41 countries and regions,
with case fatality rates ranging from 0 to 19% [33]. The
mental burden of the pandemic has also been consider-
able. Burnout among ICU staff was already prevalent
pre-COVID-19 [34] and studies have shown that the
prevalence of insomnia, anxiety, depression, and burnout
was high in the critical care setting [35-37]. A pandemic
survey of 1001 intensivists from 85 countries found the
frequency of symptoms of anxiety, depression, and severe
burnout to be 47%, 30%, and 51%, respectively [35]. Many
ICU professionals have also suffered from moral distress,
due to the sense that patient care has been compromised

by overwhelming demand [38]. Discrimination by the lay
public against HCWs, due to fear of contagion, has also
been challenging [39]. To compound matters, HCWs are
now facing further waves of COVID-19 in the setting of
exhaustion and fatigue.

The COVID-19 pandemic has reminded all of the para-
mount importance of protecting the physical and mental
well-being of ICU staff. In addition to making PPE easily
available and ensuring compliance with infection control
practices, ICUs need to improve workflow and design to
reduce unnecessary exposures. Universal masking within
the ICU, segregation of teams, and social distancing of
individuals must also be considered to protect staff from
infection [30]. Studies are ongoing to decipher the mech-
anisms that lead to psychological burden in HCWs and
to identify key targets for prevention. Hospital and ICU
leadership must pre-empt such issues through constant
communication with staff. This includes reassurance
regarding PPE availability, follow-up on how clinicians
are coping, limitation of shift hours, peer and mental
health support measures, and involving staff in strategies
to foster family-centered care [29, 30, 40]. Staffing sched-
ules that allow clinicians to rest and take care of their
families should be prioritized. Experience from the first
wave in Italy has suggested that interventions to address
staff emotions and promote resilience were helpful to
HCWs [41].

Efficient supply and utilization of personal
protective equipment

The global shortage of PPE (medical masks, respirators,
gowns, gloves, etc.) during the first wave of the pandemic
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was a major challenge. In the international PPE-SAFE
survey of 2711 frontline clinicians from 90 countries in
March and April 2020, 52% reported lack of availability
of at least 1 piece of standard PPE [42]. Fit testing of N95
and FFP2 masks was not performed in 51% of respond-
ents [42]. Many ICUs also did not have powered air-puri-
fying respirators (PAPRs), which are recommended for
staff who fail N95/FFP2 fit testing [29, 30].

The pandemic has highlighted the benefits of a strategic
reserve of national or regional PPE along with an efficient
supply chain. It has also highlighted the vital importance
of regular fit testing and training of all HCWs. Strategies
to improve PPE “stewardship” should be universal. Mech-
anisms to stratify the risk of communicable diseases such
as COVID-19 for patients before admission are also cru-
cial, together with the designation of “clean” and “hot”
zones within the ICU and clear guidelines on when a
patient may be de-isolated [29, 30, 43]. The pandemic has
also highlighted the importance of environmental decon-
tamination given that SARS-CoV-2 can persist on inani-
mate surfaces for up to 3 days [44]. The use of fumigation
or ultraviolet-C radiation for disinfecting rooms between
patients is a potential strategy. Outside of patient rooms,
surfaces that may be covert reservoirs for the virus
include computer terminals and HCWSs’ mobile phones
[45]. It is yet to be studied whether it is more useful to
create a COVID-19 unit where healthcare providers
are in immersion with protective equipment for several
patients or use a single room with donning and doffing
procedures for accessing that room.

Efficient supply and utilization of ICU devices,
consumables, and pharmaceuticals

What may be normally sufficient for ICUs may be grossly
inadequate during surges [46—48]. Limited availability of
ventilators was reported by 11% of ICU respondents in
an international survey (ranging from 7% in North Amer-
ica to 43% in sub-Saharan Africa) and was independently
associated with a twofold increase in the withholding of
mechanical ventilation [24]. As an alternative to standard
ICU ventilators, anesthesia, transport, and military ven-
tilators were all used to accommodate additional patients
[29, 30, 49]. High-flow nasal oxygen (HFNO) and non-
invasive ventilation were also used to reduce or delay
the need for intubation while acknowledging the lack
of strong supporting evidence [50, 51]. Many resource-
limited settings faced a major shortage of oxygen supply;
more particularly, in Kenya, only 42% of hospital beds
had access to oxygen [52]. Experience with the donation
of equipment to low-income countries also highlighted
the need for parallel efforts in training, as destination

units often lacked staff with advanced airway skills or
experience in ventilating patients.

Beyond ventilators, supplies of dialysis machines,
intravenous infusion pumps, consumables, and phar-
maceuticals (sedatives, neuromuscular blockers, vaso-
pressors, bicarbonate, furosemide, and heparin) were all
threatened by COVID-19 [53]. In addition to improving
the medication supply chain, a conservative approach to
prescribing and the use of alternative drug classes, when
possible, was privileged.

Moving forward, ICUs must keep an up-to-date inven-
tory of current supplies and be able to project potential
gaps in the event of demand surges [29]. Since these items
generally have a relatively short shelf life, a judgment call
on the degree of pre-emptive investment in such capacity
and stockpiles is required and should be made by hospital
administrators in conjunction with regional or national
governments. Standardized protocols to provide a lean
process that guarantees the essential aspects of care and
limits waste are important. Sharing mechanisms can also
reduce costs and allow for redistribution of resources to
areas that are most in need [54]. Indeed, it has been sug-
gested that thousands of lives might have been saved in
the United States through sharing of ventilators between
states [55].

More effective ICU triage

In the context of overwhelming demand, many inten-
sivists were asked to make difficult decisions about who
should be offered ICU admission and who should not
[56]. Some centers applied “lottery” or “first-come-first-
served” principles to prioritize patients, but the appropri-
ateness of such approaches in life-threatening situations
has been challenged [57]. The pandemic has spurred
some jurisdictions to develop recommendations for ICU
triage and rationing. Since no single criterion captures
all morally relevant values, multi-principle allocation
frameworks have been suggested as the most appropriate
approach to prioritizing which patients receive critical
care management [58, 59]. Depending on the setting, tri-
aging frameworks should also be established with other
institutions at the local, regional, or national level, along
with a process for inter-hospital transfers.

Triage teams are a strategy that may offload respon-
sibility for difficult triage decisions from frontline clini-
cians. They comprise experienced clinicians (nurses and
doctors), bioethicists, and community members who
apply and contextualize societally vetted criteria [58—60].
The premise is that such teams provide greater objectiv-
ity while protecting frontline clinicians from moral dis-
tress. However, the feasibility and impact of this strategy
require further studies, including whether these teams
suffer themselves moral distress.
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Better end-of-life care
COVID-19 pandemic has triggered initiatives to improve
end-of-life care in many parts of the world, including
resource-limited settings [61]. In some settings, such as
sub-Saharan Africa, the COVID-19 pandemic has uncov-
ered significant deficiencies in the provision of end-of-life
care due to limited training, the absence of established
policies, and cultural conceptions of death [62].
Guidelines have been published that reinforce the
importance of establishing realistic goals of care for the
critically ill patient, ensuring ongoing communication
with family members (remotely and in-person as feasi-
ble), instituting end-of-life care when indicated, provid-
ing emotional support to family members, and providing
referrals to resources such as supportive and palliative
care, pastoral care, social work, or counseling services
when a patient’s death is imminent [63—65]. Many hos-
pitals have allowed family visits to COVID-19 patients at
end-of-life, with PPE in place and with time restrictions;
a practice that has been appreciated by family members.

Restructuring multidisciplinary rounds

The COVID-19 pandemic has limited the physical pres-
ence of ICU HCWs to the minimum that is required for
direct patient care [29]. In response, hospitals have devel-
oped the concept of “live-streamed ICU rounds” [66]. The
initiative addresses the need to maintain physical distanc-
ing while providing multidisciplinary care and allowing
senior medical staff to communicate with the multidis-
ciplinary team and provide education to junior staff and
students [67]. The limitations of this method must be
acknowledged, including the lack of direct patient con-
tact for team members and confidentiality concerns.
Strategies to enhance live-streamed ICU rounds have
been proposed including standardized presentations, the
use of robotics, and engagement of patients and families
during rounds [68]. Further studies are needed to assess
the impact of this approach on clinical outcomes, patient
and family experience, and bedside teaching.

Reimagining communication with families

The principle of family-centered care has been deeply
challenged by the COVID-19 pandemic [69, 70]. Lock-
down, social distancing measures, and restricted hospital
visitation policies have left little time for family members.
Increased HCW workloads have resulted in family mem-
bers having less access to the medical team. The pan-
demic has demonstrated the difficulty of building trust
with family members when they cannot come to the hos-
pital, observe the care being provided to their loved ones,
and see the clinicians in person. Relatives have expressed

frustration that masks and other PPE hamper the ability
of nurses and physicians to express empathy and to pro-
vide fine-tuned communication [29].

To foster a positive connection between patients, rela-
tives, and healthcare professionals during the COVID-
19 pandemic, new strategies have been implemented
that may improve communication with vulnerable rela-
tives and reduce the post-ICU burden [71]. In addition
to frequent telephone communication from clinicians,
web-based remote family conferences, video calls with
conscious patients, diaries, drawings, text messages,
media groups and virtual ICU visits have all been insti-
tuted [71]. Telephone calls from medical students, non-
ICU physicians, or volunteers have also been used to
provide additional family support. Although telecom-
munication has proven feasible and helpful during the
pandemic, we should revert to the gold standard in face-
to-face communication with patients/relatives as soon as
feasible.

Digital transformation and artificial intelligence
(Al) support

COVID-19 may be a turning point for digital transfor-
mation in critical care. Aside from the increased uptake
of pre-existing technological solutions such as remote
monitoring, smart monitoring, and telemedicine, AI has
been studied as a diagnostic tool, an epidemiological
instrument, and a drug-selection model. A deep-learning
model, the COVID-19 detection neural network (COV-
Net), was created to extract visual features from volu-
metric chest computed tomography examinations for
the detection of COVID-19 [72]. Whether Al can deliver
effective solutions in time to help with the current pan-
demic remains controversial. The ability to translate
these findings into tools to assist with medical decisions
or to design treatments remains to be confirmed [73].

Effective epidemiological registries

During the first wave of the pandemic, several national
registries delivered robust data on the epidemiology of
critically ill patients with COVID-19, which were soon
made publicly available or shared for collaboration. These
registries used novel strategies to enable rapid, large-
scale data collection including pre-existing case report
forms, engagement of large numbers of hospitals, and
minimization of data reporting requirements. However,
international collaboration and comparability have been
hampered by substantial data heterogeneity.

Looking forward, national registries should imple-
ment a pragmatic common core dataset for patients with
acute respiratory failure in the ICU. It should be simple
and feasible in high and low resource settings and allow
for the future addition of specialized case report forms
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for other clinical conditions. Ideally, such registry data
should be available in open access and near real time.

Agile randomized controlled trials (RCTs)

Initiating research into COVID-19 treatments, while
simultaneously reorganizing hospitals and health care
systems has been one of the major challenges of the first
wave of the pandemic. Many early trials, often testing the
same therapeutic agents, were inconclusive. Several strat-
egies, however, have proven successful at accelerating
research into COVID-19 therapies. The first is the plat-
form trial, a model of RCT in which multiple treatments
for a single condition is tested simultaneously [74]. This
is usually combined with an adaptive design, in which
new therapies can be introduced into the study while
unsuccessful therapies are removed after meeting pre-
specified stopping rules. The second is the use of a per-
petual design, so that patients are continually enrolled in
inter-epidemic periods, and the arrival of a new outbreak
requires only small shifts in emphasis or scale. To make
the study accessible to as many hospitals as possible,
some RCTs have used open-label medications (thereby
avoiding the need for a research pharmacy) and sim-
plified consent and data collection forms [75]. Despite
the achievements in COVID-19 research, institutional
review board approvals and regulatory aspects could be
improved. Some jurisdictions have successfully adopted
“fast track” processes that include expedited approval for
clinical trials at the national level, however, many juris-
dictions still require local approval, resulting in signifi-
cant delays even during the pandemic. In addition, the
short-term outcomes reported in early COVID-19 RCTs,
driven by urgency, need to be followed up by data on
long-term outcomes.

Conclusions

The COVID-19 pandemic is a reminder that besides our
core duty to care, we also have duties to improve and to
learn. We have a unique and urgent opportunity to lev-
erage current information about what has positively
impacted patient care during the pandemic to transform
the way we work and to mitigate future health disasters.
We can also re-evaluate strategies that have harmed
patients, families and HCWs, so as to improve care.
When the pandemic is finally over, we should be able to
look back and conclude that critical care is stronger than
ever before.
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