
 

 
 
 
 
 
 

 
 

 

 

Citation Arabi YM, Azoulay E, (2021), 
How the COVID-19 pandemic will change the future of critical care.  
Intensive Care Medicine, online ahead of print 

Archived version Final publisher’s version / pdf 

Published version  http://dx.doi.org/10.1007/s00134-021-06352-y 

Journal homepage  Intensive Care Medicine 

Author contact greet.vandenberghe@kuleuven.be 

+ 32 (0)16 34 40 21 

IR https://lirias2.kuleuven.be/viewobject.html?cid=1&id=3396690 

  

 

(article begins on next page) 

https://doi.org/10.1007/s00134-021-06352-y
https://www.springer.com/journal/134
https://lirias2.kuleuven.be/viewobject.html?cid=1&id=3396690


 
How the COVID-19 pandemic will change the future of critical care 

 

Yaseen M Arabi1, Elie Azoulay2, Hasan M Al-Dorzi3, Jason Phua4, Jorge Salluh 5, Alexandra Binnie6 7, 
Carol Hodgson8 9 10 11, Derek C Angus12, Maurizio Cecconi13 14, Bin Du15, Rob Fowler16 17 18, Charles D 
Gomersall19, Peter Horby20, Nicole P Juffermans21, Jozef Kesecioglu22, Ruth M Kleinpell23, Flavia R 
Machado24, Greg S Martin25, Geert Meyfroidt26, Andrew Rhodes27, Kathryn Rowan28, Jean-François 
Timsit29, Jean-Louis Vincent30, Giuseppe Citerio31 32 

1 Intensive Care Department, Ministry of National Guard Health Affairs, King Saud Bin Abdulaziz University for Health Sciences, King Abdullah International Medical Research Center, 
Riyadh, Kingdom of Saudi Arabia. 

 2 Medical Intensive Care Unit, Saint Louis University Hospital and Paris 7 University, 1 avenue Claude Vellefaux, 75010 Paris, France. 
 3 FAST and Chronic Programmes, Alexandra Hospital, Division of Respiratory and Critical Care Medicine, Department of Medicine, National University Hospital, National University 

Health System, Singapore, Singapore. 
 4 Department of Critical Care and Graduate Program in Translational Medicine, D’Or Institute for Research and Education, Rio de Janeiro, Brazil. 
 5 Critical Care Department, William Osler Health System, Etobicoke, ON, Canada. 
 6 Faculty of Medicine and Biomedical Sciences, Uni‑ versity of Algarve, Faro, Portugal. 
 7 Australian and New Zealand Intensive Care Research Centre, Melbourne, Australia. 
 8 The Alfred Hospital, Melbourne, Aus tralia. 
 9 Monash University, Melbourne, Australia. 

10 Monash Partners Academic Health Science Centre, Prahran, Australia. 
11 Department of Critical Care Medicine, University of Pittsburgh School of Medicine, Pittsburgh, USA. 
12 Depar‑ ment of Anaesthesia and Intensive Care, Humanitas Clinical and Research Center‑IRCCS, Rozzano, Milano, Italy. 
13 Department of Biomedical Sciences, Humanitas University, Pieve Emanuele, Milano, Italy. 
14 State Key Labora‑ tory of Complex, Severe and Rare Diseases, and Medical ICU, Peking Union Medical College Hospital, Chinese Academy of Medical Sciences and Peking Union 

Medical College, Beijing, China. 
15 Institute of Health Policy Manage‑ ment and Evaluation, University of Toronto, Toronto, Canada. 
16 Department of Critical Care Medicine, Sunnybrook Hospital, Toronto, Canada. 
17 Depart‑ ment of Medicine, Sunnybrook Hospital, Toronto, Canada. 
18 Department of Anaesthesia and Intensive Care, Chinese University of Hong Kong, Shatin, New Territories, Hong Kong. 
19 Centre for Tropical Medicine and Global Health, University of Oxford, Oxford, UK. 
20 Department of Intensive Care, OLVG Hospital and Laboratory of Experimental Intensive Care and Anesthesiol‑ ogy, Amsterdam University Medical Center, Amsterdam, The 

Netherlands. 
21 Department of Intensive Care Medicine, University Medical Center Utrecht, Utrecht University, Utrecht, The Netherlands. 
22 Vanderbilt University School of Nursing, 461 21st Avenue South, Nashville, TN 37203, USA. 
23 Anesthesiology, Pain and Intensive Care Department, Federal University of São Paulo, São Paulo, Brazil. 
24 Division of Pulmonary, Allergy, Critical Care and Sleep Medicine, Emory University School of Medicine, Emory Critical Care Center and Grady Memorial Hospital, Atlanta, GA, 

USA. 25 Department and Labora‑ tory of Intensive Care Medicine, University Hospitals Leuven and KU Leuven, Leuven, Belgium. 
26 Adult Critical Care, St George’s University Hospitals NHS Foundation Trust and St George’s University of London, London, UK. 
27 Inten‑ sive Care National Audit and Research Centre (ICNARC), Napier House, 24 High Holborn, London WC1V 6AZ, UK. 
28 AP‑HP, Bichat Hospital, Medical and Infec‑ tious Diseases ICU (MI2), University of Paris, IAME, INSERM, 75018 Paris, France.  

29 Department of Intensive Care, Erasme University Hospital, Université Libre de Bruxelles, Bruxelles, Belgium. 
30 School of Medicine and Surgery, University of Milano‑Bicocca, Monza, Italy. 
 31 Neurointensive Care Unit, San Gerardo Hospital, ASST‑Monza, Monza, Italy. 

 

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 connection 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. 



Since December 2019, the Coronavirus disease-19 (COVID-19) pandemic has affected more 
than 110 million patients and led to more than 2.4 million deaths worldwide. Unfortunately, 
global cases continue to rise, with many countries facing additional waves of infection, 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. 

The objectives of this review article are to reflect on the critical care response to the COVID-
19 pandemic 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 impossible 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 opportunity to better prepare for the future. Some solutions may be setting and 
resource dependent; what is applicable in resource-limited settings may not be applicable in 
resource-rich settings, and vice versa. In all settings, however, the focus should be on 
pragmatic solutions that can be achieved at relatively low cost to improve our collective and 
individual response to future challenges.  

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 hospital surges 
without controlling community spread of the virus have been particularly overwhelmed. In 
addition, the critical care response must be nested within a coordinated, system-wide delivery 
model. This includes strategies for relaxing or tightening ICU admission/discharge 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 
centralized approach that facilitates rapid responses while balancing 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 capacity, whether in 
resource-rich or resource-poor settings, may divert resources from other high-priority aspects 
of healthcare, highlighting that crisis management cannot 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 better 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 
contingency 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. 

https://link.springer.com/article/10.1007/s00134-021-06352-y#Fig1


Expandable ICU bed capacity 

The need for increased ICU bed capacity was evident from the outset of the pandemic. Early 
simulations projected 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 [3,4,5,6,7,8]. Pre-
pandemic ICU bed capacity varied considerably, from < 1 ICU bed per 100,000 population in 
Bangladesh to 24.6 in Germany [7, 9,10,11,12,13,14]. Similarly, the proportion of hospitalized 
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 inadequate medical gas outlets, insufficient electrical capacity, 
poor patient visibility, suboptimal infection control conditions, and difficulty maintaining 
separation between COVID-19 and non-COVID-19 patients. In addition, many of these 
ephemeral ICUs lacked areas for donning 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 desirable. Although operational details will vary, the principal 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 emulated [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 when 
needed, ideally with physical connection or proximity to the “regular” ICU. These “silent ICUs” 
should be selected a priori; should have appropriate infrastructure including medical gas, 
suction, and infection control facilities; and should allow for quick installation of cardiac 
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. 

  

https://link.springer.com/article/10.1007/s00134-021-06352-y#ref-CR2
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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 during 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, 
efficient use of staff and sparing of limited personal protective 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 equipment. Traditional ICU room design places 
the equipment 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 Bluetooth 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 weaknesses 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 [25,26,27]. 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 specialized trainees in critical 
care. For ICU physicians, training programs that start immediately after medical school may 
result in more trainees compared with fellowship 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 staff (physicians and nurses) who can assist during surges; 
preferentially drawn from fields such as anesthesiology, 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) [29,30,31]. Additional processes should 
be implemented to minimize the impact on the quality of care when management is provided 
by non-ICU physicians and nurses. For example, a tiered-experience staffing model would 
allow accredited intensivists and intensive care nurses to oversee non-accredited staff, and 
for outside specialists to contribute to areas in which they excel, such as anesthesiologists 
managing airways [29]. Telemedicine can also be integrated to leverage ICU resources to a 
large number 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 reassurance 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 professionalism in seeking the best for patients 
and families during 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 considerable. 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 [35,36,37]. 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 paramount 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 mechanisms 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 schedules 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 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 respondents [42]. Many ICUs also did not have powered air-purifying 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. 
Mechanisms to stratify the risk of communicable diseases such as COVID-19 for patients 
before admission are also crucial, 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 decontamination given that 
SARS-CoV-2 can persist on inanimate 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 HCWs’ 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 [46,47,48]. 
Limited availability of ventilators was reported by 11% of ICU respondents in an international 
survey (ranging from 7% in North America 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 
ventilators were all used to accommodate additional patients [29, 30, 49]. High-flow nasal 
oxygen (HFNO) and noninvasive 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 pharmaceuticals (sedatives, neuromuscular blockers, vasopressors, 
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 inventory 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 suggested 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 intensivists 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 
appropriateness 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, triaging 
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 responsibility for difficult triage decisions from 
frontline clinicians. They comprise experienced clinicians (nurses and doctors), bioethicists, 
and community members who apply and contextualize societally vetted criteria [58,59,60]. 
The premise is that such teams provide greater objectivity while protecting frontline clinicians 
from moral distress. However, the feasibility and impact of this strategy require further 
studies, including whether these teams suffer themselves moral distress. 

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 uncovered 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 feasible), instituting end-of-life care when indicated, providing 



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 [63,64,65]. Many hospitals 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 presence of ICU HCWs to the minimum that 
is required for direct patient care [29]. In response, hospitals have developed the concept of 
“live-streamed ICU rounds” [66]. The initiative addresses the need to maintain physical 
distancing while providing multidisciplinary care and allowing senior medical staff to 
communicate with the multidisciplinary team and provide education to junior staff and 
students [67]. The limitations of this method must be acknowledged, including the lack of 
direct patient contact 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]. Lockdown, social distancing measures, and restricted hospital visitation policies have 
left little time for family members. Increased HCW workloads have resulted in family members 
having less access to the medical team. The pandemic has demonstrated the difficulty of 
building trust with family members when they cannot come to the hospital, 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 provide fine-tuned communication [29]. 

To foster a positive connection between patients, relatives, and healthcare professionals 
during the COVID-19 pandemic, new strategies have been implemented that may improve 
communication with vulnerable relatives 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 instituted [71]. Telephone calls from medical students, non-ICU 
physicians, or volunteers have also been used to provide additional family support. Although 
telecommunication 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 (AI) support 

COVID-19 may be a turning point for digital transformation 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 (COVNet), was created to extract visual features from volumetric chest 
computed tomography examinations for the detection of COVID-19 [72]. Whether AI can 
deliver effective solutions in time to help with the current pandemic 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 implement 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 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 
strategies, however, have proven successful at accelerating research into COVID-19 therapies. 
The first is the platform 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 perpetual 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 simplified 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 jurisdictions still require local approval, resulting in significant 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 leverage 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. 

  



 

Fig. 1 How the COVID‑19 pandemic will shape the future of critical care in the post‑COVID‑19 era 
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