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Highlights 

 

 COVID-19 pandemic challenged critical care research paving the way to redesign new 

research frameworks and strategies. 

 Worldwide availability of clinical and translational research networks is critical to 

develop treatments preventing or curing diseases during next pandemics. 

 Prediction at the individual level and rapid clinical responses are key factors to 

reduce healthcare burden. 
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 Researchers and physicians should always prioritise realistic and ethical goals for 

both clinical care and research. 

 
 
Abstract 

 

While the coronavirus disease 2019 (COVID-19) pandemic placed a heavy burden on 

healthcare systems worldwide, it also induced urgent mobilisation of research teams to 

develop treatments preventing or curing the disease and its consequences. It has, therefore, 

challenged critical care research to rapidly focus on specific fields while forcing critical care 

physicians to make difficult ethical decisions. This narrative review aims to summarise 

critical care research —from organisation to research fields— in this pandemic setting and 

to highlight opportunities to improve research efficiency in the future, based on what is 

learned from COVID-19. This pressure on research revealed, i.e., i/ the need to harmonise 

regulatory processes between countries, allowing simplified organisation of international 

research networks to improve their efficiency in answering large-scale questions; ii/ the 

importance of developing translational research from which therapeutic innovations can 

emerge; iii/ the need for improved triage and predictive scores to rationalise admission to 

the intensive care unit. In this context, key areas for future critical care research and better 

pandemic preparedness are artificial intelligence applied to healthcare, characterisation of 

long-term symptoms, and ethical considerations. Such collaborative research efforts should 

involve groups from both high and low-to-middle income countries to propose worldwide 

solutions. As a conclusion, stress tests on healthcare organisations should be viewed as 

opportunities to design new research frameworks and strategies. Worldwide availability of 

research networks ready to operate is essential to be prepared for next pandemics. 
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Importantly, researchers and physicians should prioritise realistic and ethical goals for both 

clinical care and research. 

Keywords: COVID-19; Critical care; Research; Pandemic; Perspectives 

 

Introduction  

 

As a worldwide emergent disease, the coronavirus disease 2019 (COVID-19) pandemic has 

placed extraordinary pressure on researchers for its prevention and treatment. Highlighted 

by mRNA vaccine development, which was a breakthrough based on decades of research, 

research teams and organisations have been challenged during the pandemic and have 

shown remarkable abilities to adapt. Compared to research previously done in other fields 

of sepsis, especially bacterial sepsis which has been the most studied [1], homogeneous 

groups of patients and site-specific alterations in COVID-19 critical patients were all 

favourable to achieving effective results faster than expected [2]. However, researchers also 

faced many obstacles. Several publications have addressed how this pandemic has impacted 

critical care organisations [3,4], few of them – mainly surveys -  discussed the effects on 

ongoing health research [5,6]. But, to our knowledge, none of them has focused on the 

impact on critical care research topics and networks.  

 

The objectives of this review are to summarise critical care research—from organisation to 

research fields—during the COVID-19 pandemic and provide insights on potential challenges 

for the future. Research is one of the main drivers of better health and patient care [7], and 

stress tests such as pandemics should be viewed as an opportunity to design new research 

frameworks and strategies [8]. Based on the issues experienced during this pandemic, we 
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provide insights that will be transformative and impact how research is managed in 

intensive care, even after the pandemic is over. 
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1. Clinical research organisations & networks, a transnational harmonisation to be 

reached 

 

The COVID-19 pandemic clearly highlighted the importance of clinical research in the 

understanding of a novel disease and the rapid delivery of evidence-based interventions. 

The roles of clinical research organisations, networks, and learned societies were numerous, 

including the conception, design, and delivery of clinical research during a global pandemic, 

industry engagement for manufacturing and procurement, guidelines development and 

implementation to immediately show clinical impact, and governmental bodies to advise on 

policy and strategy. 

   

One such example was the National Institute of Health Research (NIHR) in the UK, which 

developed an engagement with the office of the Chief Medical Officer that led to the urgent 

prioritisation of COVID-19 research [9]. This enabled resource allocation to urgent public 

health (UPH) research to facilitate the delivery of UPH study platforms such as Recovery, 

ReMAP-CAP, and PHOSP-COVID. This approach tapped leading funding bodies, research 

experts, and NHS/NIHR clinical research delivery platforms, and it also enabled novel 

compounds to be rapidly assessed through the UK COVID-19 Therapeutics Advisory Panel 

(UK-CTAP) and UPH committee [10]. For its part, the World Health Organization has also 

carried out numerous actions on the epidemiological level, as well as on fundamental 

research and the therapeutic level. Hence, the Solidarity trial was conducted in 30 countries 

and included 11,330 patients to demonstrate that remdesivir, hydroxychloroquine, 

lopinavir, and interferon regimens had no effect on hospitalised patients with COVID-19 

[11]. While national (e.g., Recovery) and international trials (e.g., Remap-CAP, Solidarity, 
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and Discovery) have contributed to the immediate understanding of COVID-19, the results 

of international trials tend to be easier to generalise and require thinking about the 

development of large networks that go beyond national borders. 

 

This new working knowledge and experience during the pandemic—namely, the challenges 

of global engagement—could substantially benefit medical research. Medicine transcends 

individual, organisational, and geopolitical boundaries. Henceforth, the learning gained from 

this global pandemic should be a steppingstone to further strengthen academic research 

networks. Exemplars of existing research and collaboration should be celebrated and 

examined in preparation for future health emergencies but also translated to other research 

areas. For instance, the European Commission announced that the Clinical Trials Regulation 

(No 536/2014) would be fully operational starting on the 31st of January 2022. Such scrutiny 

and harmonisation of regulatory processes to boost efficiency across geopolitical 

boundaries should be front and centre for future research in an increasingly interconnected 

world. Only the future can tell us whether such changes to legislation will serve as a catalyst 

for pan-European and global medical research. 

 

2. Translational research, the new driver of innovation 

 

Translational research has an important role in biomedical discovery, often serving as the 

pathway to clinical trials. “Forward” translation brings pre-clinical discoveries from the 

bench to the bedside while “reverse” translation brings clinical observations back to the 

laboratory. The COVID-19 pandemic has presented unique challenges to translational 
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research that, by its design, requires use of research laboratory space, as well as access to 

patients. During the early phase of the COVID-19 pandemic, many laboratories and 

institutions across Europe and the USA were shut down partially, completely, or operated at 

limited capacity for weeks to months [12,13]. As a result, collection, processing, and storage 

of clinical samples was not possible and mechanistic “reverse” translational studies had to 

be stopped. Furthermore, many institutions paused non-COVID-19 related clinical research, 

study visits became difficult to impossible, and elective procedures and certain treatments 

were often postponed [14,15]. As a result, access to patients who serve as study 

populations was severely limited and study subjects could not be enrolled. 

 

The response to these crippling restrictions was widely variable with some labs halting all 

translational studies and others pivoting to study patients with SARS-CoV-2 infection, 

something that was only possible for investigators with access to appropriate 

biocontainment facilities. Over time, many institutions have established centralised and 

coordinated research facilities and resources for translational studies of COVID-19 patients. 

These focused efforts have facilitated rapid enrolment of large numbers of COVID-19 

patients and collection of biospecimens, with major support from the National Institutes of 

Health (NIH). As a result, there has been an explosion of new knowledge about SARS-CoV-2 

and COVID-19 disease, much of which comes from translational studies, including clinical 

trials [16]. While the pandemic has highlighted the vulnerabilities of translational research 

to a global catastrophe, it also revealed the opportunities that arise with institutional 

investment, centralised resources and coordinated effort. 
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While a wide range of COVID-19 clinical presentations exists, approximately 30% of 

hospitalised patients require ICU care due to respiratory failure, of which 40% will 

eventually die [17,18]. To maximise scarce healthcare resources, an important research 

priority has been to develop ways to identify early those COVID-19 patients at risk for ICU 

admission, mortality, and recovery [19]. Several attempts have been made to develop 

COVID-19-specific scoring systems to assist with triage and mortality prediction, with newly 

developed scoring systems performing better than adapted existing scoring systems [20]. 

Lymphocyte count and D-dimer testing were among the most informative parameters to 

predict mortality in COVID-19 patients [20]. Since then, several studies have leveraged high-

content omics assays to identify biological signatures that differentiate patients with mild 

(non-hospitalised), moderate (hospitalised but non-ICU), and severe (hospitalised and ICU) 

COVID-19, such as virus-specific antibody levels [21], dysregulated pro-inflammatory 

immune signalling networks [22], dysregulated myeloid cells [23–25], and inflammation 

[26,27]. As such, integration of high-content omics technologies to derive predictive models 

of COVID-19 severity is a promising strategy for the identification of actionable 

pathophysiological mechanisms to identify patients at risk for severe COVID-19 and the 

development of novel therapeutic strategies. 

 

Importantly, reverse translational research during the COVID-19 pandemic has been 

stimulated, for instance, by the changing clinical practice of treating patients with severe 

COVID-19 pneumonia with high-flow nasal oxygen (HFNO). This mode of support has 

delayed—and in some patients avoided—the need for endotracheal intubation. As a result, 

the widespread use of HFNO for COVID-19 patients has prompted a re-evaluation of the 

Berlin Definition of the acute respiratory distress syndrome (ARDS), as discussed in a recent 
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article and paved the way to additional physiological and experimental research to define 

new ARDS endotypes, defined by specific pathophysiological mechanisms [28,29]. In turn, 

this initiative has led to the formation of a global consensus conference to expand the Berlin 

Definition of ARDS. 

 

In addition, several major clinical trials have been carried out by the NIH to test new 

therapies, including anticoagulation strategies and monoclonal antibody treatment [30,31]. 

These trials have led to new biological studies on how plasma biomarkers can be used for 

pathogenesis and prognosis. These biomarkers include traditional measures of inflammation 

such as IL-6 and IL-8, endothelial injury such as angiopoietin-2, and alveolar epithelial injury 

such as RAGE. These studies also demonstrate the novel benefit of quantitative assays of 

the SARS-CoV-2 antigen (Quanterix assay), as well as measures for neutralising antibodies 

against SARS-CoV-2 at the time of hospitalisation to help guide the use of monoclonal 

antibody therapy [32]. 

  

However, the sheer volume and pace of COVID-19-related preprints and fast dissemination 

of peer-reviewed publications [33,34], together with questionable clinical trial findings [35–

37], has highlighted that reliable clinical and research practice is imperative, especially in 

pandemic times. Key to improving translational research is to have an efficient system for 

obtaining biological samples, which includes trained personnel and laboratory infrastructure 

[35]. In the context of COVID-19, this would be samples for protein measurements and RNA 

sequencing at the time of and during hospitalisation, and during out-patient follow-up, if 

possible, for up to 28 and 90 days, as is being done in the ACTIV-3 NIH trials on monoclonal 

antibodies. These samples need to be linked with detailed clinical data for each enrolled 
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patient. In addition, this pandemic has highlighted that to safeguard the quality of 

translational research sufficiently statistically powered research should be conducted in 

well-defined patient categories, and preferably coordinated across multiple centres 

[35,38,39]. However, conducting large scale multi-centre research remains challenging in 

the current academic setting, but core protocols developed by for instance the World 

Health Organization could provide solution [38]. Lastly, notwithstanding unforeseen 

institutional shutdowns, researchers might want to start including alternative recruitment 

protocols to mitigate potential unforeseen events. 

3.  Developing key areas in ICU research 

3.1. Data Science and Rapid Response Team to prevent ICU admission 

 

Over the past two decades, data science has emerged as an active medical research field 

that has seen the development of innumerable artificial intelligence (AI) algorithms for 

predicting a variety of clinical outcomes at the individual level and assisting in medical 

decision-making in the ICU [40,41]. 

Prior to the COVID-19 pandemic, predictive algorithms were mainly used in critical care to 

predict ICU complications or mortality [42,43]. The COVID-19 pandemic has imposed an 

unprecedented strain on healthcare systems, with the most critical identified bottleneck 

being ICU admission. Since the beginning of the pandemic, many AI algorithms were 

developed to predict a variety of novel outcomes, including clinical deterioration of 

hospitalised patients that may require acute intervention (from rapid response teams, see 

below) and ultimately result in ICU transfer [44]. While preventing the future need for ICU 
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admission is certainly helpful to proactively manage workflow and resources, using data and 

AI to help prevent ICU admission would be even more significant. In order to achieve this 

goal, AI algorithms would be required very early over the course of the infection to: i) help 

diagnose the disease at its very early stage by predicting those with a high risk of being 

infected and should get tested; ii) predict those likely to deteriorate and should thus be 

hospitalised and closely monitored for early signs of deteriorations; iii) predict those likely 

to benefit from early treatment such as steroids or immunomodulatory therapies in order to 

avoid ICU admission.  

Although data science and AI are associated with unprecedented opportunities in terms of 

improving healthcare workflow and ultimately patient care, there remain many roadblocks. 

First, to be able to predict and even more to prevent ICU admission, one needs to have 

access to a wealth of quality data prior to ICU admission. Although ICU data are becoming 

increasingly more structured, this is still not the case for pre-ICU biomedical data [45]. 

Second, data used to develop AI algorithms may differ from data that are collected during 

routine-care activities. Furthermore, data scientists usually pre-process data before using 

them to train an algorithm. This data-cleaning process, though useful for algorithm-training 

purposes, may be problematic when it comes to implementing algorithm indecision support 

systems for clinical practice. Thus, it is necessary to close the research-to-practice gap to 

create a virtuous cycle from basic data science to clinical practice and back again. Third, 

clinical AI algorithms have been shown to lack external validity [46], meaning that predictive 

performance is proven to decay when the algorithm is used in settings that are not exactly 

similar to the ones used for training. Finally, there is currently a lack of guidelines as to how 

AI algorithm performance should be monitored over time, as well as when they should be 

updated or recalibrated based on dynamic datasets that grow as the amount of data 
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increases. These challenges are large yet critical to overcome for leveraging the power of 

data and AI to help clinicians in critical situations, such those encountered during the 

COVID-19 pandemic [47]. 

 

Another tool that has been largely used during the first waves of this pandemic to prevent 

decompensation in hospitalised patients are rapid response teams (RRTs), which are now 

prevalent in 85% of hospitals in Australia or New Zealand [48]. The perceived benefits of 

RRTs have varied, but it is accepted that they reduce out-of-ICU cardiac arrests [49] and 

improve hospital mortality, as shown in a meta-analysis [50]. It has been recommended to 

move from intermittent vital-sign checks of hospitalised patients to continuous monitoring 

has been recommended, but the lack of a highly sensitive and specific early warning system 

(EWS) may temper its benefit [51]. This lack of specificity is illustrated by the majority of RRT 

calls resulting in no intervention and only 30% requiring ICU transfer [52]. In addition to 

wasting staff resources, this high false-positive rate could contribute to alarm fatigue [53]. 

Application of a continuous EWS has demonstrated a reduction in mortality and length-of-

stay for a subgroup of patients, although it resulted in increased RRT alerts and required 

increased RRT staffing [54]. The COVID-19 pandemic-induced staffing shortages may be 

inhibiting the expansion of current EWSs [55]. AI has shown the potential to improve the 

detection of deterioration while reducing RRT alerts when retrospectively applied to EWSs 

[56]. As we inevitably move towards continuously monitoring hospitalised patients using 

wearable devices, we will need better systems, including AI, to more efficiently and 

accurately utilise this vast amount of data [57,58]. 

Jo
ur

na
l P

re
-p

ro
of



 

 

3.2. Cognitive dysfunction and long-term outcomes 

Many COVID-19 patients have a good outcome, as they can recover to their status prior to 

SARS-CoV-2 infection, yet 70% complain of at least one remaining symptom [59]. Notably, 

one-third of patients develop dyspnoea at 12 months, and another 30% develop anxiety or 

depression. This so-called “long-COVID” [60] has many similarities with post-intensive care 

syndrome (PICU) [61,62]. Moreover, many ICU patients who survived COVID-19 are 

dependent on chronic life support due to pulmonary fibrosis [63,64], which leaves them in 

need of prolonged mechanical support, home ventilation, or long-term oxygen therapy [65]. 

It should be added that such patients are also at risk of developing long-term functional and 

psycho-cognitive impairments that impact their quality of life [60]. 

 

The pathophysiology of long COVID-19 is not fully understood. The initial severity of COVID-

19 is a risk factor for long-term complications, yet some patients with mild symptoms will 

develop long-term complications [66,67]. A protracted COVID-19-induced inflammatory 

state is one of its mechanisms [60], but direct viral toxicity has also been culpable, notably 

SARS-CoV-2-induced myositis [68]. Finally, post-COVID-19 syndromes are not specific to 

COVID-19 but rather are related to ICU management, such as ICU-acquired paresis from the 

use of neuromuscular blockers or corticosteroids, but also prolonged mechanical ventilation 

and muscular uploading. Long-term psycho-cognitive disorders certainly result from a 

protracted neuro-inflammatory process triggered by early systemic inflammatory response, 

with the latter also considered to be involved in acute central neurological dysfunction, 

including sickness behaviour, encephalopathy, and encephalitis. 
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Implementation of bundles of care such as the ABCDEF bundle [69,70]—dedicated for ICU 

and after-ICU care [71] and composed of six evidence-based elements—has been shown to 

decrease the occurrence of delirium or psychological disorders in general ICU patients. 

Another dedicated quality-improving approach is the early Comfort using Analgesia, minimal 

Sedatives and maximal Humane care (e-CASH) concept aimed to provide comfort and 

patient-centred care without excessive sedation [72]. These bundles are likely to be useful 

for caring for COVID-19 patients in the ICU, even if they have not been specifically assessed 

or extensively applied [73]. With an increased use of midazolam and lack of family 

visitations, the set-back of care regarding sedation and delirium management in the ICU was 

associated with a dramatic increase in the rate of ICU delirium in COVID-19 patients [74]. 

Nevertheless, practices have rapidly changed during the pandemic, and the standards of 

care for ARDS patients before the COVID-19 pandemic are now reconsidered. 

 

COVID-19 promoted innovative approaches such as telemedicine and virtual reality [75]. As 

an example, the out-patient clinics for long-COVID-19 or cognition improvement are 

promising [76,77], as they provide multidisciplinary and personalised care [78,79]. Long-

term symptoms are being evaluated in multicentric studies aiming to recruit 10 000 patients 

(CO-FLOW and PHOSP-COVID) [80,81]. A study on genetic polymorphisms through the 

Human Genetic Effort could also help identify susceptibility genes and introduce 

personalised therapeutics [82]. 

3.3. Ethics and humanisation of care 

The pandemic placed us in unusual situations of overwhelming demands. Considering triage 

appeared to be necessary if not essential and required complex thought processes to 
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provide beyond-simplistic answers [83,84]; they involve understanding quantitative and 

qualitative human and material resources, which are multi-level organisational issues with 

prioritisation matters that cannot be considered from an ICU perspective alone [85,86]. 

They need to be continuously adjusted with flexible approaches while being aware of the 

importance of the political components of these decisions. Currently, an honest and 

unbiased analysis of the answers provided (including their efficiency and acceptability) 

should help define the best decision-making processes and strategies for the future, all 

while involving healthcare users and citizens in the elaboration of these prioritisation 

strategies, which need to be considered acceptable and legitimate by most people. 

 

The COVID-19 pandemic reminded us of the significance of the human factor in the 

management of ICU patients, as the relationship between patients, families, and caregivers 

has been deeply affected [3,87]. Among prevention measures, restrictions on family visits 

could have a significant impact on patient experiences and perceptions, with increased post-

traumatic stress, anxiety, and depression among both patients and relatives [88]. Caregivers 

attempted to deal with these new constraints despite a significant rise in their own 

workload and a generally stressful situation [87]. Today, it seems essential to develop new 

relational strategies between family, relatives, and caregivers, such as ensuring that 

relatives are physically present in end-of-life situations; using hologram or android robot 

technology to visually or even physically substitute for the patient’s relatives [89]; proposing 

a psychologist’s support for families using distant communication tools and a post-ICU 

follow-up; offering a written report of the ICU stay such as a diary; and developing 

communication training for caregivers by regularly practicing during simulated sessions. 
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Ethical issues have been a central concern of all people involved. The pandemic improved 

the public’s awareness of ICU issues, as well as ICU healthcare professionals’ awareness of 

the citizens’ concerns. Healthcare user (patients, relatives, and citizens) empowerment must 

now be encouraged to legitimise the decision-making processes and to promote patient and 

relative-reported outcomes and experience measures [90]. This will also require, from both 

healthcare workers and users, to balance the perceived need to “do or prescribe 

something” (as prescribing no medications could lead to a perception of therapeutic 

helplessness) and the vital resistance against non-evidence-based treatments, even when 

insistently requested [91,92]. 

 

 

The incredible development of research during this crisis must benefit the development of 

research in ethics: multidisciplinary research involving diverse experts and both quantitative 

and qualitative methodologies must be encouraged via dedicated funding to measure and 

improve the quality of care in an evidence-based manner [93]. 

 

4. Urgent challenges in the management of critical care research in resource-poor 

settings  

 

Only a small portion of biomedical investigations originates in low- and middle-income 

countries (LMICs) [94], and this gap is a likely even bigger in the area of critical care [95]. To 

date, infectious diseases that can lead to critical illness, such as malaria and melioidosis, 

have been the most successful areas of research in LMICs. There is a clear sense of urgency 
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but also great ambiguity about what should be researched. Quality improvement in 

resource-limited ICUs has always been largely unexplored, and this is especially needed now 

in the context of the massive increase in patients that is putting hospitals and ICUs under 

great pressure and the multiple makeshift ICUs that are starting to cope with case surges. 

Next, specific research questions could be more prominent in LMICs than in high-income 

countries (HICs) but deciding whether equipoise exists for testing certain interventions in 

settings of high versus low resources is challenging. For example, there could be a much 

greater need for research on how to use oxygen most economically—given the severe 

oxygen shortages that many LMICs currently face [96]—than for the development of 

“emergency” ventilators, since a skilled workforce to operate them remains very limited 

[97]. And there are many more challenges [98]. Research staff in resource-limited hospitals 

often cannot spare even the short-term investment required to contribute to “simple” 

observational studies, and multi-centre trials are significantly more expensive to perform 

because “standard” clinical data are often not available at these sites. In addition, ethical 

considerations are complex, as all participants at resource-limited sites must be considered 

potentially “vulnerable” due to the at times extreme need and lack of health care––this also 

includes the relationships between researchers from LMICs and HICs, with unequal power 

dynamics and a realistic risk for abuse. Last, but not least, research always has two 

competing goals—developing local researchers lacking prior training and producing best-

quality research. 

 

However, there is important heterogeneity in both research needs and means among LMICs 

[99], and LMICs are relevant not only to answer "specific questions" but rather to contribute 

with crucial questions in the critical care field for the whole world. Examples of groups that 
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created an infrastructure for global epidemiologic data before the COVID-19 pandemic 

include the “International Severe Acute Respiratory and Emerging Infection Consortium” 

(ISARIC) [100], the “Global Intensive Care Working Group” of the European Society of 

Intensive Care Medicine [98], the “Critical Care ASIA” of the Mahidol Oxford Research Unit 

in Bangkok, Thailand [101], the “Human Resources for Health” program in Rwanda [102], 

the “CERTAIN: Checklist for Early Recognition and Treatment of Acute IllNess” [103], and 

“Vital Signs Directed Therapy” [104]. There are also large funding bodies such as the 

Wellcome Trust that support several efforts, but clearly additional funds are needed. During 

the COVID-19 pandemic, major publications from LMICs were important to better 

understand the pandemic epidemiology or COVID-19 treatment options, and LMICs actively 

participated in many of the international platform trials. Since the worldwide outbreak of 

COVID-19, there have been multiple initiatives, such as the “LMIC taskforce” [105], the 

COVID-19 Clinical Research Coalition [106], the “Every Breath Counts coalition” [107], the 

Asian Critical Care Clinical Trial Group [59] or the Brazilian Research in Intensive Care and 

COVID-19 Coalition networks [108,109]. 

 

Collaboration of researchers from established groups in HICs with researchers in LMICs has 

proven to be good model, at least if equal and reciprocal relations are guaranteed. The 

“Findability, Accessibility, Interoperability, and Reusability” (FAIR) guiding principles for data 

should be executed to enable the equitable use and reuse of data [110]. Hospitals and their 

healthcare professionals can easily become overloaded with their clinical duties, especially 

in the current wave of COVID-19 patients, leaving insufficient room for research. Finally, 

priority settings and governance regarding financial resources for research will remain 
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extremely important, and local institutions and their institutional review boards should help 

create an environment for research benefiting the local population. 

 

High-quality research takes time, but there are countless examples of it being possible even 

during a pandemic. Instead of spending precious time and resources on multiple 

investigations, it could be wise to consolidate the best efforts, supported by international 

collaborations, to focus on pragmatic research that would meet the priorities of LMICs and 

best serve to narrow the practice gap of evidence. 

Conclusion 

 

While the COVID-19 pandemic has challenged clinical and research organisations worldwide, 

multiple examples of projects or consortia, from governmental or non-governmental origins, 

also outlined promising ways of overcoming research-related issues under extreme strain. In 

many ways, the pandemic has taught us lessons, which should now be incorporated into 

better preparedness and long-term global solutions for future pandemic or mass disaster 

contexts. 

Among other aspects, the availability of transnational clinical and translational research 

organisations and networks that are ready to operate even under major strain is pivotal to 

help therapeutic innovations to emerge. In this context, key areas for future critical care 

research and better pandemic preparedness are artificial intelligence applied to healthcare, 

characterisation of long-term symptoms, and ethical considerations to improve evidence-

based and patient-centred quality of care. Such collaborative research efforts should involve 
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groups from both high and low-to-middle income countries to propose worldwide solutions. 

(Figure 1). 
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Figure 1: Organisational challenges in critical care research during the COVID-19 pandemic and 

opportunities to improve future intensive care unit (ICU) care and research. Created with 

BioRender.com. 
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