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ABSTRACT
Introduction In December 2019, the first cases of 
COVID-19 associated with SARS- CoV-2 viral infection 
were described in Wuhan, Hubei Province, China. Since 
then, it has spread rapidly affecting 188 countries and 
was declared a pandemic by the WHO on 11 March 
2020. Preliminary reports suggest up to 30% of patients 
require intensive care unit (ICU) admission and case 
fatality rate estimate is 2.3%–7.2%. The primary reason 
for ICU admission is hypoxaemic respiratory failure, while 
factors associated with ICU admission include increased 
age, presence of comorbidities and cytokine storm. 
Case series and retrospective trials initially assessed 
proposed treatments with randomised controlled trials now 
reporting early outcomes. We conduct a systematic review 
and meta- analysis to identify epidemiological factors, 
treatments and complications that predict mortality among 
critically ill patients with COVID-19.
Methods and analysis Our comprehensive search 
strategy was developed in consultation with a research 
librarian. We will search electronic databases: Ovid 
Medline, Ovid Embase, Ovid Cumulative Index to 
Nursing and Allied Health Literature (CINAHL) and 
Wiley Cochrane Library. The search strategy combines 
concepts from COVID-19, validated COVID-19 search 
filters and geographical locations of large outbreaks. 
Citation screening, selection, quality assessment and 
data abstraction will be performed in duplicate. Clinically 
homogenous epidemiological characteristics, interventions 
and complications will be pooled in statistical meta- 
analysis. Within the framework of a living systematic 
review, the search and data analysis will be updated every 
6 months.
Ethics and dissemination Our systematic review will 
synthesise literature on risk factors and interventions 
associated with mortality in critically ill patients with 
COVID-19. Results will be presented at national and 
international conferences and submitted for peer- reviewed 
publication. The pooled analysis can provide guidance to 
inform clinical guidelines for care of critically ill patients 
with COVID-19. Iterative updates will be made public 
through open access. Research ethics approval is not 
required.
PROSPERO registration number CRD42020176672.

INTRODUCTION
In December 2019, the first cases of 
COVID-19 associated with SARS- CoV-2 viral 
infection were described in Wuhan, Hubei 
Province, China.1 Initially associated with an 
outbreak of atypical pneumonia from the 
Hunan Seafood Wholesale Market in Wuhan 
city of China, direct human to human spread 
via aerosolisation was confirmed shortly after 
the initial outbreak.2–4 Since then, the disease 
has spread rapidly worldwide affecting 188 
countries, and was declared a pandemic by 
the WHO on 11 March 2020.5 It is associ-
ated with high rates of hospitalisation, with 
estimates suggesting 5%–30% of patients are 
admitted to an intensive care unit (ICU).6 7 
As of 25 October 2020, the WHO reports that 
over 43 million people have been infected 
and over 1.1 million have died of COVID-19.8

The rapid spread of COVID-19 cases 
has created significant burden for health-
care systems across the world.9–11 Rapid 

Strengths and imitations of this study

 ► This systematic review protocol follows the Preferred 
Reporting Items for Systematic Review and Meta- 
Analysis Protocols guidelines conducting a rigorous 
risk of bias assessment.

 ► This systematic review synthesises patient data 
from a variety of time points in the pandemic (ear-
ly retrospective data, emerging prospective cohort 
studies and randomised controlled trials) and from a 
large number of centres worldwide, providing clar-
ity for a topic with a large volume of noise in the 
literature.

 ► Non- English electronic databases will not be 
searched, potentially leading to language bias in this 
study.

 ► There is the potential for inclusion of low and incon-
sistent quality data from small, limited early studies 
due to the rapid nature of the spread and the high 
acuity of the COVID-19 pandemic.
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progression of early cases in Wuhan, China resulted in 
insufficient resources for critically ill patients with COVID-
19, delaying time to initiation of mechanical ventilation.12 
Multiple countries have developed allocation protocols 
for the distribution of limited intensive care resources.13 
As the number of critically ill patients with COVID-19 
increases, the number and organisation of available ICU 
beds become essential to effective patient care.14 Globally, 
the disease has led to closure of borders and implementa-
tion of strict social and physical distancing.15–17 Economi-
cally, COVID-19 has had a major impact on several aspects 
of the worldwide economy including agriculture, petro-
leum and oil, manufacturing and finance.18

Within the reported critically ill COVID-19 data, there 
is substantial variation in population characteristics, 
duration of follow- up and interventions assessed across 
studies due to differences in design, case- mix and data 
quality.19 20 Preliminary epidemiological data, reports and 
retrospective observational data suggest a COVID-19 case 
fatality rate ranging from 2.3% to 7.2%.13 21 22 The leading 
cause of mortality is acute respiratory distress syndrome 
(ARDS).23 Factors associated with critical illness and 
admission to ICU include increased age, presence of 
comorbidities, lymphopenia and elevated Lactate Dehy-
drogenase (LDH), D- dimer and ferritin concerning for 
cytokine storm.24–28

Multiple treatment modalities have been proposed 
including hydroxychloroquine, dexamethasone, azithro-
mycin, multiple antiviral and retroviral agents as well as 
blood purification techniques.29–33 As of the publication 
of this protocol, there are over 1300 prospective obser-
vational and randomised controlled trials registered in 
clinical trials databases targeting critically ill patients 
with COVID-19.34–37 As prospective and randomised data 
becomes available, synthesis of intervention outcomes 
across different populations will be essential for the devel-
opment of high- quality evidence for treatment and care 
of these patients.

We previously conducted a rapid review of the literature 
on critically ill patients with COVID-19 approximately 
4 months after the first cases were reported.38 Limited to 
small case series, retrospective observational studies and 
small prospective cohort studies, our review found that 
increased mortality is associated with acute kidney injury, 
acute cardiac injury and the presence of shock. These 
data serve as an initial perspective on factors affecting 
mortality in critically ill patients with COVID-19 and the 
treatment strategies being used.31 39

We will conduct a systematic review and meta- analysis to 
identify risk factors, epidemiological characteristics, treat-
ments and complications that predict mortality among 
patients with COVID-19 admitted to ICUs (hereby defined 
as critically ill patients with COVID-19). This will address 
ongoing research into therapies such as antiviral agents 
and glucocorticoids while allowing time for data synthesis 
from the first wave to be completed. The ongoing devel-
opment and publication of prospective and randomised 
data will serve as a robust dataset from which synthesis 

and meta- analysis will provide stronger recommendations 
for ongoing care and management of critically ill patients 
with COVID-19.

METHODS
Patient and public involvement
No patient or public will be involved in this systematic 
review and meta- analysis.

Study design
A systematic review will be performed using guide-
lines from The Cochrane Collaboration and Center for 
reviews, and disseminated and described according to 
Preferred Reporting Items for Systematic Reviews and 
Meta- Analyses Protocol guidelines https:// syst emat icre 
view sjournal. biomedcentral. com/ articles/ 10. 1186/ 
2046- 4053- 4- 1.

Study registration
This systematic review is registered with PROSPERO 
(CRD42020176672) (2 April 2020).

Data source and search methods
The search strategy will be developed and performed in 
consultation with a research librarian and peer reviewed 
with a second research librarian. We will search electronic 
databases: Ovid Medline (1946–), Ovid Embase (1988–), 
CINAHL (1937-) and Wiley Cochrane Library (incep-
tion–). Additional search sources will include the trial 
registry platforms (ie,  ClinicalTrials. gov), Google Scholar 
and preprint literature databases (ResearchSquare,  
Preprints. org, MedRxiv, bioRxiv and EPPI- Centre) as 
data on COVID-19 is rapidly being published. The table 
of contents of journals frequently publishing COVID-19 
data, as well as reference lists will be reviewed. The 
search strategy combines concepts from COVID-19 
(ie, SARS- CoV-2, COVID-19, coronavirus, 2019nCoV), 
geographic locations of large outbreaks (Wuhan, Hubei, 
Huanan, Italy, Washington, Seattle, London, Sao Paolo 
and New York) and critical care (ie, ICU, intensive care, 
critical care, mechanical ventilator, ARDS, extracorpo-
real membrane oxygenation, ECMO). A validated search 
filter for COVID-19 from the Center for Disease Control 
and Prevention will be incorporated (https://www. cdc. 
gov/ library/ researchguides/ 2019novelcoronavirus/ 
pubmedsearchalert. html). An earlier search strategy was 
validated across a subset of relevant articles and used for a 
COVID-19 rapid review performed by this group.38 It will 
be used as the basis for our search strategy in this review. 
See online supplemental table 1 for the Ovid Medline 
search strategy.

Study selection
Eligible articles will be identified through two phases. In 
the first phase, two authors will independently review the 
titles and abstracts of all retrieved articles and documents 
using Covidence systematic review software (Veritas 
Health Innovation, Melbourne, Australia) for potential 

https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/2046-4053-4-1
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https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/2046-4053-4-1
https://www.cdc.gov/library/researchguides/2019novelcoronavirus/pubmedsearchalert.html
https://www.cdc.gov/library/researchguides/2019novelcoronavirus/pubmedsearchalert.html
https://www.cdc.gov/library/researchguides/2019novelcoronavirus/pubmedsearchalert.html
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inclusion. Disagreements will be resolved through discus-
sion or adjudication by a third author. Full texts of 
selected articles will be reviewed by the same two authors 
independently and reviewed for eligibility using stan-
dard, predefined criteria. Disagreements will be resolved 
through discussion with a third author.

Eligibility criteria
Studies will be included if they present primary clinical 
data including outcomes of critically ill patients with 
laboratory- confirmed COVID-19 undergoing interven-
tion or receiving treatment for COVID-19. Prospec-
tive observational and randomised control trials will be 
included. Paediatric studies and patients under the age 
of 18 will be excluded. We will exclude systematic reviews, 
secondary analyses of previously published data, narrative 
reviews, editorials and case reports. Descriptive studies 
without outcomes will be excluded.

Outcome measures
The primary outcome will be the case fatality rate 
among critically ill patients with COVID-19. This will be 
further broken down into ICU- specific mortality, in- hos-
pital mortality, 28- day mortality and 90- day mortality. 
Where available, deaths per 1000 ICU admissions will be 
collected. Mortality outcomes will be stratified by Acute 
Physiologic Assessment and Chronic Health Evaluation 
II score, the Sequential Organ Failure Assessment score 
and critical care interventions (high- flow nasal oxygen, 
non- invasive mechanical ventilation, invasive mechan-
ical ventilation, ECMO and renal replacement therapy). 
Secondary outcomes include duration of mechanical 
ventilation, duration of stay in the ICU, discharge desti-
nation and functional status (characterised by patient- 
reported function, that is, health- related quality of life) 
at time of discharge. Primary and secondary outcomes 
will be assessed as a function of care processes including 
advanced ventilator modalities (eg, airway pressure 
release ventilation), proning, use of muscle relaxants 
and inhaled pulmonary vasodilators as well as COVID-19 
specific treatments including antibiotics, antivirals and 
immunomodulatory agents (ie, anti- interleukin 6 (anti- 
IL6) agents, glucocorticoids).

Data extraction
A structured data extraction tool will be developed 
and piloted to extract study- specific data. Data will be 
extracted independently by two authors. Data abstracted 
will include publication details, study design, centre/
treatment hospital, study period, patient epidemiological 
characteristics, clinical presentation at time of ICU admis-
sion, COVID-19 specific treatments, ICU interventions, 
complications occurring and outcomes. Disagreements 
will be resolved through discussion or adjudication by a 
third author. The authors of the retrieved studies and/
or documents will be contacted for further information if 
necessary. If two studies use patients from the same time 

period and centre/treatment hospital, the authors will be 
contacted to assess for potential patient overlap.

Risk-of-bias assessment
Study methodological quality will be independently rated 
by two authors using the Newcastle Ottawa Scale for 
observational studies and the Cochrane Collaboration’s 
tool for randomised controlled trials.40 41 Preprint studies 
will be excluded until publication in a peer- reviewed 
journal. The strength of outcome measures derived from 
each study will be evaluated using the Grading of Recom-
mendations, Assessment, Development and Evaluations 
system ( clinicalevidence. bmj. com/ x/ set/ static/ ebm/ 
learn/ 665072. html) and the Meta- analysis Of Observa-
tional Studies in Epidemiology checklist for meta- analysis 
and systematic reviews of observational studies.42

Data analysis
Studies will be evaluated for clinical heterogeneity and, 
where possible, be pooled in statistical meta- analysis. 
Observational data will be pooled together and RCT 
data will be pooled together. Two by two tables will be 
constructed from treatments, epidemiological data and 
complications with outcomes reported in each study. If 
not reported, authors will be contacted for the data and 
this will be used calculate missing statistical parameters 
from reported values. If adjusted and unadjusted results 
are presented in the studies, unadjusted data will pref-
erentially be used for meta- analysis. Where results are 
reported as risk ratios and it is not possible to construct 2×2 
tables from the available data, they will not be included in 
the statistical meta- analysis. If sufficient data are available, 
subgroup analysis including separating data by continent, 
age (patients<65 and>65), those undergoing mechanical 
ventilation and ECMO will be completed. For epidemio-
logical factors, biochemical parameters (ie, D- Dimer, C 
reactive protein, B- natriuretic peptide, IL-6 level, ferritin, 
albumin), treatments or complications with four or more 
sufficiently clinically homogenous studies reporting, a 
meta- analysis will be conducted.

We will use a random effects model to pool effect 
sizes for each exposure as it associates with the primary 
outcome. Dichotomous outcomes will be reported as 
pooled risk ratios and 95% CIs based on the DerSimonian- 
Laird random- effect model.43 Continuous outcomes will 
be reported using calculated weighted mean differences 
with their 95% CIs. Using the I2 statistic and χ2 test, we 
will assess heterogeneity among studies. The thresholds 
for interpretation of I2 will be in accordance with the defi-
nitions presented in the Cochrane Handbook for System-
atic Reviews of Interventions.44

ETHICS AND DISSEMINATION
Our systematic review will synthesise literature on risk 
factors and treatments associated with increased mortality 
in critically ill patients with COVID-19. Results will be 
presented at national and international conferences in 



4 Milovanovic L, et al. BMJ Open 2021;11:e042008. doi:10.1136/bmjopen-2020-042008

Open access 

the form of poster or oral presentations. The final manu-
script will be published in a peer- reviewed journal. Iterative 
updates for this living systematic review will be conducted 
every 6 months and will be made public through digital 
channels and open access. The pooled analysis from this 
study can provide guidance to update clinical guidelines 
for the management of critically ill patients with COVID-
19. Research ethics approval is not required.

DISCUSSION
Since its initial outbreak in Wuhan, China in December 
2019, COVID-19 has rapidly spread to over 188 countries 
and has been declared a global pandemic by the WHO.1 5 
A significant proportion of cases require hospitalisation 
and between 5% and 30% of cases require admission 
to an ICU.6 7 In addition to the effect on individuals, 
COVID-19 has had a major impact on the worldwide 
economy, national borders and foreign policy.15 16 18

The initial data from affected patients is limited to case 
reports, small series and retrospective analyses at substan-
tial risk of bias.7 Proposed treatment targets were initially 
based on extrapolated data from SARS and Middle East 
Respiratory Syndrome, as well as observational data from 
small patient data sets.45 46 Observational data and early 
systematic reviews using non- randomised data suggest 
that male sex, increasing age and presence of comor-
bidities are epidemiological risk factors for mortality in 
patients admitted to ICU.38 47 48 Intensive care complica-
tions associated with increased mortality include acute 
kidney injury, ARDS, acute cardiac injury and shock.38 47

There are several potential COVID-19 treatments 
currently being evaluated in a randomised fashion 
including anti- IL6 therapy (tociluzmab), antiviral therapy 
(remdesivir) and ICU specific therapies such as awake 
proning, prone ventilation and ECMO.39 49 50 Synthesis of 
these interventions and outcomes across different popula-
tions and regions are essential for development of robust 
and up to date evidence- based guidelines for treatment 
of these patients. The presence of large, multinational 
platform trials including a randomised, embedded, multi-
factorial, adaptive platform trial for community- acquired 
pneumonia, SOLIDARITY (an international randomised 
controlled trial to evaluate non- licensed COVID-19 treat-
ments in addition to standard of care), and COVID-19 
ring- based prevention trial with combination lopinavir 
ritonavir will allow for comparisons of both COVID-19 
specific and intensive care- based treatments for this 
disease.51–53 This systematic review will use these platform 
trials to synthesise data and evaluate outcomes across 
multiple patient populations and geographical locations.

Limitations and strengths
There are several limitations to this systematic review 
and the data available. The first major limitation is the 
presence of early, small clinical trials developed during 
a rapidly changing clinical situation and evolving obser-
vational data. Many of these do not include recently 

observed complications including venous thromboem-
bolic disease and Kawasaki- like syndrome in children.54 55 
The development of clinical trials and prospective obser-
vational datasets has been limited by the rapidity of onset 
of COVID-19 and the resultant strain on the healthcare 
system, and the design of these studies has been tailored 
to maximise broad utilisation of potentially effective treat-
ments. As of the publication of this article, over 31 million 
cases of COVID-19 are closed.56 The large number of 
resolved cases for which limited data were collected 
will significantly limit the generalisability of future data 
collection and will increase heterogeneity of the dataset.

Strengths of this review are the ability to aggregate 
studies from a large number of centres with diverse 
patient populations during a finite time interval with 
similar critical care resources. The presence of multiple 
areas (Wuhan, Italy, New York, Sao Paolo, UK) with large 
clusters of cases will allow for increased generalisability of 
pooled data relative to individual population assessments.
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