
 

Alternatives to Invasive Mechanical Ventilation for 
Acute Respiratory Distress Syndrome due to Viral 
Pneumonia: Systematic Review and Meta-analysis 

 
Principal Investigator 
Name: Yenny Rocio Cardenas  
Email: yr.cardenas@uniandes.edu.co  
Telephone: 30021855 
Intensive care physician 
University Hospital Fundación Santa Fe de 
Bogotá 
 
Thematic Reviewer 
Name: Sergio Prieto 
Email: sieg948@gmail.com 
Telephone: 3123214083791 
Rural Researcher in Intensive Care Unit  
University Hospital Fundación Santa Fe de      
Bogotá 
 
Collaborator 
Name: Jairo Alejandro Gaitán Alfonso 
Email: ja.gaitan@uniandes.edu.co 
Telephone: 3184470809 
Undergraduate medical student 
Los Andes University 
Collaborator 

Name: Daniela Abondano  
Email: d.abondano10@uniandes.edu.co 
Telephone: 3174049961 
Last year medical student  
Los Andes University 
 
Collaborator 
Fredy Leonardo Carreño Hernandez 
Email: fl.carreno10@uniandes.edu.co 
Telephone: 3162478280 

   Epidemiology Master Student 
   Los Andes University 
 

 
 
 
 
 
 
 
 

 
Table of contents 
 

1. Abstract ……………………………………………………………………….pg 2 
2. Justification …………………………………………………………………...pg 2 
3. Research question ………………………………………………………….. pg 4 
4. Theoretical Framework …………………………………………………….. pg 5 
5. Objectives ……………………………………………………………………...pg 6 
6. Methodology …………………………………………………………………..pg 7 
7. Expected results ……………………………….……………………………. pg 14 
8. Presentation of findings………………………………………………….…pg 15 
9. Researchers statement ……………………………………………………..pg 15 
10. Ethical considerations………………………………………………………..pg 15 
11. Formation and trajectory of the Research Group ……………………....pg 15 
12. Special thanks………………………………………………………………...pg 16 
13. Bibliography ………………………………………………………………......pg 16 

mailto:sieg948@gmail.com
mailto:ja.gaitan@uniandes.edu.co
mailto:d.abondano10@uniandes.edu.co
mailto:fl.carreno10@uniandes.edu.co


 

1. ABSTRACT 

Introduction: SARS-CoV2 is a viral infection whose main pathology is COVID-19, a            
viral pneumonia with a mortality rate between 1% and 5%. Initially identified in the city of                
Wuhan, China in December of 2019, it quickly turned into a pandemic in February of               
2020. Therefore, one of the greatest challenges presented in all countries worldwide,            
was the high demand for artificial ventilators due to the acute respiratory distress             
syndrome (ARDS) produced by this pathogen. However, there was a shortage of these             
medical equipment which further complicated the pandemic.  

Methods: In this work, a systematic review of the literature will be carried out to               
determine the efficacy and safety of high-flow cannulae, continuous positive pressure,           
non-invasive mechanical ventilation by face mask, low-cost ventilators and ventilator          
spacers compared with conventional invasive mechanical ventilation treatment for the          
management of ARDS due to viral pneumonia. A systematic search of the literature will              
be carried out without date restrictions, focused on pandemics and epidemics caused            
by respiratory viruses such as SARS, H1N1, MERS and COVID-19, in the following             
databases: Medline, Embase, Cochrane Controlled Registered Trials (CENTRAL ) and          
Scielo. The gray literature will include open source codes, ongoing clinical trials, official             
reports on low-cost ventilators and ventilator splitters. Randomized clinical trials and           
non-randomized studies (cohort and cases and controls) will be included. 

Results: We hope to identify at least 2 published randomized clinical trials per 
ventilatory alternative and one ongoing clinical trial for low-cost ventilators and ventilator 
splitters. Also, we hope to identify that patients with the highest blood pressure oxygen / 
inspired oxygen fraction (PaO2 / FiO2) ratios are those who will  benefit the most from 
these alternatives. 
 
2. JUSTIFICATION 
 
At the end of December 2019, the SARS-CoV2 virus which belongs to the βeta coronavirus               
family, was identified in the city of Wuhan, China. In this group, there are other coronaviruses                
that have emerged in the last 20 years, such as SARS between 2002 and 2003 and the Middle                  
East Respiratory Syndrome (MERS) in 2012 (1). The main pathology caused by SARS-CoV2 is              
a viral pneumonia called COVID-19. This pathology has taken a great importance worldwide as              
it can cause acute respiratory failure that seriously compromises human body functioning and             
can lead to death. By taking this into account, on March 11, 2020, the WHO established                
COVID-19 as a pandemic. Since then and to this day it has spread rapidly to multiple countries.                 
According to the latest WHO situation report, on May 12, 2020, 4,088,848 confirmed cases and               
283,153 deaths were reported worldwide, which represents a fatality rate of 6.9% (2). Although              



 

global data provides an estimate of the current situation, the distribution of cases and mortality               
varies considerably between different countries and regions. An example is the United States,             
Spain and Italy, which are currently the most affected countries, as they present the highest               
number of confirmed cases and the highest number of deaths with 78,652, 26,744 and 30,739               
deaths respectively (2). 
 
One of the greatest difficulties in controlling this pathology is the speed of its dissemination and                
transmission in the population. COVID-19 has a basic reproductive number (R0) that ranges             
between 1.5 and 3.5. This means that, on average, an infected person will affect 1.5 to 3.5                 
people with whom they have contact (3-4). Taking this value into account is important because it                
allows us to know how the virus will behave in the population and, with the current results, it is                   
most likely that the number of infected will continue to increase exponentially. Due to the               
foregoing, it is important to carry out early containment measures to avoid the saturation of               
health systems as much as possible, since one of the main causes of mortality is the inability to                  
respond that can be generated due to an overload and depletion of available resources (5).  
 
According to a study by the Chinese Center for Disease Control and Prevention, in which               
44,500 confirmed cases were studied, the severity of the disease is classified as moderate,              
severe and critical, with a frequency of 81%, 14% and 5% of the cases respectively. This occurs                 
dynamically in infected individuals, since those who initially had moderate manifestations can            
progress to critical ones in an average time of one week (6). Of those infected, about 20% will                  
require hospital management. Of the hospitalized patients, 25% will require ICU management,            
which represents 5 to 8% of all infected (7-8). One of the major complications of critical illness is                  
the onset of acute respiratory distress syndrome (ARDS) which can lead to rapid respiratory              
deterioration and death of those infected. This is important, since between 42 and 100% of the                
patients who develop this complication will require mechanical ventilation (9-10). Taking into            
account the above, if there's an excessive increase in cases, as is currently being reported in                
some countries, the number of people who will need the use of mechanical ventilation will               
exceed the capacity and availability of equipment in health care centers.  
 
The situation mentioned above has generated an international need to take economic and             
administrative measures to face this pandemic. Some of the measures taken have been to              
increase ICU beds numbers by adapting places that previously served other purposes. Despite             
these efforts, most countries do not have the necessary inputs and tools to face this pandemic.                
One of the most important examples is the shortage of ventilators, which are essential for the                
management of patients with critical illness as we have mentioned. In fact, according to a study                
conducted at the John Hopkins Hospital Health Security Center, an estimated 160,000            
ventilators are available in the United States, 580,000 fewer than are needed to adequately              
manage the pandemic (11). Due to the above, it has become necessary to use other strategies                
to face the shortage of ventilators in the world.  
 
 



 

3. RESEARCH QUESTION 
 
What is the efficacy and safety of alternative ventilation strategies compared to conventional             
invasive mechanical ventilation for the treatment of patients with ARDS due to viral pneumonia? 
 
PICO Strategy 
 

● Population 
Patients with SARS-CoV2, SARS, MERS or H1N1, diagnosed by serological or           
molecular tests, without specifying the manufacturer of the tests, and with oxygen            
requirement given by an ARDS of viral origin and a PaO2/FiO2 less than 300               
mmHg 

 
● Interventions 

o High-flow nasal cannulas: continuous flow equal to or greater than 20 ml / min              
and that the research team specify the temperature and the humidification of the             
oxygen dilution. 

o Continuous positive pressure: continuous pressure greater than or equal to 5           
mmHg, by nasal, nasopharyngeal or mask administration and that the research           
team reports on the inspiratory flow rate used. 

o Low-cost ventilators: Mechanical compression of the resuscitation bags and that          
the research team reports the positive pressure at the end of expiration (PEEP),             
the PICO pressure, the rate and the inspiration / expiration ratio used. 

o Ventilation splitters: with or without resistance valves and that the research team            
reports the positive pressure at the end of expiration (PEEP), the PICO pressure,             
the rate and the inspiration / expiration ratio used. 

o Non-invasive mechanical ventilation: either with a mask or helmet and the 
research team to report the positive pressure at the end of expiration (PEEP), the 
PICO pressure, the rate and the inspiration / expiration ratio used. 
 

● Comparator 
o Conventional invasive mechanical ventilation: The research team should report         

the positive end expiratory pressure (PEEP), the PICO pressure, the rate and the             
inspiration / expiration ratio used. 

 
● Main outcome:  

o All-cause mortality: patient who dies from any cause in the intensive care unit             
(Dichotomous variable) 

 
● Secondary outcomes:  

o Days of stay in ICU: days of stay in intensive care units, ranging from the day of                 
admission to the day of transfer (continuous variable) 



 

o Arterial blood gases in the first 24 hours 
o Arterial partial pressure of oxygen (PaO2): amount of oxygen dissolved in blood            

in millimeters of mercury and not bound to hemoglobin (continuous variable) 
o Fraction of inspired oxygen (FiO2): fraction of oxygen that the patient inspires            

(continuous variable) 
o PaO2/FiO2 : relationship between arterial oxygen pressure and inspired fraction          

of oxygen (continuous variable) 
o SOFA: Scale used to determine the possibility of sepsis in a patient (continuous             

variable). 
o APACHEII: Scale used in the intensive care unit to determine the severity of a              

disease in a patient (continuous variable).  
o Barotrauma: Lesion in the alveoli characterized by microvascular hemorrhage         

and that is the product of inadequate pressure management (nominal variable) 
o Nosocomial superinfection: Infection acquired in intensive care unit (nominal         

variable) 
 
4. THEORETICAL FRAMEWORK 
 
SARS-CoV2 is a new type of coronavirus initially detected in December 2019 in the Hubei               
province, in the city of Wuhan China (12). This virus, like other pathological coronaviruses for               
humans, is part of the beta subfamily of coronaviruses, characterized by four main structural              
genes that encode the nucleocapsid protein, the spike protein, a small membrane protein and              
the membrane glycoprotein with an additional membrane (13-14). On the other hand, this new              
coronavirus has been genetically sequenced, demonstrating an animal and chimeric origin (15).            
In fact, like SARS from 2002, SARS-CoV2 has the ability to bind to ACE2 receptors and is so far                   
the main candidate to explain pathophysiology (16). Given the characteristics of the subfamily to              
which SARS-CoV2 belongs, the main pathology it generates in humans is COVID-19, a viral              
pneumonia.  
 
This viral pneumonia initially presents fever (98%), cough (76%), dyspnea (55%) and myalgia or              
fatigue (44%), although other symptoms such as gastrointestinal ones observed in patients from             
the city of Wuhan (17 ). Similarly, the median time from onset of symptoms to first hospital                 
admission was 7.0 days (IQR 4.0–8.0). On the other hand, radiological findings may not appear               
after 2 days of symptom onset since up to approximately 50% of COVID-19 patients may have                
normal CT scans (18). Therefore, the main diagnostic test is the real time polymerase chain               
reaction (RT-PCR). (19) In addition, the vast majority of COVID-19 cases are mild cases, with               
the possibility to be managed at home. However, some of these cases will evolve in severity                
due to the respiratory distress syndrome that produces COVID-19.  
 
Of the total number of cases of COVID-19, 6.1% of them will be classified as critical cases                 
based on the experience acquired by China in patients who developed ARDS (20). Similarly,              
patients with this pathology present histopathological patterns similar to those acquired by other             



 

infections, such as exudate and polymorphonuclear infiltrate to the alveoli (21-22) as it's seen              
seen in other viruses such as influenza viruses, especially H1N1 (23). It is for this reason that                 
the presence of fluid can lead to hypoxemia and that ICU management is essential to provide                
the ventilation needed as inflammatory response decreases (24). In the same way, it is              
necessary to be able to adjust the necessary and specific ventilators parameters to provide              
adequate oxygenation to the tissues, according to each individual's needs, and avoid a possible              
barotrauma (25). This is due to the fact that the inflammatory response itself leads to the lung                 
being more prone to barotrauma, as we have seen in other pathologies that produce ARDS. In                
conclusion, and despite its limitations, the use of mechanical ventilators is indicated for ARDS              
and the ones secondary to COVID-19 are no exception. However, given the spread and high               
number of critical cases of COVID-19 in the world, mechanical ventilators are in short supply               
and alternatives are necessary.  
 
In 2010, the first article on a low-cost ventilator was published, detailing the design of the                
prototype, as well as its functionality and limitations (26). In addition to this, the use of manual                 
resuscitation bags stands out as the main element to generate positive pressure. Similarly,             
materials made from acrylics ensure that these fans are inexpensive and portable. Finally, this              
prototype was intended in the future to include an inspiration-to-expiration ratio control, a             
pressure relief valve, end-expiratory pressure (PEEP) capabilities, and an LCD display. All of             
this would bring the prototype to a value of $ 420, making it easily accessible. Unfortunately, this                 
prototype was not even tested in computer models. For 2019, another prototype was presented              
in which it was evaluated in an artificial lung, demonstrating basic functions for a patient with                
SARS (27). Despite these results, there are no pre-pandemic studies that show their             
effectiveness in real life scenarios, making it necessary to evaluate them during the COVID-19              
pandemic.  

 
5. OBJECTIVES  

 
General 
 
To determine the efficacy and safety of alternative ventilation strategies compared with            
conventional invasive mechanical ventilation in patients with ARDS of viral pneumonia. 

 
Specific: 
 

● To determine the efficacy of alternative ventilation strategies to conventional mechanical           
ventilation 

 
● To know the safety of alternative ventilation strategies to conventional mechanical           

ventilation 
 
 



 

6. METHODOLOGY 
 

A. Design 
This systematic review will be registered in the international prospective registry of            
PROSPERO systematic reviews, and will be developed following the reporting elements           
for the systematic review and the meta-analysis protocol guide (PRISMA-P) (28).  
 

B. Literature 
 

● Search and selection of indexed literature 
 

We will carry out a systematic search of the literature in different databases including              
Medline, Embase, Web of Science, Cochrane Controlled Registered Trials (CENTRAL) and           
Scielo without date restriction. The search terms and relative variants were as follows: 

 
● Categories, search terms and search strategy 

 
- Disease: "acute respiratory distress syndrome" OR "Critical ill patient" OR "Acute           

respiratory failure" 
- Therapy: AND "High Flow Nasal Cannula" OR “High Flow Nasal Cannula Oxygen” OR             

“HFNO” OR “HFNCO” OR "Continuous Positive Airway Pressure" OR "CPAP" OR ""            
Non-invasive ventilation "OR" Noninvasive ventilation "" OR "Ventilators splitters" OR          
"mechanical ventilation splitters "OR" Low-cost ventilator "OR" automated bag valve          
mask "OR" emergency ventilator "OR" emergency resuscitator ”OR“ Open source          
ventilator ” 

- Pathogen: AND“ COVID-19 ”OR“ SARS ”OR“ SARS-CoV2 ” OR “H1N1” OR “Influenza”            
OR “MERS” OR “Middle East respiratory syndrome” OR “viral pneumonia” 

- Terms to exclude: NOT “Bacterial pneumonia” 
 

● Combination of terms 
 
The following is the combination of terms used for MEDLINE and will be adapted to other                
search engines or databases. 
 
(((((( ((Acute respiratory failure [Text Word])) OR (Critical ill patient [Text Word])) OR (acute              
respiratory distress syndrome [Text Word])) OR (Respiratory Insufficiency [Text Word])) OR           
(Respiratory failure [Text Word])) OR (Respiratory failure [MeSH Terms])) AND (((((((((((((((High           
Flow Nasal Cannula [Text Word]) OR (High Flow Nasal Cannula Oxygen [Text Word])) OR              
(CPAP ventilation [MeSH Terms])) OR (High Flow Nasal Cannula [MeSH Terms])) OR (HFNO             
[Text Word])) OR (HFNCO [Text Word])) OR (Continuous Positive Airway Pressure [Text            
Word])) OR (CPAP [Text Word])) OR (Non-invasive ventilation [Text Word])) OR (Noninvasive            
ventilation [Text Word])) OR (Ventilators splitters [Text Word])) OR (mechanical ventilation           



 

splitters [Text Word])) OR (Low-cost ventilator [Text Word])) OR (automated bag valve mask             
[Text Word])) OR (emergency ventilator [Text Word])) OR (emergency resuscitator [Text Word]            
)) OR (Open source ventilator [Text Word]))) AND ((((((((COVID-19 [Text Word]) OR (SARS             
[Text Word])) OR (SARS-CoV2 [Text Wo rd])) OR (H1N1 [Text Word])) OR (Influenza [Text              
Word])) OR (MERS [Text Word])) OR (Middle East respiratory syndrome [Text Word])) OR (viral              
pneumonia [Text Word ])) OR (Middle East respiratory syndrome [MeSH Terms])) NOT            
(Bacterial pneumonia) 

 
● Gray Literature Search 

We will carry out a gray literature search in the different regulatory agencies of multiple               
Anglo-Saxon or Spanish speaking countries, as well as in databases on registration of clinical              
trials. These agencies are: 

-Food and Drug Administration (FDA) 
-Emergency Department Critical Care (EMCrit) 
-American Association for Respiratory Care (AARC) 
-Clinical Evidence Assessment (ECRI) 
-National Institute of Vigilance for Medicines and Food in Colombia (INVIMA) 
-MedRxiv 
-clinicaltrial.gov 
-Spanish Agency for Medicines and Sanitary Products (AEMPS) 
-the General Direction for Medicine, Supplies and Drugs in Peru (DIGEMID) 
-National Administration for Medicamets, Food and medical Technologies in Argentina (ANMAT) 
-Central Drugs Standard Control Organization in India (CDSCO) 
 
 
 
 

C. Eligibility criteria 

The search for studies will be limited to randomized clinical trials (RCTs) and non-randomized              
studies (NRS) (cohort and case-control) evaluating the effectiveness and safety of the different             
alternative ventilation strategies compared to conventional invasive mechanical ventilation for          
the treatment of patients with ARDS due to viral pneumonia in patients over 18 years old,                
diagnosed with SARS-CoV2, SARS, MERS or H1N1 by serology, molecular or clinical test and              
with respiratory distress syndrome due to a PaO2/FiO2 less than 300 mmHg at the time of                
admission to the ICU. There will be no restrictions for publication date; however, at minimum               
articles must include mortality as an outcome. Alternative intervention strategies should include            
at least one of the following: 

a) High-flow nasal cannulas 



 

b) Continuous positive pressure 

c) Low-cost ventilators 

d) Ventilator separators 

e) Non-invasive mechanical ventilation. 

Articles in languages other than Spanish or English will be excluded and studies of the cited 
references of the selected articles will be included. 

D. Selection of articles  
 

The search results from the different sources will be combined, using a reference management              
software. Duplicate records will be removed. The titles and abstracts of each of the articles will                
be reviewed to eliminate studies that do not meet the inclusion criteria, trying to be inclusive at                 
this stage. This process will be carried out by two reviewers who will work independently. For                
potentially relevant studies, the full texts will be retrieved. Any disagreement will be solved              
through discussion and in the event of not reaching an agreement, it will be referred to a third                  
peer. The screening process for full-text articles will be carried out by two independent              
reviewers. Before starting the screening process, the agreement between the reviewers will be             
measured using the statistical kappa coefficient, applying the inclusion criteria on a sample of              
articles. After measuring the agreement between the reviewers, the study selection process will             
be carried out, verifying that they meet the inclusion criteria. This process will be carried out by                 
two authors who will work independently. The reviewers will discuss the disagreeing studies             
among themselves and will define or not their inclusion. In case of not reaching an agreement                
between them, a third reviewer will define the inclusion or not of the study. In studies where it is                   
not possible to obtain the full text, the researchers will be contacted in order to request the                 
information necessary to carry out the final inclusion process. 
 

E. Data extraction 

Three review authors will independently extract relevant data from each included study. The             
results of the data extraction will be compared and any discrepancies will be resolved through               
discussion and consensus. The following information will be extracted from the studies: study             
population, sample size, methodological characteristics, systematic biases and limitations, as          
well as information on results and outcomes. Additionally, a narrative summary will be included              
detailing those studies that met the eligibility criteria, but were excluded and the reason for this                
exclusion. 

F. Data analysis 
 



 

Initially, the results will be described in a narrative manner and where possible the evidence will                
be pooled in a meta-analysis. As we expect clinical and statistical heterogeneity between             
studies, we will pool direct evidence for each outcome using a random effects model (REM).               
Relative estimates of effects together with 95% confidence intervals will be estimated using the              
relative risk (RR) for binary outcomes, and the mean difference for continuous outcomes. If              
continuous outcomes are reported using different metrics, the standardized mean difference will            
be used. 

 
G. Assessment of heterogeneity 
 

We will assess heterogeneity by estimating the magnitude of the variance between studies and              
using the statistic I2 to quantify the percentage of variability that is due to true differences                
between studies rather than sampling error. We will interpret the I2 using the thresholds              
established by Cochrane (29), and it will be used as a criterion to pool the results and perform                  
the subgroup analyzes. In this regard, the thresholds are: 

● 0% to 40%: heterogeneity may not be important 
● 30% to 60%: may represent moderate heterogeneity 
● 50% to 90%: may represent substantial heterogeneity 
● 75% to 100%: heterogeneity considerable 

If there is a heterogeneity greater than 50%, we will use meta regression to explain it if we have                   
enough data to do so. Otherwise, we will perform subgroup analyzes. We propose 10 a priori                
hypotheses to explain the variability (heterogeneity) between the studies and therefore, as            
possible modifiers of the effect: 

1. The difference in mortality between the selected viruses generates a wide variability. 

2. Patients with mild PaO2 / FiO2 benefit more from the alternatives than those with severe               
PaO2 / FiO2.  

3.  Younger patients benefit more from the alternatives than those with older age. 

4. Patients who received additional therapeutic treatments show greater improvement than          
those who did not receive them.  

5. Patients with smoking habits benefit the least from ventilatory alternatives than           
non-smokers. 

6. Patients with comorbidities benefit the least from ventilatory alternatives than those           
without comorbidities. 



 

7. Patients with a severe APACHE II score on admission will have worse outcomes than              
those with a better APACHE II score. 

8. Patients who have a better ROX index and are using high-flow nasal cannulas will have               
better outcomes than those with poorer ROX index and are using high-flow nasal             
cannulae 

9. Patients receiving non-invasive mechanical ventilation by helmet will have better results           
than those patients who they receive non-invasive mechanical ventilation by mask. 

10. Patients using low-cost ventilators in which positive pressure is generated by           
resuscitation bags will have worse outcomes than those using low-cost ventilators with a             
different mechanism for generating positive pressure. 

 

Also, the following strategies will be implemented to corroborate and study the heterogeneity             
obtained which are suggested by the Cochrane manual for systematic reviews and            
meta-analyzes: 
 

● The database created will be reviewed and the data it contains are those published in               
the corresponding studies. 

● A change will be made in the measurement of dichotomous outcomes. That is, instead of               
quantifying the RR, the odds ratio (OR) will be quantified. 

● It will be preferred to analyze the results with a REM  rather than with a fixed model. 
● An analysis by subgroups will be carried out.  
● A sensitivity analysis will be carried out from the risk of bias per study. 

 
H. Subgroup analysis for heterogeneity study 

The following subgroups were selected based on our clinical experience and the knowledge that              
we have about ARDS due to viral pneumonia. It should be noted that the analysis by subgroups                 
will be used for all the outcomes and for each one of them a REM will be made using the RR for                      
the binary outcomes, and the mean difference for the continuous outcomes. Similarly, there are              
subgroups that will be used for all ventilatory alternatives and subgroups that will be for the                
exclusive use of some ventilatory alternatives. 

● All ventilatory alternatives 

Virus type (MERS, SARS, SARS-CoV2, H1N1) 

PaO2 / FiO2  before ventilation (300-200, 200-100 and <100) 

Age in years (18-30, 30-50, 50 -70,> 70) 



 

Additional treatment (without additional treatment, antiviral, anti-inflammatory) 

Habits (smoker, non-smoker) 

Comorbidities (obesity due to body mass index greater than 25 kg / cm2,             
hypertension, diabetes, asthma, Chronic Obstructive Pulmonary Disease , any         
malignancy) 

APACHEII score on admission (<20 mild, 20-32 moderate,> 32 severe) 

● High-flow cannula 

ROX index for intubation (score> 4.87, score 3.85-4.87, score 2.85-3.84, score           
<2.85) 

● Non-invasive mechanical ventilation 

Interface (helmet, mask) 

● Low-cost ventilators 

Mechanism by which positive pressure is generated (resuscitation bags, other than           
resuscitation bags) 

I. Assessment of risk of bias 
 
Two reviewers will independently assess the risk of bias for studies meeting the inclusion              
criteria. For RCTs, the Cochrane risk of bias tool will be used (30) In this order of ideas, we                    
will evaluate the following 6 items with three categories (low risk of bias, unclear risk of                
bias, high risk of bias): 

● Generation of random sequence: We will evaluate the method used to generate the             
allocation sequence in sufficient detail to allow an assessment of whether it should             
produce comparable groups. We rate high risk if you have selection bias (biased             
allocation to interventions) due to improper generation of a random sequence 

● Concealment or blinding of allocation: We will evaluate the method used to conceal the              
allocation sequence in sufficient detail to determine whether the allocations intervention           
could have been planned before or during enrollment. We rate it as high risk if it exhibits                 
selection bias (biased allocation to interventions) due to inadequate allocation          
concealment prior to allocation. 

● Blinding of participants and staff: We will assess all measures used (if any) to blind study                
participants and staff of knowledge of which intervention a participant received. We rate             
high risk if performance bias is present due to knowledge of the interventions assigned              
by participants and staff during the study. 



 

 
● Blinding of outcome assessment: We will assess all measures used (if any) to blind              

outcome assessors of knowledge of which intervention a participant received. We will            
classify as high risk if it presents detection bias due to the knowledge of the interventions                
assigned by the outcome assessors. 

● Incomplete outcome data: We will assess data integrity for each main outcome, including             
attritions and exclusions from the analysis. We will rate high risk if you have attrition bias                
due to the amount, nature, or handling of incomplete outcome data. 
 

● Selective reporting: We will assess whether the reviewers examined the possibility of            
selective reporting of results and what was found. We rate it as high risk if it has                 
reporting bias due to selective reporting of results. 

Instead, the Newcastle-Ottawa tool will be used to assess the risk of bias in the NRS (31). In                  
this way, we will divide the NRS between cohort and case-control studies, in which we will                
evaluate with three categories. Each category is subdivided into several questions and what we              
evaluate is whether it presents it or not. 

● Cohort 
o Selection 

▪ Representativeness of the exposed cohort (+1 point) 
▪ Selection of the unexposed cohort (+1 point) 
▪ Determination of exposure (+1 point) 
▪ Demonstration that the result of interest was not presented at the           

beginning of the study  (+1 point) 
o Comparability 

▪ Cohort comparability based on design or analysis (+1 point if it is            
comparable with age) (+1 point if other variables were controlled)  

o Outcome 
▪ Outcome evaluation (+1 point) 
▪ Was the follow-up long enough for the results to occur ? (+1 point) 
▪ Adequacy of cohort follow-up (+1 point) 

 

● Case-Control studies  
o Selection 

▪ Is the case definition adequate? (+1 point) 
▪ Representativeness of the cases (+1 point) 
▪ Controls selection (+1 point) 
▪ Controls definition (+1 point) 

o Comparability 
▪ Comparability of cases and controls based on design or analysis (+1 point            

if it is comparable with age) (+1 point  if other variables were controlled) 



 

o Exposition 
▪ Determination of exposure (+1 point) 
▪ Non response rate (+1 point) 

J.  sensitivity analysis 
 

Using the results compiled, analyzing them and assessing individual study biases, two            
reviewers will perform a sensitivity analysis, as stipulated in the Cochrane Handbook for             
Systematic Reviews of Interventions (32). To do this, an analysis will be made between              
studies that had the best quality and another with those of poorer quality, based on the                
biases evaluated. The same analysis of REM by RR will be carried out. 
 

K.  Assessment of the certainty (quality) of the evidence 

To assess the certainty (quality) of the evidence in the effect estimates for each outcome, we                
will follow the GRADE approach (33) making judgments about the risk of five aspects which are:                
risk of bias, inconsistency, imprecision, indirect evidence and publication bias. It should be             
noted that a GRADE assessment of high (++++), medium (+++), low (++) or very low (+)                
certainty will be given for each outcome, all summarized in an evidence table. To assess the                
quality of the evidence from RCTs, the GRADE assessment will start with ++++ and decrease               
according to the assessment of each of the Large domains. In the case of NRS, the GRADE                 
assessment will start at ++ and will increase according to the presence of a large effect size.                 
When there is a dose response gradient, or when all possible confounding factors or other               
biases increase our certainty in the effect estimator. For RCTs, the way we categorize each               
domain is Not Serious, Serious, or Very Serious: 

 

● Risk of bias: this domain will be assessed across all RCTs or NRS that report Findings                
for each outcome. 

● Inconsistency: we will study the I2 and the variability in the results for each outcome. 
● Indirect evidence: We will evaluate the variability of the PICO strategy proposed to each              

study, observing if the selected studies have similar populations, comparators,          
interventions or outcomes. 

● Imprecision: We will use the information of the uncertainty of the effect estimator (95%              
confidence intervals) and the calculation of the optical size of the information (OSI) that              
starts from the optimal sample size according to a specific statistical power. 

● Publication bias: the studies will be summarized in a funnel plot and analyzed with it. 

7. Expected results 
 

We expect to find at least more than 2 randomized clinical trials per ventilatory alternative and a                 
larger number for the COVID-19 pandemic. Similarly, we hope to find no differences between all               



 

ventilatory alternatives and invasive mechanical ventilation, both for the main outcome and for             
the secondary outcomes. Finally, we hope to identify ongoing clinical trials for low-cost             
ventilators and ventilator splitters. 
 

8. Presentation of findings 
 
We plan to publish our results and recommendations in high-impact journals in intensive care              
and pulmonology such as the Journal of Critical Care or The American Journal of Respiratory               
and Critical Care. At the same time, Fredy Leonardo Carreño Hernández would use this study               
as a master's thesis in epidemiology at the Universidad de los Andes. 
 

9. Researchers statement 
 
The Fundación Santa Fe de Bogotá University Hospital and the Los Andes University are              
characterized by always seeking continuous improvement in their investigative processes, as           
well as contributing to the management of critical COVID-19 patients. Similarly, and knowing the              
conflicts of interest that may be generated when making recommendations on the use of one or                
another ventilatory alternative, we inform that none of our members has conflicts of interest with               
manufacturers of medical equipment that develop the equipment studied in this work.  
 

10. Ethical considerations 
 
Considering Law 6 of 1970, which approves the Inter-American Convention on copyright in             
literary, scientific and artistic works, signed in Washington on June 22, 1946, we will give the                
corresponding authorship of the studies compiled to their respective authors and researchers.            
Similarly, we assume that all published studies were duly approved by the ethics committees of               
each of the institutions and that due use has been made of the medical records as indicated in                  
the resolution of the Colombian Ministry of Health number 1995 of 1999 or the respective to                
each country. 
 

11. Formation and trajectory of the Research Group 
 

Scientific production has become one of the most important quality indicators of higher education              
institutions in the world. In Colombia these institutions make great efforts to consolidate master's              
degrees and PhD programs, position their lines of investigation, research groups and increase their              
number of publications, projects and results. In recent years, the Fundación Santa Fe de Bogotá is                
part of a small group of institutions that have a tendency towards generating technological and social                
innovations as a strategy to build a future. Los Andes University has also been characterized by                
knowledge creation. These institutions have been promoting joint work for several years for the              
formation of new knowledge that improves well-being and that influences the best quality of care. 
 
 



 

This is why these two institutions have directed a large part of their efforts to strengthen the scientific                  
community. The Critical Medicine and Intensive Care Department of the Fundación Santa Fe             
University Hospital in Bogotá, created, four years ago, a research group for training students from               
different areas with clinical and research professors who are interested to coordinate and strengthen              
research. Also, they have the desire to contribute to solve problems that plague our community. With                
the creation of this research group and in search of solving questions through the development of                
research protocols, the secondary objective is to improve the research capacity of the professionals              
belonging to the Fundación Santa Fe de Bogotá University Hospital  and Los Andes University. 
 
 
For the above and seeing the importance of a work that can contribute to solving problems in the                  
current pandemic, it is important to emphasize that this project will be carried out under the                
supervision of Dr. Yenny Rocío Cárdenas, an intensivist doctor attached to the Fundación Santa Fe               
de Bogotá. Additionally, it will count with the participation of Sergio Prieto rural doctor in critical                
research care and attached to the Fundación Santa Fe de Bogotá, Fredy Leonardo Carreño              
Hernández doctor graduated from Los Andes University, Daniela Abondano intern of the Fundación             
Santa Fe de Bogotá and Jairo Alejandro Gaitán Alfonso, ninth semester student of medicine at Los                
Andes University  
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space to begin this project. Finally, we thank Daniel Hernandez and Jose Monroy for helping us                
refine the search methodology. 
 
 
 
 

13. Bibliografía  
 

1. Lu R, Zhao X, Li J, Niu P, Yang B, Wu H, et al. Genomic characterisation                
and epidemiology of 2019 novel coronavirus: implications for virus origins          
and receptor binding. Lancet. 2020 Feb 22;395(10224):565–74. 

2. World Health Organization. Coronavirus disease (COVID-19) Situation       
Report–113. WHO; 2020. 

3. Wang Y, You XY, Wang YJ, Peng LP, Du ZC, Gilmour S, et al. Estimating               
the basic reproduction number of COVID-19 in Wuhan, China. Zhonghua          
Liu Xing Bing Xue Za Zhi. 2020 Mar 3;41(4):476–9. 



 

4. Liu Y, Gayle AA, Wilder-Smith A, Rocklöv J. The reproductive number of            
COVID-19 is higher compared to SARS coronavirus. Journal of travel          
medicine 2020. 

5. Chen W, Wang Q, Li YQ, Yu HL, Xia YY, Zhang ML, Yang XK. Early               
containment strategies and core measures for prevention and control of          
novel coronavirus pneumonia in China. Chinese journal of preventive         
medicine. 2020; 54(3), 1-6. 

6. The epidemiological characteristics of an outbreak of 2019 novel         
coronavirus diseases (COVID-19) in China. Zhonghua Liu Xing Bing Xue          
Za Zhi. 2020 Feb 17;41(2):145–51. 

7. Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al. Clinical Characteristics                
of 138 Hospitalized Patients with 2019 Novel Coronavirus-Infected        
Pneumonia in Wuhan, China. JAMA - J Am Med Assoc. 2020 Mar            
17;323(11):1061–9. 

8. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of                 
patients infected with 2019 novel coronavirus in Wuhan, China. Lancet.          
2020 Feb 15;395(10223):497–506. 

9. Grasselli G, Zangrillo A, Zanella A, Antonelli M, Cabrini L, Castelli A, et al.              
Baseline Characteristics and Outcomes of 1591 Patients Infected with         
SARS-CoV-2 Admitted to ICUs of the Lombardy Region, Italy. JAMA - J            
Am Med Assoc. 2020; 

10.Bhatraju PK, Ghassemieh BJ, Nichols M, Kim R, Jerome KR, Nalla AK, et             
al. Covid-19 in Critically Ill Patients in the Seattle Region — Case Series.             
N Engl J Med. 2020 Mar 30; 

11.Nicola M, Alsafi Z, Sohrabi C, Kerwan A, Al-Jabir A, Iosifidis C, et al. The               
Socio-Economic Implications of the Coronavirus and COVID-19       
Pandemic: A Review. Int J Surg. 2020 Apr; 

12.Velavan TP, Meyer CG. The COVID-19 epidemic [Internet]. Vol. 25,          
Tropical Medicine and International Health. Blackwell Publishing; 2020. p.         
278–80. 

13.Jasper J. Koehorst, Jesse CJ van Dam, Edoardo Saccenti, Vitor AP           
Martins dos Santos MS-D and PJS. GISAID Global Initiative on Sharing           



 

All Influenza Data. Phylogeny of SARS-like beta-coronaviruses including        
novel coronavirus (nCoV). Oxford. 2017;34(8):1401–3. 

14.Rottier PJM. The Coronavirus Membrane Glycoprotein. In: The        
Coronaviridae. 1995. p. 115–39. 

15.Zhou P, Yang X Lou, Wang XG, Hu B, Zhang L, Zhang W, et al. A                
pneumonia outbreak associated with a new coronavirus of probable bat          
origin. Nature. 2020 Mar 12;579(7798):270–3. 

16.South AM, Diz D, Chappell MC. COVID-19, ACE2 and the Cardiovascular           
Consequences. American Journal of Physiology-Heart and Circulatory       
Physiology. 2020 Mar 31; 

17.Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of                 
patients infected with 2019 novel coronavirus in Wuhan, China. The          
Lancet. 2020 Feb 15;395(10223):497–506. 

18.Kanne JP, Little BP, Chung JH, Elicker BM, Ketai LH. Essentials for            
Radiologists on COVID-19: An Update— Radiology Scientific Expert        
Panel. Radiology. 2020 Feb 27;200527. 

19.Fang Y, Zhang H, Xie J, Lin M, Ying L, Pang P, et al. Sensitivity of Chest                 
CT for COVID-19: Comparison to RT-PCR. Radiology. 2020 Feb 19;          
200432. 

20.Aylward, Bruce (WHO); Liang W (PRC). Report of the WHO-China Joint           
Mission on Coronavirus Disease 2019 (COVID-19) [Internet]. Vol. 2019,         
The WHO-China Joint Mission on Coronavirus Disease 2019. 2020 

21.Xu Z, Shi L, Wang Y, Zhang J, Huang L, Zhang C, et al. Pathological               
findings of COVID-19 associated with acute respiratory distress syndrome.         
The Lancet Respiratory Medicine. 2020 Apr 1;8(4):420–2. 

22.Matthay MA, Zemans RL. The Acute Respiratory Distress Syndrome:         
Pathogenesis and Treatment. Annual Review of Pathology: Mechanisms        
of Disease. 2011 Feb 28;6(1):147–63. 

23.Ramsey C, Kumar A.. H1N1: viral pneumonia as a cause of acute            
respiratory distress syndrome. Current opinion in critical care. 2011; 17(1),          
64-71. 



 

24.Matthay MA, Aldrich JM, Gotts JE. Treatment for severe acute respiratory           
distress syndrome from COVID-19 [Internet]. Vol. 8, The Lancet         
Respiratory Medicine. 2020; p. 433–4. 

25.Brower RG, Matthay MA, Morris A, Schoenfeld D, Thompson BT, Wheeler           
A. Ventilation with lower tidal volumes as compared with traditional tidal           
volumes for acute lung injury and the acute respiratory distress syndrome.           
New England Journal of Medicine. 2000 May 4;342(18):1301–8. 

26.Mohsen Al Husseini A, Ju Lee H, Negrete J, Powelson S, Tepper Servi A,              
Slocum AH. Design and prototyping of a low-cost portable mechanical          
ventilator. Journal of Medical Devices, Transactions of the ASME.         
2010;4(2):1–1. 

27.Darwood A, McCanny J, Kwasnicki R, Martin B, Jones P. The design and             
evaluation of a novel low-cost portable ventilator. Anaesthesia. 2019 Nov          
1;74(11):1406–15. 

28.Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M,            
Stewart LA. Preferred reporting items for systematic review and         
meta-analysis protocols (PRISMA-P) 2015 statement. Systematic reviews,       
2015; 4(1), 1. 

29.Deeks JJ, Higgins JP, Altman DG. 9.5. 2 Identifying and measuring           
heterogeneity. The Cochrane handbook for systematic reviews of        
interventions. 2011; Version, 5(0). 

30.Sterne JAC, Savović J, Page MJ, Elbers RG, Blencowe NS, Boutron I,            
Cates CJ, Cheng HY, Corbett MS, Eldridge SM, Hernán MA, Hopewell S,            
Hróbjartsson A, Junqueira DR, Jüni P, Kirkham JJ, Lasserson T, Li T,            
McAleenan A, Reeves BC, Shepperd S, Shrier I, Stewart LA, Tilling K,            
White IR, Whiting PF, Higgins JPT. RoB 2: a revised tool for assessing             
risk of bias in randomised trials. BMJ 2019; 366: l4898. 

31.Higgins JP, Green S. Section 13.5. 2.3. Tools for assessing          
methodological quality or risk of bias in non-randomized studies.         
Cochrane Handbook for Systematic Reviews of Interventions, 2011;        
Version 5. 1. 



 

32.Deeks JJ, Higgins JP, Altman DG. Chapter 10: analysing data and           
undertaking meta-analyses. The Cochrane handbook for systematic       
reviews of interventions. 2011; Version, 5(0). 

33.Higgins JP, Green S. Section 12.2. 1 The GRADE approach & Section            
12.2.2 Factors that decrease the quality level of a body of evidence.            
Cochrane handbook for systematic reviews of interventions, 2011; Version         
5.1. 0, 1-649. 

 


