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Abstract. – OBJECTIVE: The aim of the study 
was to synthesize and analyze the scientific pub-
lications related to ventilatory therapies used in 
patients with COVID-19 in Intensive Care Units 
(ICUs), the parameters of invasive mechanical ven-
tilation prescribed for these patients, and the clini-
cal characteristics of patients admitted to the ICU.

MATERIALS AND METHODS: A systematic re-
view was carried out through the PubMed, Em-
base, Web of Science and Cochrane Library da-
tabases. Studies published up to 31/05/2020 were 
included if they made reference to ventilatory 
therapies used in ICU patients with COVID-19.

RESULTS: Qualitative analysis was performed 
on 30 included studies. A total sample of 48,743 pa-
tients was analyzed, of which 17.66% were admit-
ted to ICUs, and 6.4% of these patients died. Of the 
patients analyzed, 44.4% required some type of re-
spiratory support. Specifically, 12.8% of patients re-
ceived invasive mechanical ventilation, while 9.7% 
received non-invasive mechanical ventilation, and 
29.7% received high-flow nasal oxygen.

CONCLUSIONS: COVID-19 has led to a high 
number of ICU admissions and a challenge for 
ICUs is to provide the best ventilatory therapy 
available to patients admitted. It has been ob-
served that the available figures for ICU admis-
sions and the use of ventilatory therapies are sim-
ilar across continents. However, the data suggest 
that geographic areas with higher rates of ICU ad-
mission have lower mortality rates. The lack of in-
formation in some of the clinical records limits 
the ability to obtain more conclusive results.

Key Words:  
SARS, SARS-CoV-2, Mechanical ventilation, Intensive 

care unit, Critical care.

Introduction

Severe acute respiratory syndrome (SARS) is 
one of the most serious clinical manifestations 

caused by the SARS-CoV1,2 coronavirus. SARS-
CoV-2, which affects people, was first detected 
in December 2019 in Wuhan City, Hubei Prov-
ince, China3. On the 11th of March 2020, the World 
Health Organization declared the disease caused 
by the SARS-COV-24 virus a pandemic. One of the 
characteristics of the illness caused by the SARS-
CoV-2 virus (referred to as COVID-19 for the 
rest of this article) is the profound severity of the 
symptoms, which have led to numerous patients re-
quiring long stays in Intensive Care Units (ICUs), 
where specific treatments can be administered3.

The present systematic review has three main 
aims: firstly, to understand the published literature 
surrounding ventilatory therapies used in patients 
with COVID-19; secondly, to determine the pa-
rameters of invasive mechanical ventilation pre-
scribed; and thirdly, to determine the clinical char-
acteristics of COVID-19 patients admitted to ICUs.

Materials and Methods

A systematic review was carried out according 
to the Cochrane Handbook (version 5.1.0)5. The 
review was carried out following the standards 
established by PRISMA (Preferred Reporting 
Items for Systematic reviews and Meta-Analy-
sis) Statement6. The protocol was registered with 
PROSPERO (https://www.crd.york.ac.uk/prospe-
ro/), with reference number CRD42020179657.

Research Question
The research question was structured according 

to the PICO (Patient, Intervention, Comparison, 
Outcome) format was: are there differences in terms 
of mortality (O) between the different ventilation 
strategies used (I/C) in patients with COVID-19 (P)? 
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Search Strategy and Selection Process
Electronic searches were carried out on 

PubMed, Embase, Web of Science and the Co-
chrane Library until 31st May, 2020. Keywords 
and free-text terms which referred to COVID-19 
and ventilatory therapy were used (Supplemen-
tary Material 1).

Two researchers (MRVL and IMC) firstly 
screened titles and abstracts to identify the man-
uscripts that could potentially be included. The 
full-texts of the selected ones were then read to 
identify publications that met the inclusion cri-
teria. In case of discrepancies between both re-
searchers, a third researcher (PJLS) was involved 
to resolve the conflict.

Inclusion and Exclusion Criteria
Observational or experimental studies written 

in English or Spanish that analyzed ventilatory 
therapy in an adult population with COVID-19 
were included. The included articles used the 
COVID-19 diagnosis established by the World 
Health Organization (WHO)7. Studies that ana-
lyzed pediatric or pregnant populations, specific 
populations (such as cancer patients exclusively) 
or studies that did not provide information about 
ventilatory therapy were excluded.

Data Extraction and Analysis
Data extraction was carried out by two authors 

(MRVL and IMC) and supervised by a third au-
thor (PJLS) using a form created by the research 
group, based on the PICO strategy. Data were ex-
tracted regarding the methodology (design, study 
period, country, sample size), type of population, 
admission or not to ICU, length of stay in ICU, 
connection to invasive mechanical ventilation, 
time of connection to invasive mechanical ven-
tilation, use of non-invasive mechanical ventila-
tion, use of high-flow nasal oxygen (HFNO), ven-
tilatory mode, tidal volumes, pressures (positive 
end-expiratory pressure (PEEP), plateau pressure 
and driving pressure) and mortality.

Quality Analysis
The risk of bias was assessed independently by 

two authors (MRVL and BMI) and a consensus 
was subsequently reached using a third author 
(PJLS) in cases where there was a disagreement. 
The Cochrane risk of bias assessment tool was 
used5, which assesses selection bias, performance 
bias, attrition bias, reporting bias and other bi-
ases. The Cochrane Review Manager (RevMan; 
Copenhagen: The Nordic Cochrane Centre, The 

Cochrane Collaboration, 2014) version 5.3 soft-
ware was used.

Results

A total of 767 studies published between 31st 
May, 2019 and 31st May, 2020 were identified, of 
which 290 were eliminated as duplicates. After 
reading the title and abstract, 422 were eliminat-
ed. Later, 57 were selected for full-text reading, of 
which 27 were excluded (3 did not allow access to 
the full text, 3 were editorials, 4 were written in 
a language other than Spanish or English (3 pub-
lications in Chinese and 1 in Hungarian), 2 were 
clinical practice guidelines, 5 did not provide data 
on mechanical ventilation or HFNO, 2 focused 
exclusively on cancer patients, 4 were letters to 
editors, 1 evaluated the success of orotracheal 
intubation, and 3 were clinical cases). Finally, a 
total of 30 references8-37 were included for qualita-
tive analysis (Figure 1).

In the qualitatively analyzed studies, the num-
ber of patients involved ranged from 8 to 20,133, 
with a total of 48,743 patients analyzed. Of these 
patients, 58.2% were male (28,362). The mean 
ages ranged from 47 to 75 years. The main char-
acteristics of the analyzed studies are shown in 
Table I. The assessment of the risk of bias showed 
a moderate risk (Figures 2 and 3).

Admission to ICU
Of the manuscripts analyzed, 27 stud-

ies8-18,20-27,29,31-37 collected data on patient admis-
sion to ICU. In total, the patient population across 
these studies contained 48,648 patients, of which 
8,608 (17.66%) were admitted to ICU. Male pa-
tients accounted for 70.5% of this total population. 
The age of the patients admitted to ICU ranged 
between 49 and 71 years. The median stay in ICU 
ranged between 9 and 12 days, and the mortality 
in ICU was 6.4%. The characteristics of the pa-
tients admitted to ICU are shown in Table II.

Respiratory Support
Regarding respiratory support, 28 stud-

ies8-13,15-23, 25-37 provided data. Of the total num-
ber of patients (46,001), 44.4% (20,434) received 
some type of respiratory support, such as invasive 
mechanical ventilation, non-invasive mechanical 
ventilation and high-flow nasal oxygen. Specifi-
cally, 5,894 patients received invasive mechanical 
ventilation (12.8%), 3,799 received non-invasive 
mechanical ventilation (9.7%) and 10,668 patients 

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Material-1-Art.-10454.pdf
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received oxygen through a high-flow nasal can-
nula (29.7%). To improve pulmonary ventilation, 
17.3% of the patients were in the prone position, 
and 1.7% received extracorporeal membrane ox-
ygenation. The median number of days remained 
connected to mechanical ventilation ranged be-
tween 9 and 18.5 days. The mortality of patients 
connected to invasive mechanical ventilation was 
33.6%. The characteristics of the ventilatory ther-
apies used in the patients included in the studies 
are shown in Table III.

Mechanical Ventilation Parameters
Ten studies8,10,12,16,20,23-27,34 provided some data re-

garding the parameters of mechanical ventilation. 
Specifically, seven8,12,23-26,34 reported data on the 
tidal volume with which patients were ventilated, 
and this ranged between 6 and 7 ml/kg of the ideal 
patient weight. Mitra et al26, on the other hand, re-
ported that they ventilated patients with 400 (inter-
quartile range – IQR 350-450) ml per breath.

Eight studies8,12,16,20,23-26,34 refer to the PEEP of 
patients who were ventilated. The range of PEEP 

Figure 1. PRISMA Flow Diagram6.
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reported was 6-12 cmH2O, with 12 cmH2O be-
ing the most common value. Plateau pressures 
were reported by Beloncle et al12 and Mitra et al26, 
where the median pressures were 22 (IQR 21-24) 
cmH2O and 23 (IQR 20-24) cmH2O, respectively.

The fraction of inspired oxygen (FiO2) that ven-
tilators were programmed to deliver to patients 
ranged between 35% and 100%12,16,20,26. Mean-
while, lung compliance was reported by Auld et 
al10 and Mitra et al26, with median values of 34 
(IQR 28-46) ml/cmH2O and 35 (IQR 31-44) ml/
cmH2O, respectively.

Only Chen et al16 reported the ventilatory mode 
used with studied patients, and that was pres-
sure-synchronized intermittent mandatory venti-
lation (P-SIMV) (Table IV).

Three of the studies8,13,34 analyzed compared 
the ventilatory parameters in the first three days 
of mechanical ventilation. Tidal volumes were 
similar across the three studies (Table V), and 
for all days, ranging from 6.3-6.7 ml/kg of ideal 
weight. The PEEP values of the programmed ex-
piration were also similar at 12 cmH2O. Plateau 
pressures ranged from 25-28 cmH2O on the first 
day, 24-28 cmH2O on the second day, and 22-28 
cmH2O on the third day. The distension pressure, 
or driving pressure, ranged from 12-16 cmH2O on 
the first day, 10-15 cmH2O on the second day, and 
11-14 cmH2O on the third day. Lung compliance 
varied throughout the days, generally improving 
on the third day, so that values ranged from 28-
29 ml/cmH2O on the first day, 26-31.7 ml/cmH2O 
on the second day, and 29.7-37 ml/cmH2O on the 
third day. Comparison of the ventilatory param-
eters used during the first three days of invasive 
mechanical ventilation is shown in Table V. 

Comparison Between Regions
When comparing the data between geograph-

ic regions and countries, it can be observed that 
mortality varies between 10% and 23.1%, with the 
highest mortality in Europe and the lowest mortal-

Figure 2. Assessment of risk bias.  Figure 3. Summary of Risk of Bias Assessment.
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ICU: Intensive Care Unit; ECMO: Extracorporeal Membrane Oxygenation; h: hours; RT-PCR: Reverse transcription polymerase chain reaction; OTI: orotracheal intubation; ECMO: 
extracorporeal membrane oxygenation; ref.: reference.

Author Country Sample 
(N)

Design Follow-up Study patients Gender 
(ref: male)

Age Mortality 
(days)

Abdallah 
et al8

United 
Arab 
Emirates

55 Retrospective 
observational

31/03/20 - 
10/05/20

COVID-19 adults in ICU 51 (91%) 51(13) 12

Arentz 
et al9

USA 21 Case series 20/02/20 - 
05/03/20

COVID-19 adults in ICU 11 (52%) 70 (43-92) 11

Auld 
et al10

France 217 Cohort study 06/03/20 - 
17/04/20

SARS-Cov-2 adults in UCI 119 (54.8%) 64(54-73)

Barrasa 
et al11

Spain 48 Descriptive 
prospective 
observation

04/03/20 - 
31/03/20

Adults ( ≥18 years) COVID-19+ in ICU 27 (56%) 63 (51-75), 
63.2 (12)

6 (7 days), 
14 (15 days)

Beloncle
 et al12

France 25 Prospective 
observational

18/03/20 - 
02/04/20

Patients intubated for COVID-19 in the first 24 hours of 
OTI. No ECMO, No <18 years, No pneumothorax

18 (72%) 71 (60.5-76)

Bhatraju 
et al13

USA 24 Case series 24/02/20 - 
09/03/20

Adults with COVID-19 infection in the period 15 (63%) 64 (18) 12

Borobia 
et al14

Spain 3127 Cohort study 25/02/20 - 
19/04/20

Adults hospitalized with COVID-19 deceased or dis-
charged until 19/04/20

1074 
(48.2%)

61 (46-78) 460

Casas-rojo 
et al15

Spain 15111 Multicentre 
retrospective 
cohort 

27/03/20 - 
30/06/20

Adults with COVID-19 admitted to hospital with discharge 
or death

8644(57.2%) 69.4 
(56.4-79.9)

3181

Chen 
et al16

China 99 Retrospective 
single-center 
descriptive

01/01/20 - 
20/01/20

Adults with COVID-19 pneumonia 67 (68%) 55.5 (13,1) 11

Docherty 
et al17

United 
Kingdom

20133 Prospective 
multicenter 
cohort

06/02/20 - 
19/04/20

Adults with COVID-19 12068 
(59.9%)

72.9 (58-82) 5165

Ferguson 
et al18

USA 72 Retrospective 
observational

13/03/20 - 
11/04/20

Adults with COVID-19 and admission> 24h 38 (52.8%) 60.4 
(43.4-70.6)

5

Goyal 
et al19

USA 393 Retrospective 
case series

05/03/20 - 
27/03/20

Adults with confirmed COVID-19 238 (60.6%) 62.2 
(48,6-73,7)

40

Grasselli 
et al20

Italy 1591 Retrospective 
observational

20/02/20 - 
18/03/20

COVID-19 positive and admitted to ICU 1304 (82%) 63 (56-70) 405

Guan 
et al21

China 1099 Cohort stuy 11/12/19 - 
29/01/20

RT-PCR positive 638 (58.1%) 47 (35-58) 15

Huang 
et al22

China 41 Observational Not reg-
istered - 
02/01/20

Patients with COVID-19 30 (73%) 49(41-58) 6

Ling 
et al23

China 8 Multicenter 
retrospective 
observational 
cohort

22/01/20 - 
11/02/20

Critical adult patients with COVID-19 and admitted to ICU 4 (50%) 64.5 (42-70) 1

Table I. Summary of the characteristics of the studies included in the systematic review.
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ICU: Intensive Care Unit; SARS: Severe Acute Respiratory Syndrome; RT-PCR: Reverse transcription polymerase chain reaction; CT: computerized tomography; RF: respiratory 
rate; PaO2: arterial oxygen pressure; PaCO2: Blood pressure of carbon dioxide; SpO2: Partial oxygen saturation; O2: oxygen; L/min: liters per minute; min: minute; GCS: Glasgow 
Coma Scale; CRRT: continuous renal replacement therapies; NR: does not report; IOT: Orotracheal Intubation.

Author Country Sample 
(N)

Design Follow-up Study patients Gender 
(ref: male)

Age Mortality 
(days

Liu et al24 China 8 Case series Not 
registered

COVID-19 adults in ICU 7 (87.5%) 63.2(11) 0-28 days

Mauri et 
al25

Italy 10 Prospective 
crossover physi-
ological study

Not 
registered

Orotracheal intubated patients with SARS due to 
COVID-19

7 (70%) 57 (54-64)

Mitra et 
al26

Canada 117 Retrospective 
case series

21/02/20-
14/04/20

COVID-19 patients admitted to ICU 79(67.5%) 69 (60-75) 18

Richardson 
et al27

USA 5700 Case series. 
Descriptive. 
Observational

01/03/20-
04/04/20

Hospital admitted for COVID-19 3437 (60.3%) 63 (52-75) 553

Tomlins et 
al28

United 
Kingdom

95 Retrospective 
single-center 
descriptive

10/03/20-
30/03/20

COVID-19 hospitalized patients 60 (63%) 75 (59-82) 20

Wang et 
al29

China 138 Retrospective 
single-center 
case series

01/01/20-
28/01/20

Hospital admitted for COVID-19 75 (54.3%) 56 (42-68) 6

Wang et 
al30

China 27 Retrospective 
observational

01/01/20-
04/03/20

Adults with COVID-19 pneumonia

Yan et al31 China 193 Retrospective 
single-center 
observational

10/01/20-
24/02/20

COVID-19 adults with positive RT-PCR and CT 114 (59.1%) 64 (49-73) 108

Yang et al32 China 52 Retrospective 
single-center 
observational

24/12/19-
26/01/20

COVID-19 pneumonia admitted to ICU 35 (67%) 59.7 (13.3) 32

Yu et al33 China 226 Multicenter 
prospective 
cross-sectional 
observational

24h (8:00 
26/02/20-
8:00 
27/02/20)

Admitted to the ICU with RR> 40, PaO2 <60 or SpO2 
<90% with O2 ≥7L/min for 30min, PaCO2> 50, hemody-
namically unstable with amines, GCS <12, CRRT

139 (61.5%) 64 (57-70) 87

Zangrillo 
et al34

Italy 73 Observational 25/02/20- 
02/04/20

>18 years. Admitted to the ICU with COVID-19 61 (83.6%) 61 (54-69) 17

Zhang et 
al35

China 221 Retrospective 
single-center 
observational

02/01/202- 
10/02/20

COVID-19 pneumonia 108 (48.9%) 55 (39-66.5) 12

Zhou et 
al36

China 191 Multicenter 
retrospective 
cohort

29/12/19- 
31/01/20

Adults with COVID-19 119 (62%) 56 (46-67) 54

Zhou et 
al37

China 21 Case series 28/01/20-
02/03/20

Adults with COVID-19 in ICU  13 (61.9%) 66,1 (13.94) 3

Table I (Continued). Summary of the characteristics of the studies included in the systematic review.
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Author Country Sample 
(N)

Admission 
to ICU

Gender 
(male ref.)

Age ICU stay Mortality

Abdallah et al8 United Arab 
Emirates

55 55 51(91%) 51(13) 17 (8-34) 12

Arentz et al9 USA 21 21 11 (52%) 70 (43-92) 11

Auld et al10 France 217 217 119 (54.8%) 64(54-73) 9 (5-15) 62
Barrasa et al11 Spain 48 48 27 (56%) 63 (51-75), 

63.2 (12)
6 (7 days), 
14 (15 días)

Beloncle et al12 France 25 25 18 (72%) 71 (60.5-76)

Bhatraju et al13 USA 24 24 15 (63%) 64 (18) 9 (4-14) 12
Borobia et al14 Spain 3127 237 55

Casas-Rojo  et al15 Spain 15111 1255

Chen et al16 China 99 23 67 (68%) 55.5 (13.1)

Docherty et al17 United 
Kingdom

20133 3001 958

Ferguson et al18 USA 72 21 13 (61.9%) 57.6 
(42.2-70.1)

12 (5-28) 3

Grasselli et al20 Italy 1591 1591 1304 (82%) 63 (56-70) 9 (6-13) 405
Guan et al21 China 1099 55

Huang et al22 China 41 13 30 (73%) 49(41-58) 5

Ling et al23 China 8 8 4 (50%) 64.5 (42-70) 12 (8-16) (alive) 1
Liu et al24 China 8 8 7 (87.5%) 63.2(11) 0 (28 days)

Mauri et al25 Italy 10 10 7 (70%) 57 (54-64)

Mitra et al26 Canada 117 117 79(67.5%) 69(60-75) 9 (5-21) 18
Richardson 
et al27

USA 5700 1281 291

Wang et al29 China 138 36 22 (61.1%) 66 (57-78) 6

Yan et al31 China 193 92 91

Yang et al32 China 52 52 35 (67%) 59,7 (13,3) 32

Yu et al33 China 226 226 139 (61.5%) 64 (57-70) 9

Zangrillo 
et al34

Italy 73 73 61 (83.6%) 61 (54-69) 10.5 (8-15)
11 (8-16) (alive)

14

Zhang et al35 China 221 44 8 (5-13) 
(discharged)
11 (4.5-14.5) 
(deaths)

9

Zhou et al36 China 191 50 119 (62%) 56 (46-67) 39

Zhou et al37 China 21 21  13 (61.9%) 66.1 (13.94) 3

Table II.  Characteristics of patients admitted to ICUs.

ICU: Intensive Care Unit; ref.: reference.
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Author Country Sample 
(N) IMV NIMV HFNO

Mortality 
of patients 
connected 
to IMV

Days of 
connection 
to IMV

Decubitus 
prono ECMO

Abdallah 
et al8

United 
Arab 
Emirates

55 40 15 32 11 18.5 (9-41) 28 6

Arentz et al9 USA 21 15 4
Auld et al10 France 217 165 56 9 (4-13) 4
Barrasa 
et al11

Spain 48 45 3 1

Beloncle 
et al12

France 25 25

Bhatraju 
et al13

USA 24 18 0 10 10 (7-12) 5 0

Casas-Rojo 
et al15

Spain 15111 998 733 1197

Chen et al16 China 99 4 13 17 (12-19) 3

Docherty 
et al17

United 
Kingdom

20133 1658 2670 9244 618

Ferguson 
et al18

USA 72 13 2 17 (13-29) 6

Goyal et al19 USA 393 130 19
Grasselli 
et al20

Italu 1591 1150 137 240 5

Guan et al21 China 1099 25 56 5
Huang et al22 China 41 4 10
Ling et al23 China 8 6 11 (9-15)
Mauri et al25 Italy 10 10
Mitra et al26 Canada 117 74 15 43 15 13.5 (8-22) 21 3
Richardson 
et al27

USA 5700 1151 282	

Tomlins 
et al28

United 
Kingdom

95 6 10 3

Wang et al29 China 138 17 15 4
Wang et al30 China 27 4 16 17
Yan et al31 China 193 110 105
Yang et al32 China 52 22 29 33 19 6 6
Yu et al33 China 226 85 20 37 22 14
Zangrillo et 
al34

Italy 73 33 10.1 (8-14.3) 55 5

Zhang et al35 China 221 46 27 10

Zhou et al36 China 191 32 26 41
Zhou et al37 China 21 8 13 9 1

Table III.  Characteristics of ventilatory therapies.

IMV: Invasive mechanical ventilation; NIMV: non-invasive mechanical ventilation; HFNO: high flow nasal oxygen; ECMO: Extracorporeal Membrane 
Oxygenation
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ity in North America (Table VI). Regarding admis-
sion to the ICU, Europe registers the lowest rate, 
while Asia has the highest rates. In turn, the high-
est mortality rates in ICUs are seen in Asia (35.5%) 
and the lowest mortality rates are seen in America 
(22.9%) (Table VI). Regarding ventilatory thera-
pies, HFNO was used more widely (12.5-29.6% of 
patients) than invasive mechanical ventilation (11-
22.2% of patients), as shown in Table VI.

Discussion

The data from the 30 analyzed studies showed 
a significant rate of patients with SARS-CoV-2 
pneumonia, and of these patients, those who were 
admitted to ICUs had a mortality rate of around 
6.4%. When comparing ICU admissions by geo-
graphical area, the figures are similar across con-
tinents, though slightly lower in Europe. Howev-

er, the mortality of patients admitted to ICUs is 
lower in the United States.

Based on these data, it could be that the high 
mortality figures in Europe, compared to other re-
gions, are due to a lower rate of ICU admissions, 
since the mortality of patients admitted to Euro-
pean ICUs is lower than in other regions. There 
are several potential reasons for this: high mortal-
ity prior to ICU admission due to disease sever-
ity; lack of prior triage to decide which patients 
required ICU; or a lack of intensive care beds in 
Europe that would require such triage.

Regarding the respiratory support used in pa-
tients with COVID-19, a high percentage required 
advanced respiratory therapy, either invasive or 
non-invasive mechanical ventilation. In this sense, 
the invasive mechanical ventilation figures are 
similar between regions, with the United States 
having the highest figures. Regarding non-inva-
sive mechanical ventilation and HFNO, the fig-
ures are similar between regions, but the lowest 

Author Country Vt (ml/Kg) PEEP 
(cmH2O)

Modo 
ventilatorio

FiO2 (%) Pplat 
(cmH2O)

MV 
(L/min)

Cst (ml/
cmH2O)

PaO2/
FiO2 
(mmHg)

Abdallah 
et al8

United 
Arab 
Emirates

6.5 (5.8-7) 
ml/kg

12 (12-14)

Auld 
et al10

France 34 
(28-46)

132 
(100-178

Beloncle 
et al12

France 6 (5.9-6.1) 12(10-15) 60 (40-65) 23 (21-24) 12,3 
(9.2-13)

135 
(119-195)

Chen 
et al16

China 6-12 P-SIMV 35-100

Grasselli 
et al20

Italy 14 (12-16) 70 (50-80) 160 
(114-220)

Ling 
et al23

China 6.4 (0.6)

Liu 
et al24

China 7 (0,6), 7.7 
(0,8), 7.5 
(0.6)

11(1.2), 
10(1.4), 
9.6 (1.2)

102 
(29.7)

Mauri 
et al25

Italy 7,4 (6.1-8.6) 12 (12-15)

Mitra 
et al26

Canada 400 (350-
450) ml*

12 (10-14) 50 (40-60) 22 (20-24) 35 
(31-44)

180 
(148-216)

Zangrillo 
et al34

Italy 6.7 (6-7.5) 12 (IQR 
10-14)

Table IV. Ventilatory parameters in Invasive Mechanical Ventilation.

Vt: tidal volume; ml: milliliters; Kg: kilograms; PEEP: Positive End Expiratory Pressure; cmH2O: centimeters of water; FiO2: 
Inspired fraction of oxygen; Pplat: plateau pressure; MV: minute volume; L: liters; min: minute; Cst: static compliance; PaO2: 
arterial oxygen pressure; mmHg: millimeters of mercury; P-SIMV: Pressure-Synchronized Intermittent Mandatoryl Ventila-
tion. *Volume of air per inspiration.
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HFNO usage is reported in the United States. 
Generally, HFNO is used more commonly than 
invasive mechanical ventilation in the countries 

studied, however, in the United States the oppo-
site is seen, and invasive mechanical ventilation is 
used more commonly than HFNO.

Vt: tidal volume; ml: milliliters; Kg: kilograms; PEEP: Positive End Expiratory Pressure; cmH2O: centimeters of water; FiO2: Inspired oxygen fraction; 
PaO2: arterial oxygen pressure; mmHg: millimeters of mercury. *PaO2 / FiO2: lower ‡ Higher FiO2

Abdallah et al8 Bhatraju et al13 Zangrillo et al34

Day 1

PaO2/FiO2 (mmHg) 82 (64-128)* 142 (94-177)* 110 (80-158,5)
Ventilatory mode Controlled 64/70

Attended 6/70
Vt (ml / Kg ideal weight) 6.5 (5.8-7) 6.7 (6-7.5)

PEEP (cmH2O) 12 (12-14) 12 (10-14)

Peak Pressure (cmH2O) 28.5 (25.2-30)

Plateau Pressure (cmH2O) 28 (26-30) 25 (20-28)

Driving Pressure (cmH2O) 16 (13-18) 13 (11-17) 12 (7-16.5)

Compliance (ml/cmH2O) 28 (SD 9,3) 29 (25-36) 28.6 (21.8-34)

FiO2 (%) 90 (70-100)‡ 70 (52-80)

Day 2

PaO2/FiO2 (mmHg) 94 (68-126)* 139 (112-171)* 141.6 (104.7-177.2)
Ventilatory mode Controlled 54/70

Attended 16/70
Vt (ml/Kg ideal weight) 6.6 (6-7) 6,7 (6-7,5)

PEEP (cmH2O) 12 (12-14) 12 (10-14)

Peak Pressure (cmH2O) 26 (20.5-29.5)

Plateau Pressure (cmH2O) 28 (26-30) 24 (21-29)

Driving Pressure (cmH2O) 15 (13-18) 13 (12-17) 10 (6-15)

Compliance (ml/cmH2O) 28.2 (SD 8.2) 26 (20-35) 31.7 (25.4-39.6)

FiO2 (%) 70 (50-80)‡ 60 (50-70)

Day 3

PaO2/FiO2 (mmHg) 108 (73-162)* 134 (108-171)* 156.8 (113.3-193.8)
Ventilatory mode Controlled 51/67

Attended 16/67
Vt (ml/Kg ideal weight) 6,3 (5,6-7) 6.7 (6.1-7.4)

PEEP (cmH2O) 12 (10-13) 12 (10-14)

Peak Pressure (cmH2O) 26 (23.8-30)

Plateau Pressure (cmH2O) 27 (24-29) 22 (19-28)

Driving Pressure (cmH2O) 14 (13-17) 12 (10-14) 11 (9-11)

Compliance (ml/cmH2O) 29.7 (SD 9.2) 37 (25-42) 30 (25.7-34.6)

FiO2 (%) 60 (50-70)‡ 50 (40-65)

Table V. Parámetros ventilatorios de los primeros 3 días conectado a VMI
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Armstrong et al38 carried out a systematic re-
view and meta-analysis of observational studies 
which analyzed the mortality in ICU of patients 
with COVID-19. Here they concluded that the 
mortality rate in the 24 included studies was 
41.6%. This rate is substantially higher than that 
obtained in our systematic review. One of the rea-
sons that may explain this difference is the search 
strategy inclusion criteria used by Armstrong et 
al38, since included studies were focused on the 
intensive care admission. However, in this pres-
ent review, included studies focused on the use of 
both invasive and non-invasive mechanical venti-
lation, including HFNO.

Rello et al’s study39 on patients admitted to 
ICUs in Spain for the Influenza virus A (H1N1) 
during 2009, observed that most affected patients 
were approximately 36 years (IQR 31-52) old, 
75% of the patients required mechanical ventila-
tion, and 33% required a prone position for venti-
lation39. These data may be comparable with those 
obtained in our systematic review, since the pa-
tients analyzed had a high demand for mechanical 
ventilation and were admitted to ICU. However, 
the population included in our systematic review 
is larger than the population analyzed by Rello et 
al39.

From the studies analyzed in this review, crit-
ically ill patients with COVID-19 who were ad-
mitted to ICUs, did so mainly due to the need for 
invasive mechanical ventilation to treat virus-in-
duced SARS. The data on mechanical ventilation 
available in the analyzed studies indicate that the 
ventilatory parameters used on COVID-19 pa-
tients are in line with the guidelines for the man-
agement of SARS40, for example, protective ven-
tilation with low tidal volumes and pressures at 

the end of expiration above 5 cmH2O
40. However, 

not all patients who developed SARS behaved as 
such. Gattinoni et al41 state the existence of two 
SARS phenotypes: an atypical phenotype, or L 
phenotype, characterized by low elastance, a low 
ventilation-perfusion ratio, low lung weight and 
low lung recruitment capacity; and a typical phe-
notype, or H phenotype, characterized by high 
elastance, high shunt, high lung weight, and high 
capacity for lung recruitment41. This may lead to 
the belief that mechanical ventilation therapies 
have not been the most appropriate for some of 
the patients, as they have been treated as if had 
classic SARS, or H12,13 phenotype, or with similar 
pressures in the airway42,43.

Mortality of patients connected to mechanical 
ventilation is relatively high according to the data 
of the studies included. This could be due to the 
severity of the patients treated, or the fact that 
the ventilatory therapies used were not based on 
the phenotypes of Gattinoni et al41 and, therefore, 
were not entirely personalised43.

Limitations
Firstly, an important limitation is the meth-

odological design of most of the studies includ-
ed in the present review. Studies are mostly 
retrospective with short follow-up times. Sec-
ondly, the quality of the data collected may be 
an issue as few studies reported data on the 
ventilatory parameters used. Lastly, some data 
on ICU admissions was lacking, for example, 
whether patients received mechanical ventila-
tion, and the parameters used to ventilate pre-
viously referred patients. This has prevented us 
from conducting a quantitative analysis on the 
ventilatory treatments used.

China Usa Asia* Europe¶ America‡

N 2324 6210 2379 40430 6327
Mortality 335 (14.6%) 621 (10%) 347 (14.8%) 9262 (23.1%) 639 (10.1%)
ICU 628 (27.3%) 1347 (23.2%) 683 (29%) 6384 (15.9%) 1464 (24.7%)
Mortality in ICU 195 (35.5%) 317 (23.5%) 195 (35.5%) 1494 (28.9%) 335 (22.9%)
IMV 253 (11.9%) 1314 (21.4%) 293 (13.5%) 4090 (11%) 1388 (22.2%)
NIMV 215 (10.4%) 4 (8.9%) 230 (10.8%) 3550 (9.6%) 19 (11.7%)
HFNO 137 (26.5%) 12 (12.5%) 169 (29.5%) 10444 (29.6%) 55 (25.8%)
ECMO 43 (2.5%) 0 49 (2.8%) 15 (0.8%) 3 (2.1%)

Table VI. Comparison of outcomes and ventilatory therapies between geographic areas.

ICU: Intensive Care Unit; IMV: Invasive Mechanical Ventilation; NIMV: Non-invasive Mechanical Ventilation; HFNO: High-
flow Nasal Oxygen; ECMO: Extracorporeal Membrane Oxigenation. *China and United Arab Emirates. ¶ Spain, United 
Kingdom, France and Italy; ‡ USA and Canada
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Conclusions

Based on the data obtained in this systematic 
review, it can be concluded that the rates of ad-
mission of coronavirus patients to ICU are high, 
however, in Europe they are somewhat lower than 
in the rest of the continents studied. This is also 
the case when considering the number of patients 
receiving invasive mechanical ventilation, which 
turned out to be lower in Europe than in other re-
gions. Regarding the mechanical ventilation pa-
rameters, although there seem to be similarities 
in the different studies, due to insufficient infor-
mation, any interesting inferences or conclusions 
have not been possible to establish. 

Although during a crisis, like the one caused 
by COVID-19, time constraints and busy sched-
ules of healthcare professionals make rigorous 
record keeping difficult, this study has highlight-
ed the importance of such documentation. High 
quality record keeping will allow further studies 
to be performed, which may ultimately facilitate 
the understanding of diagnosis and novel treat-
ment strategies for new diseases.
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