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Introduction
The SARS-CoV-2 virus responsible for the 
COVID-19 pandemic has a wide variety 
of clinical presentations. Age is the most 
important risk factor for critical illness and a 
poor prognosis, typically beginning on the 
seventh day after the onset of symptoms. In 
a large cohort of symptomatic patients who 
were followed early during the pandemic, 
81% presented with mild disease, 14% had 
severe disease and 5% became critically ill 
(Berlin 2020). The most important variables 
associated with high mortality were age, 
presence of diabetes, obesity, and severe 
acute respiratory distress syndrome [ARDS] 
(Schimdt 2021). Regarding the high mortal-
ity associated with ARDS, it is known that 
adequate programming and manoeuvres 
to maintain an effective invasive ventilation 
strategy are significantly associated with a 
reduction in mortality.

Protective Mechanical Ventilation
In the setting of care of a patient with severe 
and critical COVID-19, a lung support 
strategy with invasive mechanical ventila-
tion reaching alveolar protection targets is 
a priority, currently remaining the most 
impactful target measure on survival. 

The goals of protective ventilation are 
decisive in the prognosis and evolution of 
patients with ARDS, therefore patient care 

should always be individualised based on 
their clinical presentation, haemodynam-
ics and other conditions like availability of 
resources. The WHO proposes to perform 
protective ventilation in patients with ARDS 
due to COVID-19. It is critical to maintain 
a tidal volume (Vt) between 4-8 ml/kg 
adjusted to predicted weight (Brower 
2000), establish a positive pressure at the 
end of expiration (PEEP), perform plateau 
pressure (Pp) and drive pressure measure-
ments and keep them under their respective 
goal, as well as maintain normocapnia and 
normoxaemia (Figure 1).

The LOV-ED study proposes to perform 
protective ventilation in the emergency 
department since results showed a decrease 
in mortality, shorter stay in the ICU, and 
days off of mechanical ventilation in the 
group that was provided with a liberal 
strategy of ventilatory support. The ARMA 
study demonstrated that low Vt ventilation 
in patients with ARDS led to a significant 
decrease in in-hospital mortality. LUNG 
SAFE, an observational multicentre study 
demonstrated  that mortality of severe ARDS 
in the intensive care unit is 46.1%, which 
is why it emphasises protective ventilation 
strategies. The ARDS Clinical Trials Network 
ALVEOLI study included 549 patients, the 
Lung Open Ventilation Study (LOVS) 983 
patients, and the ExPress trial almost 1000 
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COVID-19 represents a challenge in respiratory therapy. Evidence-guided 
protective mechanical ventilation is essential to reduce mortality.

“Only a set of well-directed strategies can combat a formidable enemy.”
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patients. The results of the three studies 
consistently showed that an indiscriminate 
increase in PEEP strategy does not change 
survival in ARDS.

Amato (2015) conducted a retrospec-
tive analysis and coined the term driving 
pressure (Dp) or distending pressure (Pp 
- PEEP). Decreases in Dp due to changes in 
ventilator settings were strongly associated 
with an increase in survival establishing 
as cut point less than 13 cm H

2
O. Villar 

(2017) evaluated the risk of hospital death 
based on Vt, PEEP, Pp, and Dp for 24 hours 
under protective ventilation to predict 
hospital mortality, reproducing what was 
reported by Amato.

Pelosi (2018) proposes to maintain a 
strategy with closed lungs and at rest, thus 
minimising ventilator-induced lung injury 
(VILI). High PEEP is associated with alveolar 
overdistension, oedema formation, decrease in 
lymphatic drainage, and deterioration of right 
ventricular function, as well as the impact on 
systemic haemodynamics. Also, a Pp <25-30 
cm H

2
O is associated with a decrease in the 

proportion of hospital mortality.
It is recommended to start with a Vt of 

6 ml/kg and do an inspiratory pause to 
measure the Pp. If it exceeds 30 cm H

2
O, 

the Vt should be decreased until it is 30 
cm H

2
0. It is not recommended to lower 

the Vt less than 4 ml/kg because of the risk 

of severe hypercapnia and atelectasis. Dp 
in numbers greater than 13 to 15 cm H

2
O 

have been associated with higher mortality 
(Amato 2015; LUNGSAFE, 2016); however, 
there are currently no prospective stud-
ies supporting Dp as a target of alveolar 
protection in patients with COVID-19 
(despite this lack of evidence, there is a 
strong recommendation by international 
guidelines in ARDS produced by SARS-
CoV-2 sustained by remaining evidence 
in all-cause ARDS). 

Positive end-expiratory pressure (PEEP) 
in patients with severe ARDS is recom-
mended at high levels, up to 15 cm H

2
O 

of PEEP based on the low PEEP/FiO
2
 table 

of the ARDSnet group. Despite the arbitrary 
method it generated, it has been validated 
in several ways, remaining as the best 
supportable way of setting the PEEP.  That is 
why we strongly suggest its use (Table 1).

PaO
2
 and PaCO

2
 goals in ARDS must be 

maintained. These goals have been associated 
with survival within an O

2
 range by pulse 

oximetry between 88 to 92-95% (Brower 
2000; Papazian 2019). But in severe COVID-
19, a target of SpO

2
 between 92 to 96% is 

recommended. It is also recommended to 
keep PaO

2
 between 60 to 100 mm Hg, as 

well as maintain strict supervision of PaCO
2
 

levels in order to keep less than 60-80 mm 
Hg as a secondary target.

Protective ventilation (and thus virtually 
every patient under mechanical ventila-
tion) should avoid mechanical ventilation-
induced injury (VILI). Close monitoring 
of respiratory system pressures should be 
performed to avoid barotrauma, with peak 
pressure (Pmax) less than 35 cm H

2
O, Pp 

less than 25 cm H
2
O, Dp less than 13 cm 

H
2
O. With these interventions we can limit 

the damage and improve the prognosis and 
survival of patients with ARDS (Figure 1).

Prone Positioning 
The first report on prone position (PP) 
in patients with acute respiratory distress 
syndrome (ARDS) appeared in 1976 and 
described a marked improvement in oxygen-
ation. It is now clearly recognised that PP is 
associated with a significant improvement 
in oxygenation rates. In various studies in 
both animals and humans, it has been found 
that PP can reduce lung injury associated 
with mechanical ventilation (Figure 1). 

ARDS is characterised by disruption of the 
alveolar-capillary barrier, with an increase 
in its permeability, alveolar oedema, also 
associated with depletion of lung surfactant, 
leading to alveolar instability and alveolar 
collapse. Lung involvement is heteroge-
neous, with well-ventilated lung regions, 
which participate in gas exchange, and in 
other areas that are collapsed by pressure 
superimposed by interstitial and alveolar 
oedema, mechanisms that explain the 
decrease in lung volume in these patients, 
thus lower Vt requirements. PP allows these 
alveolar areas to be recruited, redistributing 
and homogenising ventilation, decreasing 
the intrapulmonary shunt, improving 
oxygenation, ventilation, and lung mechan-
ics. However, the degree of recruitment 
depends on factors such as the severity of 
the lung involvement, the pronation time, 
and the time elapsed from the lung injury 
to the pronation of the patient.

Patients with COVID-19 with moderate 
to severe ARDS seem to respond well to 
invasive ventilation in PP, which makes PP 
ventilation recommended in international 

Figure 1. Goals of protective mechanical ventilation and prone position
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guidelines for the treatment of COVID-19. 
This is corroborated in two meta-analyses and 
later in the PROSEVA trial, which showed a 
beneficial effect of PP in moderate to severe 
ARDS with an improvement in oxygenation 
and a reduction in mortality compared to the 
conventional supine position. PP is therefore 
one of three therapies that show a positive 
effect on ARDS mortality, with current volume 
reduction, and early use of neuromuscular 
blocking agents (NMBA). Its use in mild to 
moderate ARDS continues to be discussed, as 
well as the optimal duration of PP sessions. 
In the PROSEVA trial, they remained on 
average 17 hours in PP. A study conducted 
by Jochmans et al. (2020) showed that the 
beneficial physiological effects continued 
with even 16 hours of PP and 24 hours in 
some patients. 

The guide for the treatment of ARDS recom-
mended the use of PP for at least 16 hours a 
day in patients with moderate-severe ARDS 
with a PaO

2
/FiO

2
 ratio <150. The criteria 

for responding to mechanical ventilation 
in PP are an increase of 20% in PaO

2
/FiO

2
, 

10 mm Hg in PaO
2
, and 1 mm Hg decrease 

in PaCO
2
 at 4 hours after the manoeuvre. 

Trained personnel are required to perform 
the PP of a patient under mechanical venti-
lation as they can identify its risks and 
complications. A delay greater than three 
days to the pronation of a patient with 
ARDS does not confer any benefit, so this 
technique should be used before 12 to 
72 h of IMV, always based on its indica-
tions and contraindications (Table 2). It 
is suggested to keep patients in the supine 
position who, after having been pronated, 
can maintain a PaO

2
/FiO

2
 >150 after 4 

hours in this position.

Recruitment Manoeuvres
WHO strongly recommends not to routinely 
perform recruitment manoeuvres. They 
can be considered in case of hypoxaemia 
refractory to the previous strategies. To 

date, there is no described ideal form of 
alveolar recruitment. A strategy using a 
lung recruitment manoeuvre and titrated 
PEEP increased mortality of patients with 
moderate to severe ARDS (Biasi 2017).

Conclusion
Low Vt with prone ventilation is associated 
with the greatest reduction in mortality for 
critically ill adults with moderate to severe 
ARDS. Reproducible protective ventilation 
strategies must be carried out to obtain 
better outcomes (Sud and Mathews 2021).
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Table 2. Contraindications and complications of the prone position

Goal SpO
2
: 92-96% (PaO

2
 60-80 mm Hg)- Wait 5-10 mins before making modifications to the programmed 

PEEP regarding SpO
2
.

FiO
2

0.3 0.4 0.4 0.5 0.5 0.6 0.7 0.7 0.7 0.8 0.9 1

PEEP 5 5 8 8 10 10 10 12 14 14 15 15
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Table 1. Positive end-expiratory pressure (PEEP) in patients with severe ARDS

Contraindications

Absolute contraindications Relative contraindications

Intracranial hypertension Vertebral instability
Shock
Burns
Recent tracheal surgery

Complications

Transient desaturation, catheter removal, iatrogenic extubation, vomiting, facial and eye oedema, ischaemic neuropathy and 
ulcers on the face, knees and shoulders.
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