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With the advent of human corona virus 2019 (Covid-19) disease, which fatally destroys patients’ lungs and causes respiratory failure; 
artificial ventilation strategies in patients with Covid-19-induced respiratory failure received more attention [1]. Management of respira-
tory failure and refractory hypoxemia due to Covid-19 infection propounds significant clinical challenges. Despite the large number of pa-
tients whom get infected by Covid-19, data on effective treatment strategies with artificial ventilation are limited and the optimal adjust-
ment of mechanical ventilator modes and parameters remains controversial. It seems the heterogeneity, difference in severity of illness 
and diversity of the nature of severe acute respiratory syndrome corona virus 2 (SARS- CoV2) is the main reasons for this differences [1,2].

Data in mechanically ventilated patients with Covid-19 indicate that the respiratory mechanics and ventilation parameters are similar 
to those reported for classical acute respiratory distress syndrome (ARDS) however; when conventional mechanical ventilation methods 
do not succeed in achieving the goals of oxygen supply and adequate ventilation, alternative ventilation methods should be used [1-3].

We evaluated physiological changes in patients with severe secondary acute respiratory distress syndrome due to Covid-19 and devel-
oped a method for refractory hypoxemia management based on mechanical ventilation using airway pressure release ventilation mode 
(APRV).

Lung ventilation with a medium tidal volume (6 - 8 ml/kg) is currently considered the standard of care in mechanical ventilation and 
traditionally volume control with a pressure-limiting mood has been used to treat ARDS, but clinical experiences have been show that 
pressure control modes and other advanced modes in mechanical ventilation can be used to treat ARDS and have similar results [3,4].

Lung protection method includes low tidal volume and PEEP to minimize alveolar sheering stress and cyclic atelectrauma used in pa-
tients who suffer from conventional ARDS. Open lung strategy is a special approach in artificial ventilation that can be applied in several 
modes of mechanical ventilation. For the open lung strategy, we use the recruitment maneuver, which is a deliberate process to transiently 
increase pulmonary pressure above the values used during conventional mechanical ventilation, whose primary purpose is to open un-
stable distal airways and collapse alveoli. we replace lung protection strategy with an open lung strategy that applies low driving pressure 
to ensure low tidal volume base on patient effort, recruitment maneuver, inspiration to expiration time inverse ratio and high PEEP when 
use Airway pressure release ventilation (APRV) mode in the management of SARS CoV 2 ventilation [3,5,6].

The cause of hypoxemia in SARS- CoV 2 is not fully understood. Several mechanisms have been suggested, including intravascular 
thrombosis, increased dead space ventilation, hypoxic pulmonary vasoconstriction, massive alveolar collapse, intrapulmonary shunting 
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and perfusion-ventilation mismatch. The formation of microvascular thrombosis and Pulmonary alveolar filling with cytokines, inflam-
matory mediators, and lymphocytes; appears to play an important role in the pathogenesis of SARS-CoV 2 [6,7].

In patients with SARS- CoV 2, cyclic alveolar closure and excessive dilatation during mechanical ventilation may induced alveolar 
shearer stress which lead to perpetuate alveolar injury and restructuring. Open lung strategy is used to prevent alveolar shearer stress, 
which is the minimum tidal volume base on patient effort on high airway pressure that provides alveolar ventilation appropriate to the 
body’s metabolism. It is based on maintaining low inspiratory driving pressures according to patient effort, with lower tidal volumes 
versus and preferential use of limited airway pressure over regulation, with the simultaneous circumvention of alveolar collapse through 
the use of appropriate positive end-expiratory pressures (PEEP) above the lower inflection point on the static pressure–volume curve of 
the respiratory system [3,5,6].

There is a tendency in the SARS- CoV 2 for alveolar collapse, so these avioles must be re-opened and somehow kept open. Ventila-
tion spaces in SARS-CoV 2 are filling and closing by inflammatory mediators and the physician must reuse these inflamed and infiltrated 
alveolar spaces for re-ventilation, which is called a recruitment maneuver. Experimental data suggest that atelectrauma is prominent in 
SARS- CoV 2 and atelectrauma may be mitigated by recruitment maneuvers. We refer to recruitment maneuvers as Open lung strategy 
(OLS) [5-7].

PEEP is an essential component of SARS- CoV 2 management. The effective level of PEEP ultimately reflects the balance between 
regions with excessive traction and regional unemployment. Using PEEP in open lung strategy keeps the open alveoli open. It improves 
hypoxemia and reduces intrapulmonary shunting, and these effects have been the basis for determining PEEP in clinical practice [5-7].

APRV has many attractive features applicable of SARS Cov 2 treatment, such as minimizing ventilator-induced lung injury (VILI) us-
ing lung protective strategies and alveolar recruitment as open lung strategy. It is an open lung mode of invasive mechanical ventilation 
mode in which spontaneous breathing is encouraged [4-6]. APRV uses a longer inhalation time. This leads to an increase in mean airway 
pressure aimed at reusing the collapsing alveoli, which improves oxygen delivery. The key is a dynamic exhalation valve in the circuit that 
allowed it to breathe spontaneously in large volumes and regulated pressure of the lungs. Hypoventilation and hypercapnia are known 
consequences of APRV [5,6].

We conducted a retrospective observational statistical descriptive study over 16 months. We applied APRV as an open lung strategy 
in critically ill SARS-Cov2 patients under mechanical ventilation from May 2020 to September 2021 on 64 patients admitted in Intensive 
care unit. Our mechanical ventilator parameter was an elevated bilevel (Ins/Expiratory) pressure with timed pressure releases (instead 
of PEEP), patients spontaneous breathing which supported by pressure (Provides respiratory tidal volume with lung protection strategy), 
inverse in to expiration ratio. This ventilator mode was used intermittently with the P/V SIMV mode. Our hospital mortality rate (48 pa-
tients, 75%) was slightly higher than other reports [8]. Age and diabetes were identified as independent risk factors for in-hospital mor-
tality. The duration of symptoms until medication was effective in the outcome of the patients. The number of days before ICU admission, 
mental disorder, thyroid and kidney disease were assessed as potential risk factors for subsequent complications like similar reports [8]. 
Our main complication was subcutaneous emphysema.

Based on our performance, we believe that APRV mechanical ventilation as an open lung strategy can be considered as an acceptable 
management in SARS-CoV 2 ventilation.

Acknowledgments 
The authors would like to thank their colleagues in the Intensive Care Unit of Sina Hospital of Tehran University of Medical Sciences 

and Shahid Sayad Shirazi University Hospital of Golestan University of Medical Sciences (GoUMS) for their cooperation.

Declaration of Conflicting Interests
The authors declared no potential conflicts of interest with respect to the research, authorship and publication of this article.



Citation: Ali Jabbari., et al. “Airway Pressure Release Ventilation as an Open Lung Strategy in SARS-Cov2 Patients Under Mechanical 
Ventilation”. EC Pulmonology and Respiratory Medicine 10.12 (2021): 35-37.

37

Airway Pressure Release Ventilation as an Open Lung Strategy in SARS-Cov2 Patients Under Mechanical Ventilation

Bibliography

1. Grasselli G., et al. “Mechanical ventilation parameters in critically ill COVID-19 patients: a scoping review”. Critical Care 25 (2021): 
115.

2. Grasselli G., et al. “Baseline characteristics and outcomes of 1591 patients infected with SARS-CoV-2 admitted to ICUs of the Lom-
bardy region, Italy”. JAMA 323.16 (2020): 1574-1581.

3. Jabbari A., et al. “Lung protection strategy as an effective treatment in ARDS”. Caspian Journal of Internal Medicine 4.1 (2012): 560-
563.

4. Jabbari A and Alijanpour E. “Mechanical Ventilation and Ventilator Induced Lung Injury”. EC Pulmonology and Respiratory Medicine 
8.8 (2019): 691-692. 

5. Kacmarek RM., et al. “Open Lung Approach for the Acute Respiratory Distress Syndrome: A Pilot, Randomized Controlled Trial”. Criti-
cal Care Medicine 44.1 (2016): 32-42. 

6. Meade MO., et al. “Ventilation strategy using low tidal volumes, recruitment maneuvers, and high positive end-expiratory pressure for 
acute lung injury and acute respiratory distress syndrome: a randomized controlled trial”. JAMA 299.6 (2008): 637-645.

7. Dhont S., et al. “The pathophysiology of happy hypoxemia in COVID-19”. Respiratory Research 21.1 (2020): 198.

8. Arentz M., et al. “Characteristics and outcomes of 21 critically ill patients with COVID-19 in Washington State”. JAMA 323.16 (2020): 
1612-1614.

Volume 10 Issue 12 December 2021
©All rights reserved by Ali Jabbari., et al.

https://ccforum.biomedcentral.com/articles/10.1186/s13054-021-03536-2
https://ccforum.biomedcentral.com/articles/10.1186/s13054-021-03536-2
https://pubmed.ncbi.nlm.nih.gov/32250385/
https://pubmed.ncbi.nlm.nih.gov/32250385/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3762235/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3762235/
https://pubmed.ncbi.nlm.nih.gov/26672923/
https://pubmed.ncbi.nlm.nih.gov/26672923/
https://pubmed.ncbi.nlm.nih.gov/18270352/
https://pubmed.ncbi.nlm.nih.gov/18270352/
https://respiratory-research.biomedcentral.com/articles/10.1186/s12931-020-01462-5
https://pubmed.ncbi.nlm.nih.gov/32191259/
https://pubmed.ncbi.nlm.nih.gov/32191259/

