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Abstract
The novel coronavirus, which was declared a pandemic by the World Health Organization in early 2020 has brought with itself major morbidity and mortality. It has increased hospital occupancy, heralded economic turmoil, and the rapid transmission and community spread have added to the burden of the virus. Most of the patients are admitted to the intensive care unit (ICU) for acute hypoxic respiratory failure often secondary to acute respiratory distress syndrome (ARDS). Based on the limited data available, there have been different opinions about the respiratory mechanics of the ARDS caused by coronavirus disease 2019 (COVID-19). Our article provides an insight into COVID-19 pathophysiology and how it differs from typical ARDS. Based on these differences, our article explains the different approach to ventilation in COVID-19 ARDS compared to typical ARDS. We critically analyze the role of positive end-expiratory pressure (PEEP) and proning in the ICU patients. Through the limited data and clinical experience are available, we believe that early proning in COVID-19 patients improves oxygenation and optimal PEEP should be titrated based on individual lung compliance.
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Core Tip: Optimizing and titrating the positive end-expiratory pressure (PEEP) in acute respiratory distress syndrome (ARDS) patients has been studied widely in the critical care world. However, the ARDS caused by coronavirus disease 2019 (COVID-19) possesses a challenge due to relatively preserved compliance in the early phase of this disease and questions the guidelines which have been long established. Proning, though tedious and cumbersome, which has been traditionally proved to improve oxygenation and survival benefits in ARDS patients has been extensively applied in COVID-19 patients. This article critically analyzes the role of PEEP and proning in COVID-19 patients.

INTRODUCTION
As of February 2021, coronavirus disease 2019 (COVID-19) has accounted for over 3 million deaths worldwide and over 500000 deaths in the United States alone according to the World Health Organization[1]. In a study done in New York City, including 5700 hospitalized COVID-19 patients, 14.2% of patients required intensive care unit (ICU), and 90% of the patient admitted to the ICU were mechanically ventilated[2]. In a small study done with 245 patients, 20% of hospitalized COVID-19 patients were triaged to the ICU secondary to worsening respiratory failure and acute respiratory distress syndrome (ARDS)[3]. Timing of intubation has been a matter of debate for years but given the pandemic, it is more important now than ever to evaluate the risk and benefits associated with early or late intubation. While the early intubation strategy was used in the earlier phases of the pandemic, it was found that early intubation is associated with higher mortality, and the decision to mechanically ventilate the patient should be made cautiously for each patient[4]. Given the high burden of the ICU admission and mechanical ventilation associated with COVID-19 infection, it is imperative to understand the underlying respiratory mechanics related to ARDS and to critically review the application of traditional ventilation management on this novel disease. 
ARDS is defined as new or worsening non-cardiogenic respiratory failure with PaO2 to FiO2 ratio less than 300 and presence of bilateral infiltrates on the imaging occurring within 1 wk of original clinical insult as mentioned in Table 1. ARDS severity can be further categorized based on the PaO2/FiO2 ratio (P/F ratio), where severity is significantly associated with mortality as shown in Table 2[5].
The basic etiology for ARDS includes non-cardiogenic pulmonary edema, shunt-related hypoxemia, and reduced aeration of lungs thus contributing to decreased lung compliance. Management of ARDS as outlined by ARDSnet protocol includes low tidal volume, optimizing PEEP for plateau pressure less than 30, prone positioning[6]. 
Optimizing PEEP by titrating it, increases pressure at the end of expiration and keeps the damaged alveoli open to facilitate ventilation. Low tidal volume decreases transpulmonary pressure and decreases the risk for ventilator-induced lung injury. Some studies have shown driving pressure as a predictor of mortality in ARDS patients[7]. Driving pressure is measured by subtracting the PEEP from the plateau pressure, which can also be expressed as the ratio of tidal volume and respiratory system compliance. Prone positioning enhances oxygen saturation by improving the ventilation-perfusion ratio by redistributing the blood flow to the better-ventilated lung units. 

COVID-19 PATHOPHYSIOLOGY
The SARS-CoV-2 is an enveloped, positive-stranded RNA virus. The virus has a great affinity for human angiotensin-converting enzyme (ACE)-2 receptors, which are expressed mainly on Type II pneumocytes but also upper respiratory tract epithelial cells, vascular endothelium, and small intestine enterocytes. Viral infection results in excessive immune response leading to a cytokine storm and thus resulting in systemic inflammatory syndrome and multiorgan failure. It is also believed that viral infection also results in endothelial dysfunction, increased thrombin formation, thus stimulating a hypercoagulable state and thrombosis. This in turn causes thrombosis of the pulmonary vasculature, leading to hypoxic respiratory failure. The exact pathophysiology is yet to be described[8].
Histopathological study of lungs affected by SARS-CoV-2 as compared to H1N1 and SARS provides further insight into the pathophysiology underlying this disease. Histopathologically, acute lung injury includes diffuse alveolar damage (DAD), acute fibrinous and organizing pneumonia (AFOP), and organizing pneumonia (OP).
Diffuse alveolar damage is the most common pattern seen in typical ARDS patients, which is the most severe form of acute lung injury. It is caused by alveolar and endothelial cell damage causing fluid and cellular exudation and disruption of the blood-air barrier. DAD is divided into three phases: (1) Acute exudative phase: It occurs within 1 wk of the injury. It is characterized by damage to the alveolar wall causing hyaline membrane formation, edema, and alveolar membrane thickening. Vascular thrombosis and microthrombi are also frequently seen in DAD, even in absence of a systemic hypercoagulable state as a result of local inflammation. Angiographic studies done on typical ARDS patients have also shown the presence of thrombosis in its early phase. Chest imaging within 24 h to 48 h may be normal. Computed-tomography (CT) of the chest in acute phase of ARDS after 48 h commonly shows bilateral diffused patchy opacity with ventro-dorsal gradient of density predominant in dependent area (Figure 1A)[9]. Bilateral ground-glass opacity (Figure 1B) and crazy paving pattern can also be found in early phase (Figure 1C); (2) Subacute organizing phase or proliferative phase: It occurs 1 wk after the initial pulmonary injury and is characterized by fibrin organization, fibroblast migration, and collagen secretion. intra-alveolar hyaline membrane gets organized into fibrotic tissue. Reactive atypical changes in type II pneumocytes and squamous metaplasia is also noted. Some DAD resolves after this phase, whereas others progress to the chronic fibrotic phase. Diffuse coarse reticular opacity can be found on chest imaging in this phase (Figure 2A)[9]; and (3) Chronic fibrotic phase: It occurs weeks to months after the initial injury and is characterized by progressive architectural remodeling and interstitial fibrosis. CT chest typically reveals persistent ground-glass densities and coarse reticulations (Figure 2B)[9]. DAD is considered as the pathognomonic histological feature of ARDS. It can be present in isolation or in combination with AFOP and/or OP. 
AFOP is characterized by fibrin balls in alveoli with organization caused by fibroblast migration and collagen secretion. It can be seen along with DAD. OP can also be seen either in isolation or with DAD or AFOP. It is characterized by intraluminal tufts of fibroblasts and immature collagen tissue in alveolar ducts and distal airspaces.
A study showed that early SARS-CoV-2 is associated with diffuse alveolar damage characterized by vascular congestion, intra-alveolar edema, patchy inflammatory cellular infiltration but hyaline membrane formation is not prominent. Hyaline thrombi were found in the blood vessels. Whereas late stage of SARS-CoV-2 infection has a combination of diffuse alveolar damage and microvascular damages resulting in fibrinous exudation characteristic of AFOP[10]. 
A study was conducted to find the difference in lung histopathology in patients affected by SARS, 2009-H1N1 Influenza and SARS-CoV-2. It revealed that the early phase of ARDS affecting the lungs including DAD, AFOP, organizing fibrosis, end-stage fibrosis, and superimposed pneumonia are equally distributed amongst the three causative factors. However, microthrombi and pulmonary thrombosis are more commonly seen in lungs affected by SARS and SARS-CoV-2 viruses as shown in Table 3[11].  

COVID-19 PHENOTYPES
Though COVID-19 meets the ARDS criteria based on the Berlin definition, it differs in the way that COVID ARDS has severe hypoxemia with near-normal respiratory system compliance. Gattinoni et al[12] postulated the different phenotypes of COVID pneumonia requiring different approaches to the management. 
COVID ARDS can be divided into early phase L type pneumonia and late phase H type pneumonia: (1) L type is characterized by low-weight lungs with low elastance and preserved compliance. These lungs have low recruitability as the amount of non-aerated lung is less. These patients are characterized to be less dyspneic with near-normal compliance. Gattinoni postulated the hypothesis of pulmonary vasoplegia causing hypoxemia. However, various other theories are postulated including damage to the ACE-2 receptors and upregulation of ACE-1 receptors resulting in uneven pulmonary vasoconstriction and hypoxemia; (2) H type is characterized by high weight lungs with high elastance and decreased compliance. These lungs have increased recruitability due to extensively collapsed lungs. These patients fit into the characteristic feature of ARDS. Hypoxemia is caused by systemic inflammatory syndrome causing alveolar damage.
These phenotypes are a topic of debate as many scholars postulate that these phenotypes are a mere progression of ARDS in which L type is consistent with mild ARDS and H type is consistent with severe ARDS. Gattinoni described these phenotypes based on the study of 16 patients with COVID-19 showing significantly normal compliance and increased shunt fraction compared to typical ARDS patients. However, there have been multiple follow-up studies showing the presence of similar mechanics in the typical ARDS patients with near-normal respiratory system compliance in mild ARDS[13]. The study done in New York amongst 257 patients showed that the baseline respiratory mechanics was comparable to the typical ARDS patients. Per the study, 25% of the patients enrolled did have compliance greater than 38 mL/cm H2O, however, such heterogeneity is also seen in typical ARDS patients[13]. Lower compliance in COVID ARDS has also been seen in smaller studies from Seattle and Boston with median compliances of 29 and 35 respectively[14,15]. Another study showed the heterogeneity amongst compliance and dissociation between respiratory compliance system and hypoxemia in non-COVID ARDS patients. Amongst 1117 ARDS patients, one out of eight patients had preserved compliance whereas three out of four patients had poor respiratory compliance. The study showed that of the patients with preserved compliance, 43% had moderate to severe ARDS with P/F ratio < 150. It also showed an increase in mortality associated with patients with lower respiratory compliance[16]. Thus, the different phenotypes proposed by Gattinoni et al[12] requires further investigation to know whether it is characteristic of typical ARDS or is mainly applicable to COVID ARDS. 
While as per Gattinoni et al[12], silent hypoxemia is caused by near-normal respiratory compliance, Tobin et al[17] believe that silent hypoxemia is secondary to underlying following physiological mechanisms.
Per Tobin et al[17], dyspnea is caused by stimulation of respiratory centers which are oversensitive to PaCO2 whereas a decrease in PaO2 from 90 mmHg to 60 mmHg results in no stimulation, and also a drop in PaO2 less than 60 mmHg results in dyspnea in only half of the subjects. Thus, response to hypoxia is influenced by PaCO2. Studies have shown blunted response to hypoxia in elderly and diabetic patients. 
The shift of oxygen dissociation curve brought in by increased temperature seen in COVID-19 patients results in a decreased level of saturation even at higher PaO2. Given the carotid bodies are sensitive to PaO2 and not oxygen saturation, the chemoreceptors are not activated, resulting in silent hypoxia. Oxygen saturation measured by pulse oximetry is less reliable once saturation drops below 80%, and the true saturation measured by arterial-blood gas could be 10% higher than that measured by pulse oximetry. 
Thus, given the differing thoughts for the underlying physiology, the management approach of the two experts differs widely as shown in Table 4[18,19]. While Gattinoni et al[12] believes in early intubation and mechanical ventilation to prevent patient-self-induced lung injury, Tobin et al[17] believe intubation is a rescue maneuver reserved for hypoxic patients in severe respiratory distress. 

ROLE OF PEEP IN COVID-19 ARDS
PEEP applies pressure to the lung during exhalation, thereby, decreasing atelectasis and improving ventilation-perfusion (VQ) mismatch. In general, patients are typically maintained at the PEEP of 5 because it is thought to mimic physiological conditions. PEEP is titrated based on driving pressure and the PEEP-FiO2 table provided by ARDSnetwork guidelines[20]. If a patient requires higher FiO2, increasing the PEEP further improves the oxygen saturation and thereby, allows to lower the FiO2 to safer levels (< 0.60). PEEP can also be titrated by measuring transpulmonary pressure with the help of esophageal manometry or by studying the pressure-flow curve on the ventilator[21].
Optimal PEEP is PEEP that maximizes potential benefit (better oxygenation and less atelectrauma) and minimizes potential harm (hemodynamic compromise, volutrauma, and increased dead space). Excessive PEEP can decrease venous return and thus, reducing cardiac output and resulting in hemodynamic compromise. It can also increase volutrauma if excessive PEEP is applied and theoretically can cause VQ mismatch by creating physiologic dead space by improving ventilation and decreased perfusion. Thus, optimal PEEP is essential in managing ventilation in patients with acute respiratory distress syndrome[22]. 

Higher PEEP does not significantly improve the oxygen in all hypoxic patients. Presumably, PEEP helps only if there are atelectatic lung units that can be recruited. Studies in typical ARDS have also shown that increasing the PEEP in “non-recruitable” lungs results in a further decrease in P/F ratio whereas, in patients with “recruitable” lungs results in improving oxygenation.
Multiple small studies are available that discuss the effects of higher vs lower PEEP on oxygenation and compliance in COVID patients. A study of 14 mechanically ventilated patients showed that a decrease in PEEP resulted in an increase in lung compliance and a decrease in dead space ventilation in 13 out of 14 patients whereas in 1 patient it showed an increase in respiratory compliance with an increase in PEEP[23]. Another study done in Greece including 17 mechanically ventilated patients within 2-3 d of intubation, showed a decrease in PEEP by 25%-30% increasing the respiratory compliance and a decrease in hypercapnia with no change in P/F ratio[24]. A study matched 30 patients of COVID ARDS with typical ARDS patients and showed the difference in respiratory mechanics at PEEP of 5 and 15. There was a significant increase in the P/F ratio with an increase in PEEP in both COVID ARDS and typical ARDS with no significant change in compliance at either of the PEEP level. In COVID-19 patients, lung recruitment was independent of the oxygenation and respiratory mechanic changes due to PEEP[25]. Some studies used recruitment to inflation ratio (R/I) which is defined as the ratio between the compliance of recruited lung to that of the respiratory system, as a measure of recruitability. R/I ratio of > 0.5 suggested more potential for lung recruitment with respect to lung inflation. In a small study involving 12 mechanically ventilated patients, lower PEEP was used in poorly recruitable lungs whereas higher PEEP was applied to patients with highly recruitable lungs, however, the difference in respiratory mechanics with different values of PEEP was not studied further[26]. Beloncle et al[26] in a study of 25 patients divided into highly and poorly recruitable lungs based on R/I ratio showed there was no difference in respiratory compliance at PEEP of 5 cm and 15 cm/H2O in both the group of patients, whereas the recruited lung volume was significantly higher at PEEP of 15 compared to a PEEP of 5 in patients with highly recruitable lungs compared to those with poor recruitability. The study also revealed that the P/F ratio was significantly higher at PEEP of 15 cm/H2O in patients with higher recruitability as compared to a PEEP of 5, however, no difference in the P/F ratio with a change in PEEP was noticed in the lower recruitability group[27]. In a small study with 19 typical ARDS patients (non-COVID), 9 patients were recruitable where oxygenation improved with high PEEP, whereas the other 10 patients did not show significant improvement in oxygen saturation with high PEEP[28]. Similar findings with the heterogeneity in the respiratory system compliance have been found in the COVID ARDS, though the presence of higher compliance is seen more in COVID ARDS which might be consistent with mild ARDS. 
Thus, we believe that COVID ARDS though has higher compliance, PEEP should be optimized and individualized for each patient based on titration according to FiO2 or esophageal manometry.

ROLE OF PRONING IN COVID ARDS
Effects of proning
Mechanisms by which proning improves oxygenation are still debated. In ARDS patients, dorsal lung units are involved more with relative sparing of ventral lung units. However, due to gravitational force, perfusion is better in the dorsal lung units compared to the ventral units. Proning helps redistribution of the blood flow, thus causing the well-aerated ventral units to have more perfusion[29]. Similarly, proning also improves ventilation in the dorsal lung units, thus improving ventilation-perfusion match. Proning also encourages the drainage of secretion from the lungs. Though proning improves oxygenation, its effect tends to decrease over time and not all patients respond to proning. Traditionally, in ARDS, proning has been shown to improve oxygenation in multiple studies, however, only the PROSEVA trial has shown survival benefits[30]. PROSEVA study included ARDS patients with a P/F ratio < 150, who were prone for >16 h/d for an average of 4 d. Study showed 16% mortality with prone positioning compared to 33% mortality in supine positioning (P value < 0.001).

Evidence of proning in COVID-19
In hypoxic respiratory failure caused by COVID-19, proning has been extensively applied in both non-intubated awake patients and intubated patients[31]. Though many studies are available, the sample size of each study is very limited[32]. Multiple studies showed that early proning in non-intubated awake patients improves oxygenation and results in the prevention of intubation. A study revealed that early awake proning combined with high flow nasal cannula in 10 COVID-19 patients in China resulted in the prevention of intubation[33], though the study is limited by the sample size. At baseline, these patients' PF ratio varied from 89 to 200, thus, having a varied spectrum of diseased patients, and patients were prone for 16 h/d or less as tolerated. After prone positioning, median PaCO2 increased slightly whereas P/F ratio was significantly elevated[32]. Another study showed that early proning in non-intubated patients improves oxygen saturation and decreases respiratory rate. This study also showed a 90-d mortality benefit in prone patients compared to patients who were not prone amongst 60 patients with severe hypoxia secondary to COVID infection[34]. Various other studies including non-intubated, awake patients showed improvement in oxygenation and improved respiratory comfort. Caputo et al[34] revealed that self proning improved oxygen saturation from 84% to 94% in all 50 ED patients included and avoided intubation in 76% of the patients. The remaining 24% of patients showed no significant improvement in oxygenation and required intubation within 24 h of admission[35]. Elharrar et al[35], included 24 awake, non-intubated patients, of which only 63% tolerated proning for > 3 h and of which improvement of oxygenation was seen in 25% of the patients, but oxygenation returned to baseline on supination[36]. In Italy, Sartini et al[36] showed that in 15 non-intubated, awake patients on non-invasive ventilation, early proning showed significant improvement in oxygenation during pronation whereas 80% had sustained improvement even after pronation, whereas 6% worsened after pronation. All the patients had a significant decrease in respiratory rate both during and after pronation[37]. Coppo et al[37] revealed that of 56 included patients, 47 patients could tolerate proning, of which all the patients had significant improvement in oxygenation immediately after proning whereas improved oxygenation was maintained in only 50% of patients after resupination[38]. A few of the relevant studies are shown in Table 5.
Thus, all the studies did show the improvement in oxygenation, however, are limited by the sample size and not all studies showed whether the improvement in oxygenation was sustained. Evidence for the effect on long-term outcomes and endpoints, such as mortality and rate of intubation is lacking. The conclusion is made mainly from case series and case reports, rather than clinical trials. Thus, the low quality of evidence available in support of awake proning needs to be critically analyzed and further researched. 
Amongst the ventilated patients with typical and COVID-19 ARDS, proning has been shown to improve oxygenation. Of the 42 intubated patients of COVID-19 ARDS, proning showed initial improvement in oxygenation and P/F ratio. Mortality amongst these patients was 21.4% similar to the PROSEVA study[39]. In another study, among 31 patients who underwent prone ventilation, the P/F ratio increased from a median of 150 mmHg in the supine position to 232 mmHg in the prone position and compliance increased from 33 cm/H2O to 36 cm/H2O. The P/F ratio and compliance were maintained 72 h after initial prone ventilation[15]. In the earlier studies done in China, early prone ventilation amongst 29 patients was significantly associated with improved prognosis and improved oxygenation after 7 d of proning[40].

Adverse effects of proning
Proning is not without its complication. Venous stasis can lead to facial and ocular edema, whereas arm extension can lead to brachial plexus neuropathy[41]. Pressure ulcers and pressure necrosis are also common in prone positioning. Thus, additional support should be applied at pressure points such as shoulder, face, and anterior pelvis and frequent repositioning are necessary. Mechanical complications such as device displacement, including dislodging of the endotracheal tube and central lines are also commonly seen in the prone position. In some patients, hemodynamic compromise or oxygen desaturation may also occur. A Specialized prone team consisting of 3-5 members should be employed in each hospital and special attention should be paid to the endotracheal tube and central lines. 
Though proning has been shown to improve oxygenation in each study, the technical difficulties associated with it are cumbersome. In the event of a cardiac arrest in a prone patient, even with the help of the expert team, it takes at least 5 min to resupinate the patient and with the risk of displacement of the endotracheal tube. Disconnection of the central lines and injury to staff and/or patients can occur. Prone cardiopulmonary resuscitation (CPR) has been used previously in neurosurgical patients where turning the patients would result in neural damage. During prone CPR, chest compressions are applied over the scapula or thoracic spine with or without counter-pressure on the sternum. Defibrillation can also be done by placing the defibrillator pads on specific locations among the prone patients[42]. Newer methods to do prone CPR, echocardiogram, central line placement have been adopted to accommodate proning as a therapeutic intervention. In our clinical experience, even bronchoscopy can be done in the prone positioning.

Contraindications of proning
Proning is contraindicated in patients with a spinal fracture, whereas it is relatively contraindicated in patients with long bone fractures, increased intracranial pressure, and an open abdomen. Massive obesity should not be considered as a contraindication[43]

LIMITATION
This review is limited by the small number of studies available to provide adequate evidence. Sample size of all these studies is also very small, limiting our conclusion. Thus, we encourage large randomized study to help provide more concrete information on approaching the ventilation for COVID-19 patients. 

CONCLUSION
For patients suffering from COVID-19, early proning is an inexpensive therapeutic intervention to improve oxygenation. In patients with ARDS secondary to COVID-19, PEEP should be titrated individually based on the compliance of the respiratory system and proning should still be encouraged given drastic improvement in oxygenation. Further randomized clinical trials are suggested among the COVID patients to address these important clinical issues.
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Figure 1 Computed tomography of the chest in acute exudative phase of acute respiratory distress syndrome in coronavirus disease 2019 patients. A: Bilateral diffused patchy density with ventro-dorsal gradient of density; B: Bilateral ground-glass opacity; C: Crazy-paving pattern.
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Figure 2 Computed tomography of the chest proliferative and fibrotic phase. A: Bilateral reticulations in proliferative phase; B: Bilateral fibrotic change in fibrotic phase.

Table 1 Acute respiratory distress syndrome definition
	ARDS definition

	Onset
	Within 1 wk of a known clinical insult or new or worsening respiratory symptoms

	Chest imaging
	Bilateral opacities – not fully explained by effusions, lobar/lung collapse, or nodules on either Chest X-ray or computed X-ray tomography scan

	Origin of edema
	Respiratory failure not fully explained by heart failure or fluid overload; Need objective assessment (e.g., echocardiogram) to exclude hydrostatic edema if no risk factors present

	Oxygenation
	PaO2/FiO2 ratio < 300 with PEEP > 5 cm/H2O


ARDS: Acute respiratory distress syndrome; PEEP: Positive end-expiratory pressure.

Table 2 Acute respiratory distress syndrome severity and associated mortality
	PaO2/FiO2 ratio (with PEEP > 5cm/H2O)
	ARDS severity
	Mortality (95%CI)

	200-300
	Mild
	27% (24-30)

	100-200
	Moderate
	32% (29-34)

	< 100
	Severe
	45% (42-48)


PEEP: Positive end-expiratory pressure; ARDS: Acute respiratory distress syndrome; CI: Confidence interval.

Table 3 Histopathological features of 2009 H1N1, severe acute respiratory syndrome and severe acute respiratory syndrome coronavirus 2
	Virus
	Number of patients
	Diffuse alveolar damage, n (%)
	AFOP, n (%)
	Organizing fibrosis, n (%)
	End-stage fibrosis, n (%)
	Superimposed pneumonia, n (%)
	Microthrombi, n (%)
	Pulmonary thrombosis, n (%)

	2009 H1N1
	287
	90
	0.30
	40
	3
	30
	24
	6

	SARS
	64
	98
	9
	47
	6
	31
	58
	28

	SARS-CoV-2
	171
	88
	4
	52
	1
	32
	57
	15


AFOP: Acute fibrinous and organizing pneumonia; SARS: Severe acute respiratory syndrome; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2.

Table 4 Different views of Gattinoni et al[12] and Tobin et al[17]
	Gattinoni et al[12]
	Tobin et al[17]

	Silent hypoxemia is caused by vasoplegia which increases the respiratory drive and increases the tidal volume, causing negative intrathoracic pressure. Dyspnea is not endorsed in the setting of near-normal respiratory compliance
	Silent hypoxemia is caused by underlying physiologic mechanism such as fever causing right shift of oxygen dissociation curve, unreliability of pulse oximeter at SaO2 < 80% and decreased chemoreceptor response to PaO2 < 60 mmHg with normocapnia

	Increased tidal volume causing progressive increase in negative intrathoracic pressure results in P-SILI
	P-SILI needs further research and increase in tidal volume is not associated with requiring intubation, whereas, underlying critical condition leads to intubation

	Esophageal manometric measurement of work of breathing is crucial to determine the inspiratory efforts of the patient. Esophageal pressure > 15 is associated with increased risk of lung injury and patient should be intubated as early as possible
	No data available to support the arbitrary measurement of esophageal pressure as an indication of intubation. Also, insertion of esophageal balloon in dyspneic COVID-19 patients increases the risk for intubation

	Early intubation is advised along with esophageal manometric measurement of work of breathing
	Less liberal use of intubation and mechanical ventilation. Should be used when hypoxia is accompanied with increased work of breathing and severe respiratory distress

	Spontaneous breathing trials should be implemented only at the end of the weaning process as strong spontaneous efforts raise oxygen demand, edema and P-SILI
	Weaning and spontaneous breathing trial should be initiated as early as 24 h after initial intubation


P-SILI: Patient-self-induced lung injury; COVID-19: Coronavirus disease 2019.

Table 5 Studies on awake proning in coronavirus disease 2019
	Ref.
	Study sample
	Percentage of patients prone, n (%)
	Improvement in oxygenation amongst prone (percentage of patients), n (%)

	Caputo et al[34]
	50
	100 (50)
	76

	Elharrar et al[35]
	24
	63 (15)
	25

	Sartini et al[36]
	15
	100 (15)
	80

	Xu et al[32]
	10
	100 (10)
	100

	Coppo et al[37]
	56
	84 (47)
	100



image1.png




image2.png




