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Timing of the use of invasive mechanical ventilation and the utility of CPAP (and other 
techniques) to avoid mechanical ventilation in the setting of COVID-19, and their relation 
to outcomes. 
 
 
QUESTION 
Given the high mortality of ventilated COVID-19 patients, are there strategies that could be 
used to manage deteriorating patients to avoid or delay the need for mechanical ventilation 
and improve mortality? 
 
 
BACKGROUND 
The most common and severe complication in patients with COVID-19 is acute hypoxemic 
respiratory failure or acute respiratory distress syndrome (ARDS), requiring oxygen and 
ventilation therapies.1 Various strategies exist for the management of these clinical 
syndromes. Identifying the optimal management strategy that reduces mortality and 
morbidity from COVID-19 is vital. 
 
 
EVIDENCE 
 
Need for mechanical ventilation 
Invasive ventilation via an endotracheal tube was performed in 2.3% of the 1,099 patients 
with confirmed COVID-19  in China,2 in 47% of the 36 patients admitted to the ICU in a hospital 
in Wuhan,3 and in 42% of the 52 patients admitted to the ICU in another hospital in Wuhan.1 
Meng et al estimated that 3.2% (2,583 of 79,824) patients with COVID-19 in China received 
intubation and invasive ventilation.4 Two thirds (132) of covid-19 patients who required 
critical care in the UK had mechanical ventilation within 24 hours of admission.5 
 
Mortality of mechanically ventilated patients with COVID-19 in ICU 
Mortality of mechanically ventilated CU Covid-19 patients is reported to be high. A recent 
report showed a mortality rate of 61.5% in patients who were admitted to the ICU.1  Another 
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large series described a mortality rate of 49% among critically ill patients in China.6 Two 
additional small series report mortality rates of 97% (32/33) and 50 % (12/21) respectively.7,8 
A more recent report from the Intensive Care National Audit and Research Center (ICNARC) 
in the UK reported on 3883 patients of whom 871 died, 818 were discharged alive, and 2194 
patients were last reported as still receiving critical care, resulting in a mortality of 51.7% 
(871/1689).9 Among 1581 Italian patients with ICU disposition data available, 920 patients 
were still in the ICU, 256 were discharged from the ICU, and 405 had died in the ICU with a 
mortality of 61.3% (405/661).10 In a recent series from New York, mortality for those requiring 
mechanical ventilation was 88.1% (282/320).11 
 
 
COVID-19 ICU mortality compared to other pathologies 
The initial description of the pathology for the critically ill COVID-19 in ICU was deemed to be 
similar to acute respiratory distress syndrome (ARDS). A recent description of mortality from 
ARDS across 50 countries showed that mortality varied according to severity of the condition 
as follows: mild ARDS was 34.9%(95%CI, 31.4%-38.5%); moderate ARDS was 40.3%(95%CI, 
37.4%-43.3%) and severe ARDS was 46.1%(95%CI, 41.9%-50.4%).12 Overall, the ICU mortality 
seems to be higher than that of ARDS from other causes.  
 
Comparisons have also been made between critical care mortality with COVID-19 and other 
viral pneumonias. The ICNARC data demonstrates that ICU mortality due to COVID-19 (51.7% 
- 871/1689) was significantly higher than that from non-COVID-19 pneumonia in patients 
from 2017-2019 (22% - 1183/4184).9 In the same analysis, stratification of patient outcome 
as per level of respiratory support received also demonstrated significantly higher mortalities 
for the COVID-19 group. Mortalities were 19.4% v 11.3% when basic respiratory support was 
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use, and 66.3% v 35.1% when advanced respiratory support was used. Overall, mortality 
seems to be worse with COVID-19 in comparison to other viral pneumonias. 
 
 
Previous ventilatory management approach 
As part of the earlier management strategy for COVID-19 patients, the Chinese Society of 
Anesthesiology Task Force on Airway Management recommended endotracheal intubation 
for patients showing no improvement in respiratory distress, tachypnea (respiratory rate 
greater than 30/min), and poor oxygenation (PaO2 to Fi O2 ratio < 150 mmHg) after 2-h high 
flow oxygen therapy or noninvasive ventilation.13  
 
The clinical strategy applied to critically ill Covid-19  patients has been the one typically 
applied to patients with severe ARDS. This approach includes the application of low tidal 
volumes, high positive end-expiratory pressure (PEEP) and recruitment strategies including 
prone positioning.  
 
 
Changing approaches to ventilatory management and understanding of pathophysiology 
As new theories for the understanding of COVID-19 pathophysiology emerge, management 
strategies of Covid-19 patients needing ventilatory support are being refined in order to 
improve outcomes. Such strategies attempt to consider the entire spectrum of patients 
needing this ventilatory support. 
 
Some patients with Covid-19 pneumonia, although fulfilling the Berlin criteria for the 
diagnosis of ARDS,14 appear to present with an atypical form of the syndrome.15 Normally 
impaired lung mechanics leads to severe hypoxemia. In these patients however, there 
appears to be a dissociation between the reasonably preserved lung mechanics and the 
severity of hypoxemia. Consequently, based on their series of 150 patients, Gattinoni and 
colleagues propose the presence of two phenotypes of patients (“non- ARDS” or L-phenotype 
in whom compliance is high, and ARDS or H-phenotype in whom compliance is low) each with 
a different pathophysiology but both resulting in hypoxemia of similar severity. The 
phenotypes may be best differentiated by CT scan (or the respiratory system compliance and 
the response to PEEP as surrogates). The features of each type are summarized in Table 1. 
 
A possible explanation put forward for such severe hypoxemia occurring in compliant lungs 
of L-type patients is the loss of lung perfusion regulation and hypoxic vasoconstriction. The 
authors acknowledge that Type 2 (or H-type) with their lower compliance (i.e., lower gas 
volume and increased recruitability) may be due to the natural evolution of the severe 
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pneumonia. They also suggest the possibility that this severity of damage (with increased 
edema) may result in part from the initial respiratory management. They noted that some of 
their patients received CPAP or non-invasive ventilation before ICU admission and presented 
with very high respiratory drives, increased inspiratory efforts, and highly negative 
intrathoracic pressures. Such patients were likely to have self-inflicted ventilator-induced 
lung injury16 with the combination of a negative inspiratory intrathoracic pressure and 
increased lung permeability due to inflammation resulting in interstitial lung oedema.  
 
 
Table 1. Differences between proposed phenotypes of COVID-19 pneumonia patients. 

 Type 1 (non-“ARDS”) Type 2 (ARDS) 

 L-Type H-Type 

Respiratory 
mechanics 

Low elastance 
(high compliance > 50 ml/cmH2O) 
Low ventilation-to-perfusion ratio 
Low lung weight 
Low recruitability 

High elastance 
(low compliance < 40 ml/cmH2O) 
High right-to-left shunt,  
High lung weight   
High recruitability 

Proportion  70-80% of patients 20-30% of patients 

Suggested 
Ventilatory 
Settings 

 

Tidal Volume Higher 7-8ml/kg Lower 4-6ml/kg 

RR (bpm) 15-20 12-15 

PEEP (cmH2O) Limit to 8-10  Gradual  increase to 14-15  

Prone position As rescue - redistribution of blood  As standard for recruitment  

 
 

Clinical implications 
The treatment of non-intubated patients before admission to ICU may have an effect on their 
subsequent progress. The aim in this pre-ICU phase is to improve the patient’s oxygenation 
without causing lung damage.  
 
Oxygen therapy is likely to be the single most effective supportive measure in COVID-19 
patients overall and should be titrated up and down to reach target SpO2 ≥90% in adults by 
means of nasal cannula, a simple face mask or a face mask with reservoir bag as appropriate.17 
Patients with low oxygen saturations but who are not clinically distressed should not be 
intubated as a matter of routine, but should rather receive a step wise increase in oxygen 
therapy. 
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suspected. 
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The subset of patients who do not show improvement with standard oxygen therapy warrant 
an escalation of support. In the absence of an indication for endotracheal intubation, a closely 
monitored trial of high-flow nasal oxygen (HFNO), continuous positive airway pressure (CPAP) 
or other non-invasive ventilation (NIV) technique may be considered for adults with COVID-
19 and acute hypoxemic respiratory failure failing standard oxygen therapy. These methods 
of respiratory support may reduce the requirement for invasive mechanical ventilation in 
patients with COVID-19. However, guidelines from various organizations differ in their 
recommendations for such strategies. 
 
Patients receiving HFNO, CPAP or other NIV should be in a closely monitored setting and cared 
for by experienced personnel capable of endotracheal intubation in case the patient shows 
no improvement or acutely deteriorates. Intubation should not be delayed in such 
circumstances. In addition, there is a concern that HFNO, CPAP and other NIV techniques may 
carry the risk of aerosolization of viral particles. There is an evidence-gap between the 
demonstration of aerosolisation and its impact upon infection risk to the healthcare worker, 
particularly when wearing adequate personal protective equipment.18  Airborne precautions 
need to be taken until more evidence emerges. It is preferable for negative pressure rooms, 
or failing that, single patient rooms to be used. In our setting this is often not possible, and 
cohorting COVID-19 patients together may be appropriate. 
 
Additionally, the use of the prone position in non-intubated, conscious patients may be 
beneficial. This may be accomplished with minimal risk and a benefit in oxygenation.19  
 
Patients receiving respiratory support pre-ICU need to be closely monitored especially in 
terms of their respiratory drive and inspiratory efforts. Lack of improvement will warrant 
increased support. If patients on HFNO and CPAP continue to have increased work of 
breathing demonstrated by respiratory distress and excessive inspiratory efforts, 
endotracheal intubation should be prioritized to avoid excessive intrathoracic negative 
pressures and self-inflicted lung injury.15 
 
It is important to note that respiratory support, whilst being an important intervention, is part 
of an overall clinical management strategy that needs to include judicious fluid management, 
appropriate diagnostic investigations and appropriate anti-microbial therapy. The role of 
COVID-19 specific therapy in this situation and in specifically preventing disease progression 
to avoid mechanical ventilation remains contentious.  
 
 
OVERALL ASSESSMENT 
A significant number of critically ill COVID-19 patients need intubation and invasive 
mechanical ventilation. The mortality of these critically ill COVID-19 patients needing invasive 
mechanical ventilation is high and is noted to be significantly higher than the comparable 
conditions of ARDS and other viral pneumonias. It is important to note that ventilation is not 
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a treatment but a supportive intervention to allow for time, treatment or both to result in 
improvement. All steps to decrease mortality in these patients need to be considered.  
 
Understanding putative mechanisms for hypoxia in this evolving disease is important to 
consider and continuously update. Whilst the pathophysiological framework described above 
is still hypothetical, some evidence is slowly emerging and is supported by clinical experience 
from across the world. Choosing the right patient at the right time to receive the right therapy 
remains the goal. The current ARDS protocol remains the optimal option for a subset of 
patients. However, a strictly protocolized approach is not based on an individual patient's 
physiology or pathophysiology. Routine application of such protocols may thus not be 
beneficial to a large group of COVID-19 patients. As the COVID-19 disease process is becoming 
clearer, application of various therapeutic modalities and reassessment of patient response 
to such therapy are mandated as part of a strategy of individualized care, and of which 
respiratory support is one part of the total management of the critically ill COVID-19 patient.  
 
 
RECOMMENDATIONS 
 

• There is currently insufficient evidence to recommend delaying invasive mechanical 
ventilation in favour of other respiratory support such as HFNO or CPAP, so as to 
improve mortality outcomes of critically ill patients with COVID-19. 

 
• COVID-19 has different effects and consequences for different patients mandating 

continual and dynamic individual patient assessment. It is suggested that clinicians 
consider individual patient presentations and responses to therapeutic interventions, 
and manage each patient accordingly.  
 

• Strategies (including HFNO, CPAP, spontaneous prone ventilation) to improve 
oxygenation of COVID-19 patients pre-ICU need to be instituted with appropriate 
precautions as a key part of the spectrum of management of these patients.  

 

• Patients not responding to oxygenation strategies need to be prioritized for 
endotracheal intubation and mechanical ventilation with subsequent ICU care.  

 

• Respiratory support and appropriate ventilatory strategies are vital, and should be 
considered as part of an overall strategy of appropriate critical care for patients with 
COVID-19. 
  


