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• Policlinico Hospital, Milan, 
Italy

• Opened March 11, 2020

• COVID-19 HDU

• 43 beds

• hARF COVID19 patients

• CPAP, NIV, HFNC, ETI

• Multidisciplinary team

COI: My COVID-19 Background

Aliberti S et al. Respir Res. 2020 Oct 9;21(1):260



Clinical picture of ARF due to COVID-19 pneumonia in 2020…

• Severe hypoxemia
• Hypocapnia
• Low-grade dyspnea

• TEP frequently associated



• 47 CAP patients

• P/F 210-285

• CPAP vs VM

• Objective: P/F > 315

Cosentini R. Chest 2010; 138:114

SCAPOVERSOCAPOVERSO

• 81 pts with hARF due 
to pneumonia (P/F: 
140)

• ETI Criteria
15% CPAP vs. 63% VM
p<0.001; NNT: 2

Brambilla AM. Intensive Care Med 2014; 40:942 

Rationale: CPAP in ARF due to pneumonia



Rationale: CPAP in ARDS

• 40 haemotological malignancy pts 
with ARDS

• Intubation required in 70% of  the 
standard treatment group vs 20%) in 
the CPAP group(P = .002)

Sehgal; Ann Transl Med. 2016 Sep; 4(18): 349.Antonelli; JAMA 2000

Pooled analysis demonstrated superiority of CPAP 

over standard treatment with oxygen 

supplementation

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5066037/


CPAP in COVID-19 ARF

ERJ Open Research 2020 6: 00405-2020



• Multicentric, observational, prospective study
• 7 March 2020 and 21 April 2020

Indications for helmet CPAP included all of the following:
• a diagnosis of pneumonia as the only cause of hARF
• P/F ratio <300 evaluated during oxygen therapy

The primary outcome
• CPAP failure defined as the occurrence of either 

intubation or death due to any cause during HDU stay

Aliberti; ERJ 2020 56: 2001935;

CPAP in COVID-19 ARF



Aliberti; ERJ 2020 56: 2001935;

CPAP in COVID-19 ARF

157 patients, median age: 64, median (IQR) P/F ratio 143

• An increase of at least 30% in P/F ratio during helmet 
CPAP application in comparison to oxygen therapy was 
found only in 52% of the population

• Median duration of helmet CPAP treatment: 6 days

CPAP failure was observed in 70 (44.6%) patients: 
• 34 (21.7%) were intubated
• 36 (22.9%) died during the HDU stay



Aliberti; ERJ 2020 56: 2001935;

CPAP in COVID-19 ARF

At the multivariable analysis (adjusted for sex, age, severe 
community-acquired pneumonia, interleukin-6, and ΔP aO2 
/FIO2 ratio ⩾30%), CPAP failure was associated with:
• severity of pneumonia on admission (HR (95%CI) 2.9 

(1.3–6.2), p=0.009)
• higher baseline values of interleukin-6 (HR (95%CI) 1.0 

(1.0–1.0), p<0.009)

• All-cause in-hospital mortality: 28.7%



Gattinoni et al. Intensive Care Med 2020

Type HType L 

P-SILI

COVID-19 
Evolution

Different phenotypes or COVID-19 evolution?

Low      V/Q Ratio                                High  
Low       Lung weight                               High
High  Recruitability Low



Gattinoni et al. Intensive Care Med 2020

Type HType L 

P-SILI

COVID-19 
Evolution

TREATMENT:

- Increase FiO2: low flow oxygen 
nasal cannula, Venturi Mask, Non 
rebreather mask
- Non invasive support: high-fow
nasal cannula (HFNC), continuous 
positive airway pressure (CPAP), 
noninvasive ventilation (NIV). 

TREATMENT:

- Treat as severe ARDS, including 
higher PEEP, if  compatible with 
hemodynamics, prone positioning 
and extracorporeal support. 

Different phenotypes or COVID-19 evolution?



HFNC in ARF

• 310 pz
• RR >25 a/min; PaO2/FiO2 ≤300, PaCO2 ≤45 mmHg
• No chronic respiratory diseases



HFNC in COVID-19 ARF

• Adult patients with ARF (Pao2/Fio2 <200)

• Clinical signs of respiratory distress (e.g.: use 

of accessory muscles and respiratory rate 

greater than 25/min

• Less than 6 hours elapsed since fulfilling the 

criteria of ARF

Ospina-Tascon;  JAMA 2021 Dec 7; 326(21): 1–11.



HFNC in COVID-19 ARF

Frat; JAMA. 2022;328(12):1212-1222.

• Adult patients with ARF (Pao2/Fio2 <200)

• Pulmonary inflitrates

• Less than 6 hours elapsed since fulfilling the 

criteria of ARF



Prone positioning



Prone and lateral positioning for awake, non-intubated 
patients with COVID-19 pneumonia 



• A pilot, observational, prospective study

• March and April 2020

• PaO2:FIO2 ratio during helmet CPAP treatment was 
persistently <250 after at least 48 hours

• Prone or lateral positioning (at least 1 hour)

• CPAP with a median P/F ratio of 180 and A-aO2 of 207

Retucci M. Chest. 2020 Dec;158(6):2431-
2435

Prone positioning



The primary outcome was the success 
of the prone/lateral positioning trial,
defined as the occurrence of all of the 
following criteria at T1 in comparison 
with T0:
1. a decrease of the alveolar–arterial 

gradient (A-aO2) of at least 20%
2. Equal or reduced respiratory rate
3. Equal or reduced dyspnea (BORG 

scale)
4. SBP >=90 mm Hg. 

15% of trials were successful:
• The median decrease of A-aO2 of 20%
• 7.7% showed a A-aO2 decrease of at least 30% 

in comparison with baseline values
• 46% showed a decrease of <20% of A-aO2

38% of trials failed

Retucci M. Chest. 2020 Dec;158(6):2431-2435

Prone positioning



The primary outcome was the success 
of the prone/lateral positioning trial,
defined as the occurrence of all of the 
following criteria at T1 in comparison 
with T0:
1. a decrease of the alveolar–arterial 

gradient (A-aO2) of at least 20%
2. Equal or reduced respiratory rate
3. Equal or reduced dyspnea (BORG 

scale)
4. SBP >=90 mm Hg. 

Retucci M. Chest. 2020 Dec;158(6):2431-2435

Prone positioning

Prone positioning: 
• 33% trials succeeded
• 41% trials showed a decreased A-aO2 

(<20%)
• 25% trials failed

Lateral positioning:
• 8% trials succeeded

52% trials showed a decrease of A-
aO2 (<20%)

• 40% trials failed



• 56 adults patients with COVID-19 pneumonia
• Supplemental oxygen or non-invasive 

continuous positive airway pressure
• Prone positioning was feasible in 84%
• PaO2/FiO2 ratio 180 285, p<0.0001

Responders Non-Responders

• After resupination, improved oxygenation was 
maintained in 50% but not significant

• No difference in rates of intubation was seen in 
those who maintained oxygenation (responders) 
compared with those who did not (non-responders). 

Prone positioning



• Prospective, meta-trial of six open-label superiority RCTs

• Adults who required respiratory support with HFNC for hARF due to COVID-19 

• Awake prone positioning vs standard care

• Primary composite outcome: treatment failure, defined as the proportion of patients intubated or dying 
within 28 days of enrolment 

• 1126 patients

Prone positioning



14 patients needed to be treated with awake prone positioning to avoid one intubation

Prone positioning



CMAJ November 23, 2020 192 (47) E1532-E1537;

Prone positioning



ZEEP-PEEP Test

• To identify the lowest PEEP

• Recruitment vs. Over distention

• Changes over time

• Hemodynamic and Respiratory 
parameters



• Consecutive adults (≥18 years) with hARF and with an indication 
for helmet CPAP 

• Indications for helmet CPAP treatment:
1.Diagnosis of COVID-19 pneumonia as the only cause of hARF
2. P/F <300

• Standardized and non-invasive lung recruitability test (LRT) 
through the evaluation of vitals and blood gas analysis 
parameters every 30 minutes at different PEEP values (0–
baseline-, 2.5, 5, 7.5, 10, 12.5, and 15 cmH2O)

ZEEP-PEEP Test

Amati F; Arch Bronconeumol. 2021 Jan;57:92-94.



Successful LTR was defined as the occurrence of 
all the following: 
(1) A decrease of the alveolar-arterial gradient 
(A-aO2 ) of at least 20% compared to baseline
(2) Equal or reduced respiratory rate (RR) 
compared to baseline
(3) Absence of hemodynamic instability
(4) Equal or increase SpO2 values compared to 
baseline
(5) Absence of patient’s discomfort

Failure of LRT was defined as the occurrence of 
at least one of the following before reaching 
success criteria: 
(1) An increase in RR compared to baseline
(2) An increase of A-aO2 compared to baseline
(3) hemodynamic instability
(4) SpO2 <90%
(5) Respiratory distress
(6) Patient’s discomfort. 

Partial success of LTR was defined by all the criteria mentioned 
above but decrease of A-aO2 less than 20%

ZEEP-PEEP Test

Amati F; Arch Bronconeumol. 2021 Jan;57:92-94.



LRT was successful in 9 (26.5%) patients
60% at 10 cmH2O

Partial success of LRT occurred in 17 (50%) patients

LTR failed in 8 (23.5%) patients
• hemodynamic instability (14.7%)
• respiratory distress (2.9%)
• increase in RR (5.9%)

RESULTS

ZEEP-PEEP Test

Amati F; Arch Bronconeumol. 2021 Jan;57:92-94.



Bottom line…

• Parallel group, open-label, adaptive, 3-group, randomized clinical trial

• 1273 patients with ARF due to COVID

• Required O2 at a fraction of inspired oxygen (FiO2) of at least 40%

• Suitable for tracheal intubation if treatment escalation was required

CPAPHFNCConventional oxygen



Recovery Trial



Recovery Trial



LIMITATIONS

• Crossover between interventions occurred in 17.1% of participants 

(15.3% in the CPAP group, 11.5% in the HFNC group, and 23.6% in the 

conventional oxygen therapy group). 

• Lack of blinding

• Low recruitment due to declining COVID-19 case numbers in the UK 

and the end of the funded recruitment period

• No standardized criteria for intubation

Recovery Trial



1 UO COVID

1 Coordinator

Each UO take responsability of 
patients

COVID beds within each UO

Pulito

COVID-19

PNEGAS
INF

UO COVID UO INTERNAL MEDICINE

Bottom line…



Bottom line: moving to a tailored approach



Conclusion: a tailored approach

• CPAP or HFNC treatment choice should be based on several factors not 

limited on P/F ratio (e.g.: respiratory distress)

• Prone positioning might be a valid option in a selected category of patients

• In case of CPAP treatment use the lowest PEEP possible (change over time)

• NIV with a face mask should be the first choice in case of chronic 

obstructive comorbidities or hypoxemic-hypercapnic respiratory failure



THANK YOU
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