
Ο ασθενής με οξεία αναπνευστική ανεπάρκεια 
την εποχή της πανδημίας 

ΙΩΑΝΝΑ ΣΙΓΑΛΑ 

Πνευμονολόγος-Εντατικολόγος 
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Ά Κλινική Εντατικής Θεραπείας ΕΚΠΑ,  

Νοσοκομείο «Ευαγγελισμός» 



 70YO, FEVER, DYSPNOEA 65YO, DYSPNOEA, DRY COUGH,  
NASAL DISCHARGE 

50YO, FEVER DYSPNOEA,  
DRY COUGH 

ABG: Hypoxamic Respiratory Failure 



70YO, DYSPNOEA, COUGH, SPUTUM 87YO, DYSPNOEA, COUGH, SPUTUM 

ABG:  TYPE II RESPIRATORY FAILURE-
RESPIRATORY ACIDOSIS 



 Τι έχουν κοινό 
 

 Ποιο είναι το πρωταρχικό ερώτημα 
 

 Η θεραπεία της αναπνευστικής ανεπάρκειας είναι 
ίδια για όλους 
 

 Αλλάζει κάτι λόγω πανδημίας 
 



ΟΡΙΣΜΟΙ -  ΕΟΔΥ COVID19 
Κλινικά κριτήρια 
Ασθενής με ένα τουλάχιστον από τα κατωτέρω συμπτώματα  
 βήχας 
 πυρετός 
 δύσπνοια 
 αιφνίδια εκδήλωση ανοσμίας, αγευσίας ή δυσγευσίας 
 
Απεικονιστικά διαγνωστικά κριτήρια 
 Ακτινολογικά ευρήματα συμβατά με COVID-19 
 
Εργαστηριακά κριτήρια 
 Ανίχνευση νουκλεϊκού οξέος SARS-CoV-2 σε κλινικό δείγμα 
 
Επιδημιολογικά κριτήρια  
 στενή επαφή με επιβεβαιωμένο κρούσμα COVID-19 εντός 14 ημερών 

πριν την έναρξη συμπτωμάτων 
 φιλοξενούμενοι ή προσωπικό δομών στις οποίες  φιλοξενούνται 

ευάλωτα άτομα και έχει επιβεβαιωθεί συνεχιζόμενη 
μετάδοσηCOVID-19 

Ενδεχόμενο κρούσμα 
Ασθενής που πληροί τα κλινικά 

κριτήρια 
 
Πιθανό κρούσμα   
Ασθενής που πληροί τα κλινικά 

κριτήρια και ένα 
επιδημιολογικό κριτήριο 

Άτομο που πληροί τα 
απεικονιστικά διαγνωστικά 
κριτήρια 

 
Επιβεβαιωμένο κρούσμα 
Άτομο που πληροί τα 

εργαστηριακά κριτήρια 

Τι έχουν κοινό??? 



Ποιο είναι το πρωταρχικό ερώτημα ??? 



 70YO, FEVER, DYSPNOEA 65YO, DYSPNOEA, DRY COUGH,  
NASAL DISCHARGE 

50YO, FEVER, DYSPNOEA,  
DRY COUGH 

COVID PNEUMONIA Legionella PNEUMONIA ACUTE PULMONARU EDEMA 

70YO, DYSPNOEA, COUGH,SPUTUM 

AECOPD-Haemiphilus Infl 

87YO, DYSPNOEA, COUGH, SPUTUM 

AECOPD-Pulmonary embolism 



Η θεραπεία της αναπν. ανεπάρκειας είναι ίδια για όλους??? 



NIV indication in acute RF 

Absolute indications 
 Hypercapnic RF 

 COPD 

 Bronchiectasis 

 Restrictive diseases 

 Obesity Hypoventilation Syndrome 

 Thoracic abnormalities (eg kyphoscoliosis) 

 Neuromuscular disease 

 Cardiogenic pulmonary oedema 
 

 Others:  

 post-operation RF (abdomen, chest, cardio) 

 Chest trauma 

 palliation 

ERS/ATS guidelines 2017 



Αλλάζει κάτι λόγω πανδημίας? 



high fidelity human mannequin model 



Li J et al, ERJ 2020; 55: 2000892 

Maximum exhaled air dispersion distance via different oxygen administration 
and ventilatory support strategies 



Maximum exhaled air dispersion distance via different oxygen administration 
and ventilatory support strategies 

Ferioli M et al Eur Respir Rev 2020; 29: 200068 



Based on current knowledge, inhalation therapy, NHF, CPAP, or NIV can be 
carried out by staff wearing PPE (goggles, an FFP2 or FFP3 mask, and a gown) 
without an increased risk of infection 

 NHF :  To date, a relevant increased release of infectious aerosols 
compared to spontaneously breathing patients could not be 
demonstrated in an in vitro or an in vivo setting. 
 

 Although nebulizers increase the amount of aerosol in room air, they 
do not increase the risk of infection for medical staff. The inhalation 
of isotonic saline solution significantly reduces aerosol release from 
the lungs. 

GERMAN Guidelines  Application of Respiratory Support in Patients with COVID-19 

 The protection of staff with PPE should have top priority.  
 Fear of contagion should not be a primary reason for 

intubation 



 Nonvented masks should be used as interfaces 
 oronasal, full-face masks, or respiratory helmets. 
  

 leakages should be reduced to a minimum 
 
 dual-hose systems with virus deactivation filters in 

the expiratory tube should preferably be used 
 

 When using single-hose systems, a virus filter should 
be inserted between the interface and the intended 
leakage (whisper swivel) or the exhalation valve 
 

 When using a patient’s own device: patients with 
previous CPAP or NIV require an appropriate mask 
and tube change, including the insertion of a virus 
filter 
 

 A virus deactivation filter should be inserted between 
the interface and the expiration device (intended 
leakage or expiration valve for single-hose systems). 

Double Limb-Non vented mask 

Exhalation 

HOW TO APPLY NIV IN THE PANDEMIC ERA 

Non vented mask 



Single Limb - Non vented mask 

Exhalation 

HOW TO APPLY NIV IN THE PANDEMIC ERA 

Double Limb-Non vented mask 

Exhalation 



65YO, DYSPNOEA, DRY COUGH,  
NASAL DISCHARGE 

ACUTE PULMONARU EDEMA 

70YO, DYSPNOEA, COUGH,SPUTUM 

AECOPD-Haemiphius Infl 

87YO, DYSPNOEA, COUGH, SPUTUM 

AECOPD-Pulmonary embolism 

Hypoxemix RF 

Hypercapnic RF 

Nebs SAMA/SABA 
If 

hypercapnia+acidosis 
persists  NIV 

CPAP or NIV 



What if they deteriorate and require emergency 
intubation 

Endotracheal intubation carries a high risk of 
infection.  



ENDOTRACHEAL INTUBATION 

We recommend that endotracheal intubation be performed by a trained and experienced provider using 
airborne precautions. 

 Pre-oxygenation with 100% FiO2 for 5 minutes, and use of a face mask with reservoir bag is preferred.  

 When possible, avoid bag-valve mask ventilation to reduce exposure to aerosols.  

 Rapid-sequence intubation is appropriate after an airway assessment that identifies no signs of difficult 

intubation  

WHO- Management of critical COVID-19: ARDS 

 For healthcare workers performing endotracheal intubation on patients with COVID-19, we suggest 

using video-guided laryngoscopy, over direct laryngoscopy, if available. Weak 

 For COVID-19 patients requiring endotracheal intubation, we recommend that endotracheal 

intubation be performed by the healthcare worker who is most experienced with airway 

management in order to minimize the number of attempts and risk of transmission. Best practice 

statement 

Surviving Sepsis Campaign: Guidelines on the Management of Critically Ill Adults with 
Coronavirus Disease 2019 



European Society  
Of Anaesthesiology 

COVID-19 



 70YO, FEVER, DYSPNOEA 50YO, FEVER, DYSPNOEA, DRY COUGH 

COVID PNEUMONIA Legionella PNEUMONIA 

De novo Hypoxemic Respiratory Failure 



Ventilation: 
 In adults with COVID-19, we suggest starting supplemental oxygen if the peripheral Spo2 < 92%, Weak 

•  and recommend starting supplemental oxygen if Spo2 is < 90% Strong 
  In adults with COVID-19 and acute hypoxemic respiratory failure on oxygen, we recommend that 

Spo2 be maintained no higher than 96%.   Strong 
 For adults with COVID-19 and acute hypoxemic respiratory failure despite conventional oxygen 

therapy, we suggest using HFNC over conventional oxygen therapy. Weak 

Surviving Sepsis Campaign: Guidelines on the Management of Critically Ill Adults with 
Coronavirus Disease 2019 Crit Care Med 2020; 48:e440–e469 

WHO- Management of severe COVID-19: severe pneumonia 

We recommend immediate administration of supplemental oxygen therapy to any patient 
with emergency signs and to any patient without emergency signs and SpO2 < 90%. 

 Adults with emergency signs : during resuscitation target SpO2 ≥ 94%. 
  Once the patient is stable: target  

 > 90% SpO2 in non-pregnant adults  
 ≥ 92–95% in pregnant women 



cumulative survival  
liberal versus conservative oxygen therapy 

Chu D et al Lancet 2018; 391: 1693–705 

Mortality and morbidity in acutely ill adults treated 
with liberal versus conservative oxygen therapy (IOTA): 
a systematic review and meta-analysis 

Interpretation In acutely ill adults, high-quality evidence shows that liberal oxygen therapy increases mortality 
without improving other patient-important outcomes. Supplemental oxygen might become unfavourable above 
an SpO₂ range of 94–96%. These results support the conservative administration of oxygen therapy 

Siemieniuk R et al BMJ 2018;363:k4169 



 Closely monitor patients for signs of clinical 
deterioration, such as  
 rapidly progressive respiratory failure  
       and  
 shock   
respond immediately with supportive care 
interventions 
 

 Patients hospitalized with COVID-19 require regular 

monitoring of vital signs (including pulse oximetry) and, 

where possible, utilization of medical early warning scores 

(e.g. NEWS2, PEWS) that facilitate early recognition and 

escalation of treatment of the deteriorating patient 

WHO- Management of severe COVID-19: severe pneumonia 



NEWS2 scores for escalating care- early warning score for 
monitoring hospital patients  

National Early Warning Score (NEWS):  
Royal College of Physicians in 2012  
to improve the identification, monitoring 
and management of unwell patients in 
hospital.  
Up-dated in 2017 
 

National Early Warning Score -NEWS 





Modified NEWS score for use 
in COVID-19 
developed in China-Liao 



WHAT IS THE NEXT STEP 

A B 

C 
D 



EVIDENCE  
BEFORE PANDEMIC 



Further research is needed and this question requires re-appraisal in the future. Considering that some 
studies have identified populations likely to succeed with NIV, a trial of NIV might be offered to a patient 
with hypoxaemic respiratory failure, community-acquired pneumonia or early ARDS if they are being 
managed by an experienced clinical team, are carefully selected (no contraindications such as abnormal 
mental status, shock or multiorgan system failure), are closely monitored in the ICU, reassessed early 
after starting NIV and intubated promptly if they are not improving. 

Eur Respir J 2017; 50 (2): 1602426 

Should NIV be used in de novo ARF? 
 

Recommendation 
Given the uncertainty of evidence we are unable to offer a 

recommendation on the use of NIV for de novo ARF 
 



NIV Oxygen 
Endotracheal intubation rate 

NIV Oxygen 
ICU mortality rate 

Luo J et al. Respirology (2014) 19, 1149–1157 

Average NIV failure rate ≈50% 



PaO2/FIO2 <150 mmHg  

n = 184 

PaO2/FIO2 ≥150 mmHg  

Kaplan-Meier survival curves 

n = 194 

LUNG SAFE Study 

Bellani G et al. AJRCCM 2017;195(1):67–77 

NIV NIV 

IMV 
IMV 

Mortality  
NIV vs IMV:  

36.2% vs 24.7% 



Shen and Zhang Critical Care (2017) 21:285 

Favours HFNC Favours NIV 

PaO2/FiO2 (150mmHg) 

PaO2/FiO2 (200mmHg) 

intubation rates NIV vs HFNO 



mild hypoxemia  
200 < PaO2/FiO2 ≤ 300  

Moderate to severe 
hypoxemia  

PaO2/FiO2 ≤ 200 mm Hg 

Expired TV ml/kg  
over the whole duration of NIV 

Moderate to severe 
hypoxemia  

PaO2/FiO2 ≤ 200 mm Hg 

probability of NIV failure  
mean TV over 4 Hours 

VTe≥ 9.5 mL/kg 

VTe< 9.5 mL/kg 

Carteaux Get al. Crit Care Med 2016; 44:282–290 

The role of expired Tidal Volume on NIV Failure 

failure 

8 

6 

Success 

failure 

Success 



DPes changes from baseline  within the 
first 2 hours of NIV 

NIV failure NIV success 

Early Inspiratory Effort Assessment by Esophageal 
Manometry Predicts Noninvasive Ventilation Outcome 
in De Novo Respiratory Failure A Pilot Study 

 PEEP- initially 6 cmH2O - modified to 4–8 
cmH2O – target 
 SaO2 >92%  
 with a FIO2 <70%.  

 PS set at 10 cm H2O - modified to target a 
  VTe/kgPBW <9.5 ml/kg  
  RR <30 breaths/min  

 oronasal facemask -adjusted to target a 
leak flow<20 L/min 

 ICU ITALY 
 30 patients, AHRF, PaO2/FiO2<200 
 24h NIV trial 

Tonelli R et al AJRCCM 2020;202(4):558–567 

Association between Physiological and Clinical Variables and 
NIV Failure at 24 Hours 



The HACOR score 
0-25 

prediction of NIV failure in de novo ARF 

Duan J et al. Int Care Med (2017) 43:192–199 

cut-off value:  5 after 1 hour of NIV 

HACOR score of ≤5,  
 NIV failure rate:18.4%  
 Hospital mortality: 21.6%.  

HACOR score of >5,  
 NIV failure rate:87.1%  
 Hospital mortality: 65.2%. 

NIV failure 

NIV Success 



ROX Index ≥4.88 measured at 2, 6, or 12 hours after high-flow nasal 
cannula (HFNC) initiation is associated with a lower risk for intubation. 
 

ROX Index <3.85 : risk of HFNC failure is high, and intubating the patient 
should be discussed.  
 

ROX Index 3.85 to <4.88: the scoring could be repeated one or two 
hours later for further evaluation. 

Roca O et al AJRCCM 2019; 199(11):1368–1376 

ROX index 
the ratio of SpO2 / FIO2 / respiratory rate  

An Index Combining Respiratory Rate and Oxygenation to 
Predict Outcome of Nasal High-Flow Therapy 



COVID19 PANDEMIC PERIOD 





Ventilation: 

 In adults with COVID-19 and acute hypoxemic respiratory failure 

 we suggest using HFNC over NIPPV.    Weak 

  if HFNC is not available and there is no urgent indication for endotracheal intubation, we suggest a trial of 

NIPPV with close monitoring and short-interval assessment for worsening of respiratory failure. Weak 

 We were not able to make a recommendation regarding the use of helmet NIPPV compared with mask NIPPV. It 

is an option, but we are not certain about its safety or efficacy in COVID-19. No recommendation 

Surviving Sepsis Campaign: Guidelines on the Management of Critically Ill Adults with 
Coronavirus Disease 2019 Crit Care Med 2020; 48:e440–e469 

WHO- Management of critical COVID-19: ARDS 

In selected patients with COVID-19 and mild ARDS, a trial of HFNO, NIV– CPAP, BiPAP may be used. 



Respiratory non-invasive therapies for COVID-19: recommendations 
from scientific societies 

Wink JC & Ambrosino N Pulmonol 2020;26(4):213-20  

First option 



Shang et al. Ann. Intensive Care (2020) 10:73 

Management of critically ill patients with COVID-19 in ICU:  
statement from front-line intensive care experts in Wuhan, China 

For NIV: 
VT<9ml/kg 

 
For HFNV 
ROX index 



Respiratory support options in COVID-19-related acute respiratory failure 

GERMAN Guidelines 



the consensus set the indication for  
 CPAP : use at 10–12 cmH2O, 

without humidification and with 
helmet          first choice 

 
 CPAP use with a mask    second 

choice   
 
 NIV use with an oronasal face mask 

(third choice), using high 
performance ventilators or, if these 
are lacking, dedicated NIV 
platforms or home ventilator 

ITALIAN GUIDELINES 



Retrospective study 
379 patients, ICU Paris France 
acute respiratory failure & laboratory-confirmed SARSCoV-2 
infection 
HFNC: 146 (39%) (within the first 24 hours of ICU 
admission) vs non –HFNO (mainly oxygen): 233 

Demoule A et al  AJRCCM in press 10.1164/rccm.202005-2007LE 

 PaO2/FiO2    

 HFNOs 126 (86-189) mmHg  
 non-HF 130 (97-195) mmHg 

 Median duration HFNO 4 (2-6) D 

High Flow Nasal Canula in Critically Ill Severe COVID-19 Patients 

      At day 28  
 % of patients requiring IMV      
    HFNO vs no-HF 55 vs. 72% 
 
 Mortality  
    HFNO vs no-HF  21% vs. 22% 



Outside ICU       670 patients 
HFNO, CPAP, NIV 

Feasibility and clinical impact of out-of-ICU 
non-invasive respiratory support in patients 
with COVID-19 related pneumonia 

Franco C et al, ERJ 2020; in press 

HFNC 
N=163 

CPAP 
N=330 

NIV 
N=177 

ITALIAN Guidelines- four patient categories:  
 green (SaO2 >94%, RR <20 breaths/min 

 
 yellow (SaO2 <94%, RR >20 breaths/min but 

responds to oxygen 10–15 L·min−1) 
 

 orange (SaO2 <94%, RR 25–30 breaths/min 
but poor response to oxygen 10–15 L/min 
and requires CPAP/NIV with FIO2<50% 
 

 red (SaO2 <94%, RR >30 breaths/min but 
poor response to oxygen 10–15 L/min, 
CPAP/NIV with FIO2 >50% or presenting 
respiratory distress with PaO2/FIO2 <200 and 
needing endotracheal intubation (EI) and ICU 
admission 



30-day mortality rate 26.9% 
ETI rate:27%  

Patients were continuously 
monitored with 
  electrocardiogram trace 
  noninvasive blood pressure 
  arterial oxygen saturation 
  respiratory rate 

TWO units -wards 
1st : 1:4 to 1:6 nurse : patient 
ratio 
2nd: 1:2 to 1:4 nurse : patient 
ratio 

the mortality rate increased with 
  age:  <69 vs >69 years: 12.5% vs 41.2%  
 highly comorbid patients : >2 vs <2 comorbidities:  34.4% vs 19.6% 

Franco C et al, ERJ 2020; in press 

HFNC 
N=163 

CPAP 
N=330 

NIV 
N=177 

The three modes of NRS had a similar impact on 
mortality outcome, as well as on intubation rate and 

length of stay 



Patel M, et al. BMJ Open Resp Res 2020;7:e000650 

retrospective analysis of consecutive patients admitted to 
Temple University Hospital in Philadelphia, Pennsylvania 

 104 patients HFNO 
 Moderate severe RF 
 >15lt/min oxygen 
 
 
primary outcome: prevention of IMV (%) with use of HFNT 
 64.42% avoided intubation 
 35,58 % progressed to IMV  
 7,69% required NIV 
 

Survival Probability 

Intubation 

Stable 

mean Saturation/Fraction (S/F) ratio 
121.9 (range 79–225) 

Mortality 14.44% 
 34,4%-intubation group 
 2.9%-non intubated group 



Comparing outcomes between intubation and non-intubation groups 

Patel M, et al. BMJ Open Resp Res 2020;7:e000650 



AWAKE PRONE POSITIONING 



 Recruitment of alveoli in dorsal lung.  
 Less overdistention in the ventral lung.  
 Improved V/Q matching - blood flow pattern 

remains unaffected 

 Alveolar collapse at bases due to lower TPP.  
 Alveolar overdistention in the ventral areas due 

to higher TPP 

Paul V et al J Intens Care Med. 2020; 35(8):818–824 

SUPINE vs PRONE POSITIONING 



 ICU in Italy, 2009-2014 
 15 non intubated,  ARF,  PaO2/FiO2<300 
 9 immunocompromised 
Mainly pneumonia 

 
median of 2 (1-3) procedures/subject 
median duration PP cycles: 3 (2-4) h, max 8h 
 2 intubated 
 

step PRE: 1 to 2 hours before pronation  
step PRONE: the last hour of PP 
step POST: 6 to 8 hours after resupination  

significant improvement in oxygenation 

Prone positioning improves oxygenation in 
spontaneously breathing nonintubated 
patients with hypoxemic acute respiratory 
failure: a retrospective study 
Scaravilli V et al J Crit Care 2015 



Prone position for at 
least 3 h 
 Prone feasible in 47 

patients -83.9% 
 79% CPAP 
 12% oxygen face 

mask 

 32% intubated 

prone positioning in awake, spontaneously breathing 
patients  

 is feasible outside ICU in most patients. 
 improved oxygenation  - this effect was lost after reverting 

to the supine position 
 improvement in oxygenation maintained upon 

resupination by half of the patients for at least 1 h 

Coppo A et al Lancet Respir Med 2020;8: 765–74 

 Patients from: medical wards, ED, the respiratory HDU 
 COVID-19-related pneumonia requiring supplemental 

oxygen or non-invasive CPAP 

Responders 
10-20%↑ PaO2/FiO2 SP1-SP2 

10min 
 prone 

1h 
supine 

Non- responders 

incidence of tracheal intubation : not different between 
responders and nonresponders 



Prone position for awake, spontaneously breathing patients may also improve oxygenation and 

the ventilation/perfusion ratio, but evidence is lacking and should be done under clinical trial 

protocol to assess efficacy and safety 

WHO- Management of severe COVID-19: severe pneumonia 

For patients with persistent hypoxemia despite increasing supplemental oxygen requirements 
in whom endotracheal intubation is not otherwise indicated, the Panel recommends 
considering a trial of awake prone positioning to improve oxygenation (CIII). 
 
• The Panel recommends against using awake prone positioning as a rescue therapy for 
refractory hypoxemia to avoid intubation in patients who otherwise require intubation and 
mechanical ventilation (AIII). 

NIH Guideline 



Prone positioning is a simple intervention that can be done in most circumstances, is 
compatible with all forms of basic respiratory support and requires little or no 
equipment in the conscious patient.  
Given its potential for improving oxygenation in COVID-19 patients we advocate that a 
trial of conscious prone positioning be performed on all suitable patients on the ward 

AWAKE PRONE POSITIONING 





Guy Bower and Hangyong He, Crit Care (2020) 24:371  Protocol for awake prone positioning in COVID-19 patients 




