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Introduction
The virus known as severe acute respiratory syn-

drome coronavirus 2 (SARS-CoV-2) causes a dis-
ease called coronavirus disease 2019 (COVID-19), 
which has spread rapidly throughout the world. In 
March 2020, the World Health Organization declared 
the COVID-19 pandemic outbreak. The disease has a 
wide spectrum of symptoms, from asymptomatic dis-

ease to severe and progressive interstitial pneumonia 
and multiple-organ failure. Up to 20% of patients de-
velop severe or critical illness characterized by acute 
respiratory failure1. As part of interstitial pneumonia, 
respiratory failure is typically presented by hypoxia, 
without carbon dioxide retention, defined as type 1 re-
spiratory failure. Due to the rapid spread of the disease 
and involvement of a large number of patients, medi-
cal resources have been in short supply, with especially 
great pressure on the intensive care unit (ICU). Data 
suggest that approximately 20% of infected cases re-
quire hospitalization, out of which around one-fourth 
(5%) require intensive care management2. This further 
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SUMMARY – Coronavirus disease 2019 (COVID-19) is presented with a wide range of symp-
toms, from asymptomatic disease to severe and progressive interstitial pneumonia. As part of interstitial 
pneumonia, respiratory failure is typically presented as hypoxia and is the most common cause of hos-
pitalization. When oxygen therapy fails, continuous positive airway pressure (CPAP) or noninvasive 
mechanical ventilation (NIV) are used as respiratory support measures of first choice. Noninvasive respi-
ratory support (NIRS) is applied in order to save intensive care unit resources and to avoid complications 
related to invasive mechanical ventilation. Emerging evidence has shown that the use of CPAP or NIV 
in the management of acute hypoxemic respiratory failure in COVID-19 reduces the need for intuba-
tion and mortality. The advantage of NIRS is the feasibility of its application on wards. NIV could be 
administered via a face mask or helmet interface. Helmet adheres better than mask and therefore leakage 
is reduced, a delivery of positive end-expiratory pressure is more accurate, and the risk of nosocomial 
transmission of infections is lowered. Patients on NIRS must be carefully monitored so that further 
respiratory deterioration is not overlooked and additional measures of care including timely intubation 
and invasive mechanical ventilation could be performed if needed.
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emphasized the need for maximum understanding 
and utilization of noninvasive measures of respirato-
ry support in order to save ICU resources but also to 
avoid complications related to intubation and invasive 
mechanical ventilation. Conventional oxygen therapy, 
high-flow oxygen  therapy (HFOT), continuous posi-
tive airway pressure (CPAP) or noninvasive mechan-
ical ventilation (NIV) are used as noninvasive respi-
ratory support (NIRS) measures to treat respiratory 
failure. There is evidence that the use of NIV in acute 
hypoxemic respiratory failure (AHRF) doubled during 
this pandemic. It is estimated that about 30% of pa-
tients with AHRF were treated with NIV3.

Evidence Supporting NIV in COVID-19 Related 
Acute Hypoxemic Respiratory Failure

In patients with COVID-19 with AHRF in whom 
the need for oxygen exceeds the possibilities of low-
flow oxygen therapy, it is recommended to prioritize 
the use of other modalities of NIRS over endotrache-
al  intubation (ETI) and invasive mechanical venti-
lation. The first step of support is HFOT. In case of 
HFOT failure, the use of CPAP and NIV is advised4. 
It has been shown that the use of HFOT, CPAP or 
NIV in the management of AHRF in COVID-19 
patients reduces the need for intubation and mortal-
ity5-7. A recent systematic review and meta-analysis of 
25 randomized clinical trials (3804 patients) summa-
rized evidence on the clinical effectiveness of NIV and 
HFOT compared with conventional oxygen therapy 
in patients with acute respiratory failure. Both HFOT 
and NIV reduced the need for endotracheal intuba-
tion. Also, NIV was significantly associated with a 
lower risk of mortality and tracheal intubation5. The 
RECOVERY-RS Randomized Clinical Trial com-
pared CPAP with conventional oxygen therapy in 
COVID-19 patients. The composite primary outcome 
of tracheal intubation or mortality within 30 days was 
significantly lower with CPAP (36.3%; 137 of 377 par-
ticipants) versus conventional oxygen therapy (44.4%; 
158 of 356 participants)6. Franco et al. conducted an 
observational study that included 670 COVID-19 pa-
tients in whom HFNC, CPAP or NIV were applied 
outside ICU. The arterial oxygen tension/inspirato-
ry oxygen fraction ratio (PaO2/FiO2) at baseline was 
152±79. The overall unadjusted 30-day mortality rate 
was 26.9%, with 16%, 30% and 30% for HFOT, CPAP 

and NIV, respectively. A total ETI rate was 27%, with 
29%, 25% and 28%, respectively. After adjustment for 
confounders, the relative probability of death, ETI and 
length of stay were not different among the groups7. 
Bellani et al. also showed that NIV could be successful 
outside ICU. The study included over 900 COVID-19 
patients receiving NIV outside ICU, and 62.4% of 
patients were discharged alive without intubation8. A 
special feature of these studies7,8 was that all subjects 
were treated outside ICUs and high dependency units 
(HDUs). It reflects the reality of patient care during 
the pandemic when medical professionals were forced 
to apply advanced respiratory support methods on 
wards because ICU beds were almost completely re-
served for intubated patients. During the peak of the 
COVID-19 pandemic, the prevalence of NIV use out-
side ICUs was high, involving approximately 12% of 
hospitalized patients with COVID-198. An additional 
aggravating circumstance was that health workers with 
less experience in the field of respiratory support were 
often involved in the treatment process on the wards 
and patient monitoring was at a lower level than aver-
age in the non-pandemic time. Such real-life studies 
show that the implementation of advanced methods 
of respiratory support are also feasible on the wards. 
Severe respiratory failure with arterial oxygen pressure 
PaO2/FiO2 <150 mm Hg was a significant predictor 
of failure8. Considering this finding, special attention 
should be paid to these patients and they should be 
transferred to the ICU in order to be under more vig-
ilant supervision. Decision on the modality of prefer-
ence primarily depends on the patient’s comorbidities, 
availability of the device, patient’s preferences, com-
fort, and tolerance of the device. In principle, when 
the application of low-flow oxygen therapy does not 
achieve adequate oxygenation, clinicians primarily ap-
ply HFOT. CPAP and NIV are mainly used when it 
is estimated that the application of positive pressure 
could have an additional beneficial effect.

Mask versus Helmet Interface
In patients with acute respiratory failure, NIV is 

primarily administered via face mask or helmet inter-
face. Some authors prefer helmet interface over face 
mask. The advantages of the helmet may be better 
adhesion of the interface and thus reduced leakage 
and more accurate delivery of positive end-expiratory 
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pressure. According to some studies, patients tolerate 
the helmet better and its use results in greater reduc-
tion in respiratory work9. A meta-analysis conducted 
by Ferreyro et al. included randomized clinical trials 
comparing face mask noninvasive ventilation, helmet 
noninvasive ventilation with standard oxygen thera-
py in the treatment of adult patients with AHRF. It 
showed that, when compared with standard oxygen 
therapy, helmet NIV was associated with a lower risk 
of intubation than face mask NIV (helmet NIV: risk 
ratio [RR] 0.26 [95% credible interval {CrI} 0.14-
0.46]; face mask NIV: RR 0.76 [95% CrI 0.62-0.90]) 
and lower mortality (helmet NIV: RR 0.40 [95% CrI 
0.24-0.63]; face mask NIV: RR 0.83 [95% CrI 0.68 
-0.99])5. The HENIVOT was a multicenter random-
ized clinical study in which the effects of HFOT and 
helmet NIV were directly compared in patients with 
COVID-19. A total of 109 patients with moderate to 
severe hypoxemia (PaO2/FiO2 ≤200) were included 
in the study. Subjects were randomized into HFOT 
and helmet NIV groups. A significantly lower inci-
dence of intubation in the helmet NIV group than 
in the HFOT group (30% vs. 51%; difference, -21% 
[95% CI -38% to -3%]; p=0.03) and a higher num-
ber of invasive mechanical ventilation-free days at 28 
days in the helmet NIV than in the high-flow nasal 
oxygen group (28 [IQR, 13-28] vs. 25 [IQR 4-28]; 
mean difference, 3 days [95% CI 0-7];  p=0.04) was 
observed10. Aliberti et al. investigated the effect of hel-
met CPAP and COVID-19 in patients with AHRF 
(median (IQR) PaO2/FiO2 ratio 142.9 (96.7-203.2)). 
Median FiO2 of 0.6 (0.5-0.6) and mean ± SD positive 
end-expiratory pressure (PEEP) of 10.8±2.3 cm H2O 
were initially applied. When CPAP treatment was 
initiated, the PaO2/FiO2 ratio significantly improved 
(205.6 (140.0-271.1), p<0.0001). Median duration of 
helmet CPAP treatment was 6 (3-10) days. Only four 
patients discontinued helmet CPAP because of intol-
erance; 55.4% of patients improved during the HDU 
stay, were weaned to oxygen therapy and transferred 
to the general ward11. The advantage of helmet inter-
face is that it enables delivery of a constant and stable 
amount of PEEP with free-flow systems and a PEEP 
valve, with no need for a ventilator. This is particu-
larly useful in the time of the pandemic and lack of 
ventilators in certain centers. Also, these systems are 
simple and require shorter staff training in relation to 
the handling and maintenance of ventilators12,13. An 

additional advantage of the helmet is that it fits bet-
ter, with less leakage than face mask, so it has a lower 
risk of environmental contamination and nosocomial 
transmission of infections14. Moreover, high-efficiency 
particulate air filters can be positioned on the exhala-
tion port of the device, thus further reducing the risk 
of viral spread15.

Settings of Noninvasive Mechanical Ventilation
Studies of invasive mechanically ventilated patients 

with ARDS have shown that ventilation with high 
tidal volumes and elevated driving pressures can cause 
ventilator induced lung injury. We can expect similar 
consequences in patients who breathe spontaneously, 
if large driving pressures and large tidal volumes are 
applied. Accordingly, the concept of patient-self-in-
flicted lung injury (P-SILI) was developed16. The goal 
of respiratory support is to improve oxygenation and 
avoid intubation but also to reduce shortness of breath 
and work of breathing. There is evidence that NIV can 
reduce inspiratory effort only if sufficient pressure sup-
port is applied17. Of course, the application of substan-
tial inspiratory pressures results in an increase in tidal 
volumes18. There is concern that if ventilation using 
high transpulmonary pressures and large tidal volumes 
continues for a long time, it will further induce pro-
gression of lung injury19. This is particularly sensitive 
with NIV because tidal volume and minute ventila-
tion could not be precisely monitored. Goligher et al. 
showed that the benefit of reducing tidal volume on 
mortality in ARDS patients on mechanical ventilation 
depends on elastance, which suggests that lung protec-
tive ventilation primarily depends on driving pressure 
rather than tidal volumes20.

With the onset of the pandemic, numerous societ-
ies issued guidelines on the management of respirato-
ry failure in COVID-19 patients4,21,22. They generally 
agree that in hypoxic COVID-19 patients in whom 
conventional oxygen therapy is not sufficient, the next 
step of treatment should be HFOT. In cases HFOT 
is not available or HFOT fails and there is no urgent 
indication for endotracheal intubation, noninvasive 
pressure support is suggested. Winck and Scala sug-
gest that the primary type of noninvasive pressure sup-
port should be CPAP modality. It is recommended to 
start CPAP if PaO2/FiO2 <200 or PaO2 <60 mm Hg 
or respiratory rate (RR) >30 with the use of oxygen 
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or HFOT. Considering previously well-known benefi-
cial effect of CPAP in patients with obesity hypoven-
tilation syndrome, the use of CPAP is recommended 
even earlier in patients with body mass index (BMI) 
of 30 kg/m2, already when PaO2/FiO2 <300 or oxy-
gen saturation (SpO2) <93% with the use of oxygen 
in a flow rate greater than 5L/min. CPAP should be 
administered with an initial pressure of 10 cm H2O. 
The authors advise not to apply inspiratory pressures 
higher than 12-13 cm H2O in order to avoid baro-
trauma, P-SILI or negative hemodynamic effect23. In 
contrast, the Guidelines of the Italian Thoracic Soci-
ety allow the application of pressures during CPAP 
therapy up to 15-20 cm H2O21. Target SpO2 values ​​
are at least 93% and PaO2 of 60 mm Hg or higher. 
In the study by Aliberti et al., lung recruitability was 
defined as an increase of PaO2/FiO2 ratio of at least 
30% six hours after initiation of CPAP therapy11. If 
CPAP therapy fails, the step-up therapy is NIV. The 
principles of NIV therapy are similar to those in non-
COVID-19 patients. The criteria for starting NIV are 
PaO2/FiO2 <100 and RR ≥30/min or signs of respira-
tory distress with CPAP. It is suggested to use PEEP 
12-16 cm H2O and set inspiratory positive airway 
pressure (IPAP) to target tidal volume (TV) 4-6 mL/
kg. Fraction of inspired oxygen should be applied to 
achieve SpO2 of 90%-95%. The lowest effective IPAP 
and EPAP should be applied in order to avoid fur-
ther induction of lung injury, as well as aerosolization. 
NIV is the first choice therapy in patients with hy-
percapnic respiratory failure23. Whenever possible, it 
is recommended to use high performance ventilators 
because home ventilators usually do not reach an ad-
equate FiO2

21. In the acute and subacute phase, con-
tinuous monitoring of the electrocardiogram, SpO2 
and systemic blood pressure is needed21. It is necessary 
to check the arterial blood gas analysis an hour after 
therapy initiation4. During the period of discontinu-
ation of the mask in order to rest from CPAP/NIV, 
to eat or drink, it is important to maintain adequate 
oxygenation. In these periods, it is recommended to 
apply HFOT at a flow rate of 50 L/min and FiO2 to 
achieve SpO2 of at least 92%23. In patients who require 
24-hour CPAP or NIV support, fluid and food intake 
may be insufficient. It is necessary to take this into ac-
count and, if needed, provide parenteral nutrition and 
fluid replacement21. If NIV failure occurs, an experi-
enced team capable of performing intubation should 

be available. In patients with hemodynamic instability, 
multi-organ failure, abnormal mental status, intoler-
ance of the interface, NIV is not the method of choice. 
Other options such as invasive ventilation should be 
primarily considered24.

Indications for Intubation
Another concern related to the use of noninvasive 

respiratory support is that it will expose the patient to 
the risk of delayed intubation and increased mortali-
ty23. Postponing intubation to the point when it is per-
formed in a condition of emergency may increase the 
likelihood of complications related to the procedure 
itself25. Also, intubation in emergency conditions pres-
ents the risk of incomplete implementation of protec-
tive protocols and increases the risk of transmission of 
infection to medical staff involved in the procedure.

The criteria for intubation are not standardized 
and require judgment of an experienced clinician and 
individualized approach26. Certainly, high-risk pa-
tients are those in whom respiratory failure progresses 
over hours, patients with a permanent need for high 
pressure support and high FiO2. Also, a factor inde-
pendently associated with NIV failure is the previously 
mentioned PaO2/FiO2 <150. It reflects severe respi-
ratory failure and it could probably be used as a sim-
ple criterion to decide which patients should undergo 
early intubation. It is consistent with the risk factors 
previously reported for other forms of acute hypox-
emic respiratory failure8. There are other risk factors 
more specific of COVID-19, such as elevated serum 
concentrations of C-reactive protein or thrombocy-
topenia, which are probably a reflection of an hyper-
inflammatory status or progression towards multiple 
organ failure27,28. 

In the algorithm proposed by Winck and Scala, 
the indications for intubation included the presence 
of either at least 1 major criterion or at least two mi-
nor criteria lasting for ≥1 h. Major criteria included 
respiratory arrest; respiratory pause with unconscious-
ness; severe hemodynamic instability (i.e., systolic blood 
pressure <90 mm Hg instead of adequate volume re-
suscitation); and intolerance of the interface that re-
sults in discontinuation of the device. Minor criteria 
included reduction of ≥30% of basal PaO2/FiO2 ratio; 
PaO2/FiO2 ratio <100; 20% increase of arterial carbon 
dioxide tension if basal arterial carbon dioxide tension 
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was ≥40 mm Hg; worsening of alertness; new onset 
or persistent respiratory distress; SpO2 <90%; and ex-
haustion23. The same criteria were used in the work of 
Alberti et al.11.

Self-Pronation
Prone position (PP) has been used for many years 

in patients with acute respiratory distress syndrome 
(ARDS) receiving invasive mechanical ventilation 
with sedation and paralysis. Numerous trials demon-
strated the effectiveness of PP in improving oxygen-
ation29,30. An important element of the overall suc-
cess and outcome is the duration of PP application. 
In 2013, Guérin et al. found that prone ventilation 
should be employed for at least 16 h/day in order to 
reduce mortality31. Pronation can improve lung me-
chanics and facilitate ventilation. PP results in par-
tially reduced cardiac and abdominal compression on 
the lung parenchyma and consequently increases re-
cruitment of the dorsal lung regions. By decompres-
sion of the dorsal parts of the lungs, which are larger 
in volume than the frontal ones, a greater percentage 
of alveoli are open. This enables ventilation at a lower 
pressure and achievement of targeted oxygenation by 
applying a smaller fraction of oxygen. This reduces 
the likelihood of lung injury caused by mechanical 
ventilation. Also, since pulmonary perfusion is dis-
tributed better to the dorsal lung regions, the over-
all alveolar ventilation perfusion ratio improves32. 
Additionally, this position facilitates drainage of the 
dorsal parts of the lungs and removal of secretions33. 
PP has been studied in awake COVID-19 patients in 
whom noninvasive respiratory support  was applied. 
Ding et al. evaluated the efficacy of early PP com-
bined with either HFOT or NIV in preventing in-
tubation in patients with moderate to severe ARDS. 
There is evidence that early prone in combination with 
either NIV or HFOT may reduce the intubation rate 
in patients with moderate ARDS. The largest increase 
in PaO2/FiO2 was recorded in the group in which 
NIV was combined with PP34. Sartini et al. evaluated 
the effect of PP in COVID-19 patients using NIV. 
It was shown that PP was associated with improved 
oxygenation, increased PaO2/FiO2 ratio, and decreased 
respiratory rate35. However, the results of studies are 
not uniform. In a randomized open-label trial on 
COVID-19 patients who were on oxygen therapy or 
NIV, awake proning did not significantly reduce the 

rate of intubation, mortality, ventilator-free days, or 
ICU-free days36. Considering the lack of clinical evi-
dence, in recently published recommendations for the 
care of COVID-19 patients, the Society of Critical 
Care Medicine (SCCM) provided no recommenda-
tion for PP in nonintubated patients37. Nevertheless, 
clinicians recognized the potential of PP in improv-
ing oxygenation and possibly preventing intubation. 
Awake proning has some peculiarities. Given that pa-
tients on NIV are awake, the duration of the prone 
trial significantly depends on the patient’s tolerance 
of the position. Many patients find this position un-
comfortable; the equipment puts pressure on their face 
or neck or they cannot sleep in PP. Unfortunately, the 
improvement in gas exchange obtained in PP may be 
lost once they return to the supine position38. Thus, it 
is recommended that patients stay in PP as long as 
possible. If an improvement in oxygenation is noticed 
after the first hour, the patient should be stimulated 
to stay in that position as long as possible, at least 6-8 
hours a day23. 

Conclusion
Noninvasive respiratory support is an effective 

method of treating respiratory failure in COVID-19 
patients. If performed by an experienced team, it can 
significantly reduce the need for invasive mechan-
ical ventilation, and save ICU resources. Although 
COVID-19 is caused by a single pathogen, the hetero-
geneity of clinical presentation has been recognized, 
so there is no single strategy that fits all patients. This 
is why individualized approach and careful monitor-
ing of each patient is extremely important. Although 
since the beginning of the pandemic, research has been 
significantly accelerated and knowledge gathered, ad-
ditional research is needed to further define the role 
and principles of management of acute hypoxemic re-
spiratory failure in COVID-19 patients.
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Sažetak

NEINVAZIVNA MEHANIČKA VENTILACIJA U AKUTNOJ RESPIRACIJSKOJ INSUFICIJENCIJI 
ZBOG COVID-19 

G. Pavliša, K. Gašparović, H. Puretić, L. Ljubičić, A. Nekić, V. Vuković, K.Vukančić i A. Vukić Dugac

Bolest uzrokovana novim koronavirusom 2019 (COVID-19) prezentira se širokim rasponom simptoma, od asimptom-
atske bolesti do teške i progresivne intersticijske upale pluća. Kao dio intersticijske pneumonije respiracijska insuficijencija 
tipično je obilježena hipoksijom i najčešći je uzrok hospitalizacije. Kada terapija kisikom ne uspije, kontinuirani pozitivni 
tlak u dišnim putovima (CPAP) ili neinvazivna mehanička ventilacija (NIV) mjere su respiracijske potpore prvog izbora. 
Neinvazivna respiracijska potpora (NIRS) primjenjuje se kako bi se uštedjeli resursi jedinica intenzivnog liječenja i izbjegle 
komplikacije povezane s invazivnom mehaničkom ventilacijom. Uporaba CPAP-a ili NIV-a u liječenju akutne hipoksemične 
respiracijske insuficijencije kod COVID-19 smanjuje potrebu za intubacijom i smrtnost. Prednost NIRS-a je da se može 
provoditi na odjelima. NIV se može primijeniti preko maske ili kacige. Kaciga bolje prianja u odnosu na masku i stoga je 
smanjen gubitak zraka, isporuka pozitivnog tlaka na kraju izdisaja je točnija, a rizik od nozokomijalnog prijenosa infekcija je 
manji. Bolesnici na NIRS-u moraju se pažljivo nadzirati kako se ne bi previdjelo daljnje respiracijsko pogoršanje i kako bi se 
mogle provesti dodatne mjere skrbi uključujući pravodobnu intubaciju i invazivnu mehaničku ventilaciju.

Ključne riječi: Bolest uzrokovana novim koronavirusom 2019; Respiracijska insuficijencija; Kontinuirani pozitivni tlak u 
dišnim putovima; Neinvazivna mehanička ventilacija; Neinvazivna respiracijska potpora
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