
Abstract  
Non-invasive ventilation (NIV) can be used in acute hypoxemic 

respiratory failure (AHRF); however, verifying the best interface for 
its use needs to be evaluated in the COVID-19 pandemic scenario. 
The objective of this study was to evaluate the behavior of the ratio 
of arterial oxygen partial pressure to fractional inspired oxygen 
(PaO2/FiO2 ratio) in patients with AHRF with and without COVID-
19 undergoing NIV with the conventional orofacial mask and the 
adapted diving mask. This is a randomized clinical trial in which 
patients were allocated into four groups: i) group 1: COVID-19 + 
adapted mask (n=12); ii) group 2: COVID-19 + conventional orofa-
cial mask (n=12); iii) group 3: non-COVID-19 + adapted mask 
(n=2); iv) group 4: non-COVID-19 + conventional orofacial mask 
(n=12). The PaO2/FiO2 ratio was obtained 1, 24, and 48 hours after 
starting NIV, and the success of NIV was evaluated. This study fol-
lowed the norms of the Consolidated Standards of Reporting Trials 
statement and was registered in the Brazilian Registry of Clinical 
Trials under registration RBR-7xmbgsz. Both the adapted diving 
mask and the conventional orofacial mask increased the PaO2/FiO2 

ratio. The interfaces differed in terms of the PaO2/FiO2 ratio in the 
first hour [309.66 (11.48) and 275.71 (11.48), respectively] 
(p=0.042) and 48 hours [365.81 (16.85) and 308.79 (18.86), respec-
tively] (p=0.021). NIV success was 91.7% in groups 1, 2, and 3, and 
83.3% in group 4. No adverse effects related to interfaces or NIV 
were observed. NIV through the conventional orofacial mask inter-
faces and the adapted diving mask was effective in improving the 
PaO2/FiO2 ratio; however, the adapted mask presented a better 
PaO2/FiO2 ratio during use. There was no significant difference 
between interfaces regarding NIV failure. 
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Introduction 
Acute hypoxemic respiratory failure (AHRF) is one of the main 

causes of hospitalization for adult patients in intensive care units 
(ICU), with a high evolution rate to orotracheal intubation (OTI) [1]. 
However, invasive mechanical ventilation is associated with the 
occurrence of serious adverse events, and the use of non-invasive 
methods in treating AHRF and OTI prevention is associated with a 
decrease in mortality [2]. 

Non-invasive ventilation (NIV) is used to reduce hypoxemia, 
the work of breathing, and the need for supplemental oxygen therapy 
[3]. As a result of the COVID-19 pandemic, NIV has been used in 
patients with moderate to severe AHRF and can be applied inside 
and outside the ICU using adapted interfaces [4-6]. 

The need for hemodynamic and respiratory support with posi-
tive end-expiratory pressure (PEEP) to improve oxygenation has 
become necessary for severe cases in which the patient develops 
AHRF. Implementing NIV becomes vital until pharmacological 
treatment becomes effective, and the need to evaluate other NIV sys-
tems and interfaces (such as the use of an adapted diving mask) 
arose due to massive hospitalizations caused by respiratory distress 
and the need for OTI during the COVID-19 pandemic [7,8]. 

Conventional orofacial masks for NIV using continuous positive 
airway pressure (CPAP) or bilevel positive airway pressure (BiPAP) 
have been widely used, while the safety and efficacy of new NIV 
interfaces that promote stable oxygenation levels, avoid OTI, and 
reduce aerosolization have been tested [9-13]. 

The ratio between the partial pressure of oxygen (PaO2) and the 
fraction of inspired oxygen (FiO2) (PaO2/FiO2) has primarily been 
investigated as a marker of disease severity [14], oxygenation status, 
and length of hospital stay [15]. In the context of COVID-19, 
Colaneri et al. [16] found a univariate correlation between the 
PaO2/FiO2 ratio and disease severity. A study by Zinellu et al. sug-
gested that a single PaO2/FiO2 measurement in the first 24 hours of 
admission can independently predict the length of hospital stay in 
patients with COVID-19 [17]. 

Investigating the effects of NIV on AHRF caused by COVID-19 
or by another diagnosis is necessary since its application can mini-
mize respiratory failure when properly indicated and constitutes a 
fact that justifies developing studies such as this one. Thus, the pres-
ent study aimed to evaluate the behavior of the PaO2/FiO2 ratio in 
patients with AHRF with and without a diagnosis of COVID-19 and 
submitted to NIV with different interfaces (conventional orofacial 
mask and adapted diving mask). This study is based on the hypoth-
esis that the use of NIV through an adapted interface is not inferior 
when compared to NIV using a conventional mask and may improve 
the PaO2/FiO2 ratio of these patients. 

 
 

Materials and Methods 
This is a randomized and controlled clinical trial developed in 

the ICU of two hospitals in the state public network of Pernambuco 
(Regional Hospital of Agreste, Caruaru and Otávio de Freitas 
Hospital, Recife, Brazil) in the period from September 2020 to July 
2021. The study was developed after approval from the Research 
Ethics Committee and the National Research Ethics Committee 
(CAAE: 30783720.7.0000.5343, opinion no. 4.305.813), respecting 
all the norms of Resolution 466/12 of the National Health Council. 
Patients or their guardians consented to their participation in the 
study by signing the Informed Consent Form. This study followed 
the norms of the Consolidated Standards of Reporting Trials (CON-

SORT) statement [18]. The study was registered in the Brazilian 
Registry of Clinical Trials, under registration number RBR-
7xmbgsz. There was no source of funding for this study. 

Patients admitted to the ICUs of the participating hospitals, with 
or without the diagnosis of COVID-19, of both genders, aged 
between 18 and 90 years, with a PaO2/FiO2 ratio <200 and clinical 
indications for the use of NIV, were included in the study. Patients 
with claustrophobia, facial anomalies, facial trauma or burns, severe 
hematemesis, massive hemoptysis, hemodynamic instability (sys-
tolic blood pressure <90 mmHg or using vasopressors or inotropes), 
ongoing angina/acute myocardial infarction or arrhythmia with 
hemodynamic impact, or those who showed poor adaptation signs to 
the interface, were unable to protect the airways, refused to use NIV, 
in a coma (Glasgow coma scale <8), in the postoperative period of 
esophageal or of the upper respiratory tract in the last two weeks, in 
post cardiorespiratory arrest, or those who refused to participate in 
the study were excluded. 

The sample was selected consecutively, and the patients were 
randomized into blocks through the randomization.com program by 
a researcher not involved in the study, placed in opaque and num-
bered envelopes, and then handed over to the researchers responsible 
for patient care. The patients were allocated into four groups: i) 
group 1: COVID-19 + adapted diving mask; ii) group 2: COVID-19 
+ conventional orofacial mask; iii) group 3: non-COVID-19 + adapt-
ed diving mask; iv) group 4: non-COVID-19 + conventional orofa-
cial mask. The adapted diving mask can be seen in Figure 1 [19]. 

The technology used in the adapted diving mask was developed 
by the Mergulhadores do Bem group, which was responsible for the 
manufacturing and 3-dimensional printing of the mask parts [20]. 
These masks were initially used as personal protective equipment 
for health professionals, but over time they were adapted for NIV, 
aiming to reduce the demand for invasive ventilatory support equip-
ment [13]. The group of researchers disseminated this technology in 
Brazil, first by performing equipment safety tests such as the bench 
test and then supplying it to a research group at the University of 
Santa Cruz do Sul [20], from which this study was derived. 

The sample size was initially calculated in a pilot study with 20 
participants, divided into the adapted diving mask group (n=10) and 
the conventional mask group (n=10). Based on the mean(standard 
deviation) of the PaO2/FiO2 ratio being 371.74 (81.07) in the first 
group and 248.27 (45.64) in the second group, a total of 12 individ-
uals was estimated with an effect size of 1.88. Given the occurrence 
of the COVID-19 pandemic and the availability of patients with and 
without a diagnosis of COVID-19, the researchers decided to 
increase the sample and create four groups with and without a diag-
nosis of COVID-19 for each of the two types of masks. 

The adapted diving mask has its own fasteners made of fabric, 
and its contact area with the face is made of silicone to improve 
patient comfort. Adjustments were made to guarantee greater unifor-
mity in the contact areas of the mask with the skin, avoiding greater 
pressure on bony prominences. 

The primary outcomes evaluated were the PaO2/FiO2 ratio 
obtained 1, 24, and 48 hours after initiating NIV, and NIV failure for 
clinical purposes was defined as the evolution to OTI within 48 
hours of starting NIV, secondary to the occurrence of lack of adap-
tation to the interface, hemodynamic instability, depression of the 
cognitive state, psychomotor agitation, lack of airway defense, and 
severe bronchospasm [21]. Furthermore, the present study considers 
NIV success as a non-evolution to OTI. 

An anamnesis was initially performed containing clinical data 
(symptoms, comorbidities, characterization of smoking), anthropo-
metric and sociodemographic data, in addition to the perception of 
dyspnea (Borg scale), and arterial blood gas analysis (PaO2, partial 
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pressure of carbon dioxide, pH, and arterial oxygen saturation) for 
sample characterization purposes. 

The predicted body mass (Kg) was estimated considering the 
height and gender variables using the formula described by Schultz 
et al. [22] and Seiberlich et al. [23] for men [50+0.91×(height-
152.4)] and for women [45.5+0.91+(heigh-152.4)]. Height (m) 
was calculated using a 1.5-m inelastic anthropometric tape with a 
1-cm interval, as proposed by Mitchell and Lipschitz [24]. The 
body mass index was subsequently calculated through the ratio 
between body mass and height squared [25]. The perception of 
effort was assessed using the Borg scale, adapted from the scale 
used to measure dyspnea [26]. Numerical indices ranging from 0 
(no effort) to 10 (exhaustive effort) were considered for the inter-
pretation [27]. 

Arterial blood gas analysis was obtained at the patient’s admis-
sion to the unit, and the PaO2/FiO2 ratio was then calculated before 
starting NIV. This variable was calculated at baseline (before NIV) 
and again at 1, 24, and 48 hours after NIV. 

Two interfaces were used to perform NIV: the conventional oro-
facial mask and the adapted orofacial mask (adapted diving mask). 
The adapted diving mask (Owner) was developed to produce greater 
comfort for the patient and safety for health professionals, being 
composed of 3D-printed parts [10]. The conventional orofacial mask 
is a silicone interface that allows nasal or oral breathing but makes 
communication difficult, is widely used for NIV, and causes higher 
leakage rates [28]. 

NIV was instituted using a dual-limb mechanical ventilator 
available at the health facility (preferably the SERVO-S, Maquet 
Critical Care, São Paulo, Brazil). A viral and bacteriological filter 
with 99.9% filtration was used to avoid the spread of particles. 

NIV was instituted for one hour in CPAP or BiPAP mode. 

Inspiratory pressure and expiratory pressure ranged between 10 and 
16 cmH2O and 5 and 10 cmH2O, respectively. CPAP was adjusted 
between 5 and 10 cmH2O. Both modalities (CPAP or BiPAP) were 
associated with a minimum FiO2 (between 35 and 60%) to measure 
SpO2 between 93% and 96%, FiO2≤50%, and respiratory rate <24 
bpm after the first hour of NIV. 

Hemodynamic instability (heart rate <60 or >120 bpm, systolic 
blood pressure <90 mmHg, mean arterial pressure <65 mmHg), 
bronchoaspiration, aerophagia, and lowered consciousness (due to 
hypoventilation) were considered adverse effects regarding NIV. 
Skin lesions and irritation, claustrophobia, leaks, dryness in the oral 
and nasal regions, and excessive mask pressure on the face were 
considered adverse effects of NIV masks. 

The following interruption criteria were considered: clinical 
worsening, hemodynamic instability, depression of cognitive status, 
psychomotor agitation, lack of airway defense, poor adaptation to 
the interface, and the presence of severe bronchospasm or sustained 
desaturation. 

 
Statistical analysis 

The Kolmogorov-Smirnov and Levene tests were used to verify 
the distribution of normality and homogeneity of the variances of the 
study variables (before, after 1, 24, and 48 hours after NIV), respec-
tively. A relative and absolute description of the patients who 
received NIV was performed, with non-evolution to OTI being con-
sidered a “success”, while NIV failure, which proceeded to OTI dur-
ing the follow-up period in the study (up to 48 hours), was consid-
ered “unsuccessful”. 

One-way analysis of variance was used to verify the initial dif-
ferences between patients, and the analysis of repeated measures 
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Figure 1. Adapted diving mask. A) Side view of adapted diving mask (Owner type); B) front view of adapted diving mask (Owner type). 
Reproduced from: https://www.owntec.com.br/mergulhadores/
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with two factors was used to evaluate the oxygenation behavior 
(PaO2/FiO2 ratio) throughout the study (before, at 1, 24, and 48 
hours), considering the presence of COVID-19 (yes or no) and the 
type of mask used (adapted or conventional diving mask), and 
checking all possible interactions. Then, the Mauchly sphericity 
test was performed, followed by the Greenhouse-Geisser correc-
tion. Sidak’s test was used for post hoc analysis (p<0.05). The vari-
ation (d) of the PaO2/FiO2 ratio was evaluated for each mask, and 
the difference between the last mask and the previous one at the 
initial, 1, 24, and 48-hour NIV times was expressed as the mean 
and confidence interval. The paired Student’s t-test was used to 
compare these changes. The statistical analysis was performed 
using SPSS version 20.0. The method was developed according to 
the project of Paiva et al. [20]. 

 
 

Results 
A total of 48 patients with AHRF and NIV indications participat-

ed in the study. The CONSORT flow diagram is represented in 
Figure 2. 

The sample characteristics are described in Table 1. There was 
no record of losses in the sample, nor was there any report of adverse 
effects. After the analysis of variance between the groups (COVID-
19 and non-COVID-19), the masks (adapted and conventional div-
ing mask), and PaO2/FiO2 (before, 1, 24, and 48 hours) variables, no 
interaction was observed between the PaO2/FiO2 ratio and the group 
(p=0.221), or the PaO2/FiO2 ratio, group, and mask (p=0.114), with 
an interaction between the PaO2/FiO2 ratio and mask [F (1.830; 
80.533)=9.951, p=0.005], and the PaO2/FiO2 ratio and the evaluation 
moments (1 and 48 hours after) [F (1.830; 80.533)=188.320, 
p<0.001]. 

The moments (before, 1, 24, and 48 hours) of the PaO2/FiO2 
ratio differed from each other (p<0.001). An interaction was also 
observed between the moments of obtaining the PaO2/FiO2 ratio and 
the type of interface (adapted diving mask and conventional orofa-
cial) (p=0.006); however, no difference was observed between them 

(p=0.079) within the moments in which the PaO2/FiO2 ratio was 
obtained when the mask was considered in the analysis. 

Regarding the type of mask and the moments in which the 
PaO2/FiO2 ratio was obtained, as considered in the analysis model, it 
was observed that patients who used the adapted diving mask 
showed improvement in the PaO2/FiO2 ratio at 1 hour (p<0.001), 24 
hours (p<0.001), and 48 hours (p<0.001) in relation to the time 
before NIV was instituted. No difference was observed between the 
moment of 1 hour in relation to the moment of 24 hours (p=0.773) 
in obtaining the PaO2/FiO2 ratio. 

An increase in the PaO2/FiO2 ratio was observed in relation to 
the conventional mask at 1 hour (p<0.001), 24 hours (p<0.001), and 
48 hours (p<0.001) after NIV. However, no differences were 
observed between the 1-hour and 48-hour moments (p=0.051), or 
between the 24-hour and 48-hour moments (p=0.824) in obtaining 
the PaO2/FiO2 ratio for patients who used this face mask. 

The adapted and conventional orofacial diving masks differed 
from each other regarding the behavior of the PaO2/FiO2 ratio at 1 
hour [309.65(11.47)×275.70(11.47); p=0.042] and at 48 hours 
[365.81(16.86)×308.78(16.86); p=0.021]. The adapted diving mask 
presented a better oxygenation level in relation to the conventional 
orofacial mask at these times. Table 2 expresses the behavior of the 
PaO2/FiO2 ratio before, at 1, 24, and 48 hours after the use of NIV, 
comparing the two interfaces used. 

Regarding the ventilatory modes, 79.2% of the sample used 
CPAP and 20.8% used BiPAP. On average, group 1 (COVID-19 + 
adapted diving mask) had a mean PEEP of 8.3 (2.18) cmH2O and 
FiO2 of 47.91% (7.21). The mean PEEP in group 2 (COVID-19 + 
conventional orofacial mask) was 8.41 (1.67) cmH2O and FiO2 

47.08% (7.21); group 3 (non-COVID-19 + adapted diving mask) 
had a mean PEEP of 8.58 (1.62) cmH2O and FiO2 49.58% (7.52); 
and group 4 (non-COVID-19 + conventional orofacial mask) had a 
mean PEEP of 9 (1.27) cmH2O and FiO2 45% (6.03). 

It can be observed that the outcome of NIV clinical success 
among those who used an adapted diving mask was 91.7% for both 
group 1 (n=11) and group 3 (n=11). Moreover, success for the con-
ventional orofacial mask was 91.7% (n=11) for group 2 and 83.3% 
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Figure 2. Flowchart of the study.

Non
-co

mmerc
ial

 us
e o

nly



[page 124]                                                   [Monaldi Archives for Chest Disease 2024; 94:2512]                               

(n=10) for group 4. The failure outcome was 8.3% (OTI) for the 
adapted diving mask groups (groups 1 and 3), while it was 16.7% 
(death, 2 patients) for group 2 and 8.3% (OTI) for group 4 who used 
the conventional mask, respectively. 

 
 

Discussion 
The present study was the first randomized clinical trial on the 

use of a mask adapted for NIV in the context of the COVID-19 pan-
demic and demonstrated that NIV increased the PaO2/FiO2 ratio in 
the first hour using a conventional mask and an adapted diving 
mask. However, patients who used the adapted diving mask 
obtained greater oxygenation over the evaluation time (48 hours) 
than the conventional orofacial mask. 

Although the adapted diving mask was initially used as personal 
protective equipment for health professionals [10,29,30], studies 
have been developed using it in patients with COVID-19 [13,31], in 
which it was able to reverse AHRF and improve the PaO2/FiO2 ratio. 

The use of the adapted diving mask and the conventional orofa-
cial mask for NIV in critically ill patients with and without the diag-
nosis of COVID-19 developed in the present study proved to be 
effective in improving the PaO2/FiO2 ratio; however, the former 
showed better rates of this ratio up to 48 hours during which these 

patients were monitored. These results provide evidence that NIV 
can reverse AHRF in these patients. 

The clinical relevance of this study regards the use of an adapted 
orofacial mask that did not present adverse effects during its use and 
enabled NIV success when compared to the conventional orofacial 
mask. Considering the scenario caused by the pandemic, clinical 
improvement and non-progression of patients to invasive mechani-
cal ventilation using this ventilation strategy with both masks proved 
to be safe and efficient in these patients, especially considering the 
performance of the adapted mask. 

Adapted interfaces have been used in cases of AHRF to reduce 
the risks of OTI and mortality [2,13], similar to what was performed 
in this study. One type of relatively common interface is the Helmet. 
The study by Chaudhuri et al. [32] used the Helmet in hypoxemic 
patients to reduce mortality and the OTI rate compared to the use of 
conventional orofacial masks and high-flow nasal catheters, in 
which they found a similar finding to our study, namely, that the 
group that used the conventional orofacial mask presented a higher 
OTI rate than those who used the Helmet, but its effect on mortality 
is uncertain. However, the evidence of this study is low due to its 
methodological limitations, making it necessary to develop better-
quality randomized controlled trials. 

Although studies with diving masks adapted for NIV are still 
scarce, Wagner et al. reported their use in a clinical case of a patient 
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Table 1. Initial characteristics of patients before non-invasive ventilation (one-way analysis of variance, p<0.05).  

Variables                                                Group 1 (n=12)             Group 2 (n=12)           Group 3 (n=12)             Group 4 (n=12) 

Gender (M) n%                                                       7 (58.3)                                 7 (58.3)                              7 (58.3)                                7 (58.3) 
Age (years) mean (SD)                                      63.75 (20.77)                       52.17 (14.90)                     68.00 (14.00)                       56.42 (22.18) 
Height (meters) mean (SD)                                  1.70 (0.10)                            1.69 (0.07)                         1.72 (0.10)                           1.70 (0.09) 
Pred weight (Kg) mean (SD)                             64.75 (11.00)                         64.70 (9.47)                      66.48 (11.14)                        63.59 (9.93) 
BMI (Kg/m2) mean (SD)                                    25.90 (4.70)                          24.32 (5.00)                       24.41 (3.53)                         25.56 (4.23) 
Comorbidities n (%) 
  SAH                                                                       7 (58.5)                                 2 (16.7)                              9 (75.0)                                9 (75.0) 
  DM                                                                        4 (33.3)                                 3 (25.0)                              3 (25.0)                                3 (25.0) 
  Obesity                                                                   1 (8.3)                                  2 (16.7)                              3 (25.0)                               4 (33.3) 
  Dyslipidemia                                                         4 (33.3)                                  0 (0.0)                               4 (33.3)                                3 (25.0) 
  Ischemic heart disease                                           1 (8.3)                                   0 (0.0)                               3 (25.0)                                4 (33.3) 
  CHF                                                                       3 (25.0)                                  1 (8.3)                               5 (41.7)                                4 (33.3) 
  Pulmonary heart disease                                        1 (8.3)                                   0 (0.0)                                1 (8.3)                                 4 (33.3) 
  Cancer                                                                    1 (8.3)                                   0 (0.0)                                0 (0.0)                                  0 (0.0) 
  PaO2 (mmHg) mean (SD)                                 61.66 (6.70)                          65.05 (5.80)                       62.46 (5.75)                        62.97 (5.75) 
  PaCO2 (mmHg) mean (SD)                              29.45 (6.09)                          29.36 (4.78)                       30.31 (7.22)                         32.68 (6.87) 
  pH mean (SD)                                                    7.41 (0.06)                            7.43 (0.06)                         7.43 (0.06)                           7.40 (0.06) 
  SaO2 mean (SD)                                                90.81 (2.11)                          91.58 (1.87)                       91.20 (1.98)                         90.55 (2.31) 
  Borg median (IQR)                                        8.00 (6.00-8.00)                  7.50 (5.00-10.00)               7.50 (5.00-10.00)                 6.0 (5.00-10.00) 
M, male; SD, standard deviation; BMI, body mass index; SAH, systemic arterial hypertension; DM, diabetes mellitus; CHF, congestive heart failure; PaO2, partial pressure of 
oxygen; PaCO2, partial pressure of carbon dioxide; pH, hydrogen potential; SaO2, arterial oxygen saturation; IQR, interquartile range.  
 
 
Table 2. Average of changes (δ) with regards to the ratio of arterial oxygen partial pressure to fractional inspired oxygen between the 
masks. 

Time             Conventional mask          δ (%)*                    p value        Adapted diving mask         δ (%)                     p value 
                              (CI 95%)                                                                                  (CI 95%)                          

Before             170.48 (157.72-183.25)                                                                        163.78 (151.02-176.55)                                                        
1 hour              275.70 (252.60-298.81)     105.22 (52.03)                   <0.001            309.65 (286.55-332.76)     145.87 (45.94)                   <0.001 
24 hours          297.93 (273.31-322.54)       22.22 (38.29)                    <0.001            317.57 (292.95-342.19)        7.91 (21.71)                       0.87 
48 hours         308.78 (274.84- 342.73)      10.85 (42.09)                      0.21              365.81 (331.87-399.76)       48.24 (49.18)                    <0.001 
CI 95%, confidence interval; Paired Student’s t-test, p<0.05; *δ compared to the previous evaluation time point.
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with severe COVID-19 and AHRF [31]. In this case, NIV was asso-
ciated with the prone position, and an increase in the PaO2/FiO2 ratio 
and clinical success were observed. The adapted diving mask was 
also used in another case study developed by Bibiano-Guillen et al. 
with patients with COVID-19 and experiencing AHRF [13]. 
According to these authors, an increase in peripheral oxygen satura-
tion was observed in the first hour of its application, and no serious 
adverse events were found in the patients. Our study was the first to 
develop a controlled clinical trial with this same population of 
patients to verify the efficiency of this mask in clinical practice in 
relation to the conventional mask, and the results are favorable to its 
use in clinical practice. 

Regarding the clinical success of NIV, our results point to AHRF 
resolution within the first 48 hours, with stabilization in most 
patients and for both interfaces used. NIV success criteria [33,34] do 
not necessarily represent success, especially when other factors may 
be contributing to the clinical deterioration and were not analyzed 
during the study, since the presence of associated comorbidities and 
pro-inflammatory cytokine storm leads to the clinical worsening of 
respiratory failure [35]. 

Burton-Papp et al. [36], Ashish et al. [37], and Sartini et al. [38] 
evaluated the NIV success rates in patients with COVID-19 in 
AHRF (82.5%, 93.2%, and 96%, respectively) with similar findings 
to those of this study; however, they only used a conventional oro-
facial mask. Contrary to the above findings, some observational 
studies have observed NIV success rates of 48.1% [39], and 58% 
[40], and higher OTI rates in these patients. Burns et al. found suc-
cess in 50% of patients who used NIV [41]; however, they were able 
to verify that failure was associated with age over 80 years and the 
presence of comorbidities. The main factors associated with vari-
ability in success rates are related to the type of study (observational) 
and the methods of applying NIV without standardization or ran-
domization for these patients. 

The evaluation period used in the study comprised controlling 
ARF signs and symptoms; however, adaptation to the ventilatory 
interface may have contributed to improving and maintaining the 
PaO2/FiO2 ratio. Among the factors associated with adaptation to 
the interface, the comfort provided by the adapted diving mask 
may be responsible for the tendency to gain oxygenation over time 
in these patients. 

The COVID-19 pandemic has provided and still provides an 
investigation of resources that can provide relief and reversal of 
severe AHRF cases; the use of NIV can prove effective in these sit-
uations, provided that the indication is accurate, that there is care 
about environmental contamination, and that it is taken by profes-
sionals. According to our results, the application of NIV using con-
ventional and adapted orofacial masks provided clinical and 
PaO2/FiO2 ratio improvements, with success rates considered satis-
factory. The adapted mask provided higher oxygenation levels 
throughout the follow-up period for these patients when compared to 
the conventional mask. 

The choice of the ventilatory interface may be associated with 
the success of NIV. Interfaces that provide less air leakage, greater 
comfort, and better communication between the patient and the 
physiotherapist, as is the case with the adapted diving mask, may 
present better acceptance and favor its use. However, choosing the 
“ideal” interface is hampered by availability in the health service, 
high production costs, and high demand [42]. 

 
Limitations 

As this is an experimental study with a diving mask adapted for 
use in NIV, the studies published to date were limited to the descrip-

tion of cases [13,31], thus making it difficult to compare our findings 
with studies of better methodological quality. However, even in this 
difficult scenario, it was possible to develop an accurate and judi-
cious protocol when evidence was still scarce and the vast majority 
of studies were observational. Given the urgency and severity of 
patients with AHRF and the need to save lives, this study was con-
cerned with establishing evaluation and follow-up criteria to add to 
the knowledge that already existed and, until now, was incipient. The 
monitoring period of the PaO2/FiO2 ratio needs to be expanded in 
these patients in future studies. 

 
 

Conclusions 
The use of NIV as a therapeutic method in patients with AHRF 

and with or without COVID-19 improved the PaO2/FiO2 ratio. 
Both NIV interfaces used (conventional orofacial and adapted div-
ing masks) proved to be effective, although it was observed that 
the adapted mask showed better performance in maintaining the 
PaO2/FiO2 ratio up to 48 hours after starting its application. There 
was no significant difference between interfaces regarding NIV 
failure. 
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