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Abstract 
Importance: The best respiratory support technique to reduce intubation and 
mortality in patients with respiratory failure due to COVID-19 is controver-
sial. Objective: To determine the respiratory support technique that could 
reduce the need for tracheal intubation and mortality in patients with respi-
ratory failure due to COVID-19 admitted to intensive care units (ICUs) of 
Military’s Hospital (HIAOBO) in Gabon. Design, Setting, and Participants- 
Methodology: Prospective observational study over 10 months (January 
2021-October 2021). We included patients admitted to intensive care for 
SARS Cov2 pneumonia who had benefited from available ventilatory support: 
high concentration face mask, High Flow Nasal cannula (HFNC), NIV (Non 
Invasive Ventilation), Continuous Positive Airway Pressure (CPAP). The 
choice was guided by the clinical condition, and the choice of the prescribing 
physicians. Recourse to mechanical ventilation was decided when faced with 
a Glasgow score of less than 13, an SpO2/FiO2 ratio ≤ 300, a FR ≥ 35/min, the 
impossibility of drainage of secretions. Main Outcomes and Measures: The 
primary outcome was the proportion of patients requiring intubation. The 
secondary outcomes were mortality in ICU. Results: The sample included 97 
patients, the average age was55.6 years, hypertension was the main comor-
bidity (51.1%). Mean respiratory rate (RR) was 30.8 cycles/min, admission 
SpO2 was 83%, respiratory alkalosis was present in 63% of patients, mean CT 
involvement was 51%.Respiratory support was NIV (56.7%), CPAP (21.65%), 
high concentration face mask (18.55%). Sixteen percent (16%) of patients 
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were intubated, 93% of them following failure of NIV. Mortality was 30%, 
mechanical ventilation was an independent risk factor for mortality. Conclu-
sions: Non Invasive Ventilation, CPAP, and high-concentration face mask 
were frequently used in patients with COVID-related acute respiratory fail-
ure. The CPAP has reduced the need for intubation. Mechanical ventilation is 
a risk factor for death. 
 

Keywords 
Respiratory Failure, COVID 19-Intensive Care Units, Military Hospital,  
Gabon 

 

1. Introduction 

Oxygenation is essential in patients admitted to intensive care for SARS-CoV-2 
pneumonia. Oxygen therapy performed with different interfaces ranging from 
high concentration masks to mechanical ventilation, the frequency of use varies 
between centers and depends on the clinical picture. In Yang’s study carried out 
at the start of the pandemic, mechanical ventilation and non-invasive ventilation 
were the most used, followed by the nasal cannula with a high mortality rate [1]. 
The strategy for using the interfaces is progressive, depending on the initial clin-
ical picture. In many centers, a patient who arrives in the emergency room with 
hypoxia is put on a single nasal cannula (NC) or face mask (FM). Patients who 
present with a clinical picture ranging from “normal” to “tachypneic” with nor-
mal oxygen saturation generally have an outpatient pulse oximetry recording for 
60 s to screen for exertional hypoxia (i.e. say silent or occult) [2] [3]. Patients 
with hypoxemic acute respiratory failure unresponsive to simple nasal cannula 
and/or face mask (FM) oxygenation may benefit from high flow nasal cannula 
(HFNC). In some centers, some patients are initially placed under the high-flow 
nasal cannula (HFNC) without resorting to endotracheal intubation. This ap-
proach is controversial by some centers which favor non-invasive ventilation 
(NIV) as first intention. In our intensive care unit, 04 techniques are used grad-
ually depending on the availability of devices and the training of paramedical 
teams and the prescription habits of medical teams.The aim of the study was to 
assess the effectiveness of different various respiratory assistance techniques 
available, Facial Mask(FM), High Flow Nasal Cannula (HFNC) type Optiflow®, 
Boussignac® CPAP (Continuous Positive Airway Pressure), Non Invasive Venti-
lation (NIV) and the use of mechanical ventilation (MV) in the management of 
SARS COV 2 pneumonia at Omar Bongo Ondimba Army Training Hospital 
(HIAOBO). 

2. Material and Method 

The study received approval from the ethics committee of the Omar Bongo On-
dimba Army Training Hospital, Gabon. 
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• Study Design 
This is a prospective observational study over 10 months (January 2021- 

October 2021). Study carried out in intensive care unit Omar’s Bongo Ondimba 
Army Training Hospital in Gabon. 
• Participant 

Patients could be enrolled if they have all the following criteria: age older than 
18 years, suspected or confirmed diagnosis of COVID-19 (via reverse transcrip-
tase-polymerase chain reaction test from a nasopharyngeal swab), a pulmonary 
infiltrate, and a ratio of partial pressure of arterial oxygen to fraction of inspired 
oxygen (PaO2/FiO2) equal to or below 200 mm Hg while breathing oxygen at a 
flow rate of 10 L/min or more for at least 15 minutes. Fio2 was estimated as fol-
lows: FiO2 = 0.03 × (oxygen flow L/min) + 0.21. 

Inclusion criteria: adult patients with respiratory failure due to COVID-19 
were included 

Non inclusion criteria : The exacerbation of chronic lung disease, cardiogenic 
pulmonary edema, hemodynamic instability defined by signs of hypoperfusion 
or use of vasopressors, Glasgow Coma Scale score equal to or below 12 points, 
urgent need for endotracheal intubation and refusal to participate. 
• Protocol 

The Optiflow® was initiated in patients with a respiratory rate (RR) ≥ 30 and 
an SpO2 ≤ 93%. Under Optiflow®, the flow rate was set to the minimum value of 
30 L/min and the FiO2 titrated for SpO2 > 92%. NIV or CPAP were immediately 
initiated when RR > 35 and SpO2 < 92. The management objectives were SpO2 ≥ 
92%, RR ≤ 35, a SpO2/FiO2 ratio ≥ 300 in patients who had or had not benefited 
from an arterial blood gas measurement [4]. The choice of technique was left to 
the discretion of the clinician. The NIV (with Spontaneous Ventilation with in-
spiratory support) and CPAP of Boussignac® were carried out for one hour every 
4 hours, between the sessions, the patient was put under a high concentration 
mask at 12 L/min. The Optiflow® was put on continuous. Mechanical ventilation 
was performed in the event of failure of NIV/CPAP defined by the need for con-
tinuous NIV/CPAP, the occurrence of impaired consciousness (Glasgow score 
less than 13), severe hypoxia with an SpO2/FiO2 ratio ≤ 300. Failure of HFNC 
treatment was defined by the need for intubation. For decision to intubate the cli-
nician was left to the discretion of the clinician could use the following criteria: 
1/Glasgow score < 12; 2/Cardiac arrest—haemodynamic instability, 3/Respiratory 
criteria with at least two of the following criteria (PaO2 < 60 mmHg or SpO2 < 
90% under FiO2 = 1, Respiratory acidosis with pH < 7.25, Respiratory rate > 35 
Cycles/min, impossibility of drainage of secretions. All patients had received an-
tibiotic therapy with Ceftriaxone and Azithromycin, curative dose low molecular 
weight heparin (LMWH), vitamin C, Zinc. 
• Outcomes 

The primary outcome was the proportion of patients who required endotra-
cheal intubation. The secondary outcomes: included the mortality in the ICU. 
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• Statistical Analysis 
Using SPSS version 25 software. Categorical variables were expressed as per-

centages and quantitative variables were expressed as mean and standard devia-
tion. The association between categorical variables was evaluated by the Chi2 or 
Fisher test for small numbers. The significance threshold was set at 5%. 

3. Results 

Of 105 patients admitted for SARS-COV-2 pneumonia, 97 patients were in-
cluded. The sample was between 15 and 85 years old, with an average age of 55.6 
± 14.6 years. The most representative age was 50-60 years old, comprising 30% 
of patients. There were 47 women (48.5%) and 50 men (51.5%), giving a sex ra-
tio of 1.06. High blood pressure and diabetes were the main medical histories. 
33% of patients admitted to intensive care had at least 2 defects. The association 
HTA/Diabetes was the most found (20%). 28% of patients had no history. Only 
43 patients had undergone gas analysis on admission. The majority of patients 
were in respiratory alkalosis (63%). The severity of the respiratory impairment 
was assessed with the SpO2/FiO2 ratio for everyone. 86 patients had performed a 
chest CT scan, the ground glass appearance was predominant (80%). 

Table 1 summarizes the patient characteristics. 
 

Table 1. Patients’ characteristics. 

 Number (% ) 

Mean age (years) 55.6 

Sex  

­ Men 50 (51.5) 

­ Women 47 (48.5) 

Comorbidities  

­ hypertension 50 (51.1) 

­ Diabetes 33 (34) 

­ None 27 (27.8) 

Number of comorbidities  

­ 1: 38 (39.2) 

­ 2: 24 (24.7) 

­ 3: 7 (7.2) 

­ 4: 41 (1) 

Respiratory rate (cycle/min)  

­ Mean 30.8 ± 7 

­ <24 8 (8.2%) 

­ 24 - 30 45 (46.4%) 

­ >30 44 (45.4%) 
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Continued 

SPO2 (%)  

­ Mean 83 ± 12.5 

­ <90% 61 (62.9) 

­ 90% - 95% 30 (30.9) 

­ >95% 6 (6.2) 

Blood gas (N = 43)  

­ Respiratoryalkalosis 63% 

­ Respiratoryacidosis 16% 

­ Metabolicacidosis 13% 

­ Metabolicalkalosis 5% 

Chest CT scan (N = 86)  

­ Mean: 51% ± 6% 

­ <30% 18 (20.9%) 

­ 30% - 60% 38 (44.2%) 

­ >60% 30 (34.9%) 

Signs of respiratory struggle  

­ Presence of signs 56 (526%) 

­ Absence of signs 41 (47.4%) 

 
Biological examinations 
There was mainly acute renal failure and an increase in thrombosis markers. 

Table 2 summarizes the biological constants. 
Ventilatory assistance: The frequency of use of the techniques depended on 

the clinician and the availability of the devices (02 Optiflow® devices were availa-
ble) (Table 3). 

Evolution: Favorable evolution in 68.05% of patients. Mortality was 30% (n = 
30). Due to lack of available space, 1% of patients were transferred to another 
hospital. The average length of stay was 6.51 days with extremes of 1 and 32 days 

Prognostic factors (Table 4, Table 5) 
The risk factors for mortality were the degree of lung invasion measured by 

chest CT scan (Table 4). 
Mechanical ventilation was significantly correlated with mortality (Table 5). 

4. Discussion 

Our study aimed to compare the effectiveness of different ventilatory assistance 
techniques, their impact on mortality and the use of mechanical ventilation in 
patients with SARS Cov 2 pneumonia. In our prospective observational study, 
56.70% of patients benefited from NIV, 21.65% from CPAP and 3.10% from Op-
tiflow. 
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Table 2. Biologic results. 

Mean ± Standard Deviation Extremes 

Leukocytes (103/mm3) 12 ± 4.5 3.9 - 24 

Hemoglobin (g/dl) 11.9 ± 2.1 6.1 - 15.5 

Hematocrit (%) 33.9 ± 8.3 15.1 - 66.1 

Platelets (103/mm3) 210.1 ± 87.2 33.0 - 399.0 

D-Dimers (ng/l) 7668.2 ± 22615.4 100.0 - 123329.0 

Urea (mmol/l) 10.5 ± 12.4 2.9 - 73.3 

Creatinine (µmol/l) 163.0 ± 292.1 2.7 - 1534.0 

 
Table 3. Distribution according to ventilatory assistance. 

 Number 
Percentage  

(%) 

Use of orotrachealintubation 

NNumber % 

Facial Mask alone 18 18.55 0 0 

NIV 55 56.70 15 93,75 

Optiflow® 3 3.10 1 6,25 

Boussignac CPAP 21 21.65 0 0 

Total 97 100.00 16 100 

 
Table 4. Prognostic factors. 

Factors Death n(%) OR [95% CI] p 

CT > 60% achievement 13 (43.3) 13 [1.53 - 110.74] 0.007 

RR > 31 cycles/min 21 (47.7) 5.93 [2.09 - 16.85] <0.001 

Signs of respiratory struggles 22 (43.1) 5.06 [1.82 - 14.05] 0.001 

 
Table 5. Prognosis according to the technique of respiratory assistance. 

 Death OR [95% CI] p 

CPAP 2 (11.8) 0.28 [0.06 - 1.30] 0.139 

OPTIFLOW® 1 (33.3) 1.24 [0.11 - 14.26] 1.000 

NIV 22 (40) 1.75 [0.44 - 11.08] 1.005 

Mechanical ventilation 16 (75) 12.19 [3.47 - 42.83] <0.001 

 
Regarding the first outcome, it appears that CPAP in first intention made it 

possible to avoid the use of intubation because no patient on CPAP benefited 
from orotracheal intubation, unlike patients on NIV and Optiflow® or mechani-
cal ventilation was used in 15 patients on NIV and 1 patient on Optiflow®. It is 
possible that the lower rate of tracheal intubation in the CPAP group is linked to 
a recruitment bias, in fact, practitioners were likely to offer CPAP in less serious 
patients and reserve NIV for patients in very critical condition, for example, Co-
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simo Franco’s study found a PaO2/FiO2 ratio of 166 in patients placed on 
ONHD, 151 in the CPAP group and 138 in the NIV group, similarly, the SOFA 
score was 4 in the NIV group, 3.3 in the CPAP group and 2.5 in the ONHD 
group these results show that NIV is immediately reserved for the most serious 
patients [5], so it is not surprising that NIV has more failures than other tech-
niques. Similarly, the low rate of intubation observed in patients on Optiflow® is 
also linked to this bias because this technique has been used very little because it 
is very recent and not very available in our structure. 

Our results show that NIV is the technique most used in first intention in pa-
tients with severe impairment in intensive care units. This treatment option is 
common with some efficacy and failures. The study by NardiTetaj et al. on 307 
COVID patients in ARDS, 224 benefited from NIV as first intention, there was 
failure in 84 patients with the use of intubation, the statistical analysis showed 
that the main factor of risk of NIV failure was a PaO2/FiO2 ratio below 200 when 
starting NIV [6]. 

The superiority of support in reducing the need for intubation is controver-
sial. A systematic review and meta-analysis of 25 randomized clinical trials (3804 
patients) showed that non-invasive ventilation and HFNO were superior to 
conventional oxygen therapy on the use of orotracheal intubation and 90-day 
mortality in patients with acute respiratory failure due to COVID-19 [7]. The 
Colombian study by Gustavo A Ospina-Tascón finds that among patients with 
severe COVID-19, use of high-flow oxygen through a nasal cannula significantly 
decreased need for mechanical ventilation support and time to clinical recovery 
compared with conventional low-flow oxygen therapy [8]. Domenico Luca 
Grieco’s meta-analysis of 109 patients with COVID-19 and moderate to severe 
hypoxemia, shows that treatment with non-invasive helmet ventilation (Hel-
met), compared to nasal high-flow oxygen, did not resulted in no significant dif-
ference in the number of days without respiratory support in the 28 days [9]. 
Wesla Neves da Silva Costa et al. compared NIV and nasal cannula, there was no 
significant difference in the use of intubation and mortality [10]. 

Our study is not the only one to show the effectiveness of first-line CPAP in 
reducing the need for intubation. The RECOVERY trial compares 3 groups of 
COVID patients with hypoxemic acute respiratory failure having an initial 
strategy of either CPAP or NIV or conventional oxygen therapy finds that an in-
itial strategy with CPAP significantly reduced the risk of tracheal intubation or 
mortality compared to conventional oxygen therapy, but there was no significant 
difference between an initial strategy with HFNO compared to conventional 
oxygen therapy. The trial was stopped prematurely due to falling numbers of 
COVID-19 cases in the UK [11]. Our study is in line with the RECOVERY trial 
with a low use of intubation in patients on CPAP and high-flow mask oxygen 
therapy despite our small sample. ORANGER et al. treated 38 patients with 
CPAP in a respiratory intensive care unit, although the study included a limited 
number of patients, CPAP made it possible not to resort to intubation in pa-
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tients, the study presents a bias because some of the patients were not to benefit 
from intubation after multidisciplinary staff [12]. 

Regarding the second endpoint, our study found mechanical ventilation as an 
independent risk factor for mortality .In our study, 100% of intubated patients 
died. Faraone found a mortality of 33% of intubated patients [13]. Of 1260 ad-
missions to 24 Italian intensive care units, Zanella found an overall mortality of 
34% with a mortality of 38% in patients on mechanical ventilation [14]. Too late 
intubation and the difficulties related to the management of the intubated pa-
tient with the occurrence of nosocomial respiratory infections explain our re-
sults. 

In our study, no respiratory assistance technique was correlated with death, 
results that are controversial in the literature. Describing a population of 
COVID-19 patients treated with CPAP outside of intensive care, Vaschetto 
found significantly higher 60-day in-hospital mortality in patients receiving 
CPAP for more than 3 days compared to those receiving CPAP for less than 3 
days [15]. Cosimo Franco found no significant difference in mortality at 30 days 
by comparing NIV and HFNC after adjusting for confounding factors. In this 
study, NIV and HFNC were performed outside intensive care [5]. In Ferrayro’s 
study’s, across 14 trials (1275 patients), noninvasive ventilation via a face mask 
was significantly associated with a lower risk of both mortality and tracheal in-
tubation. In contrast, HFNO was significantly associated with a lower risk of 
tracheal intubation (5 trials; 1479 patients), but not mortality (3 trials; 1279 pa-
tients) [7] while The RECOVERY-RS trial found that CPAP significantly re-
duced tracheal intubation, but not mortality, although the wide 95% CI prec-
ludes the drawing of a specific conclusion about the effect on mortality [11]. 

Thus, mortality related to ventilatory assistance techniques is not clearly de-
fined. In all cases, studies show that late intubation is harmful; these techniques 
should not delay mechanical ventilation when necessary. 

5. Limitations of the Study 

Our study presented limitations, essentially a possible selection bias in patients 
considered hypoxemic on the basis of an SpO2 of less than 95% and not on ga-
sometry (P/F ratio), similarly, a small population benefited gas analysis, the 
extrapolation to the rest of the sample can be a confounding factor. However, 
some results are supported by the literature. The absence of randomization is for 
the allocation of the ventilatory assistance technique. 

6. Conclusion 

Our study shows the effectiveness of different ventilatory assistance techniques 
in the management of severe Sars Cov-2 pneumonia. No technique is clearly su-
perior in reducing the need for intubation and mortality. Mortality linked to 
mechanical ventilation remains high in our study. Mortality reduction is multi-
factorial. Studies show the effectiveness of prone position associated with non-
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invasive ventilation or high-flow nasal cannula [16]. 
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