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Abstract
Background & Aims: The coronavirus pandemic has caused a rapid surge in patients requiring intensive care unit 
(ICU) admission. The mainstay of treatment is supplemental oxygen therapy by an oxygen mask, nonrebreathing 
mask, high flow nasal oxygen therapy (HFNOT), non-invasive and invasive mechanical ventilation. HFNOT is a 
relatively newer, easy-to-use technique with better patient compliance. This study aimed to assess the outcome 
of HFNOT in Corona Virus disease (COVID) patients in ICU. 
Methods: This record based; retrospective study included 43 reverse transcriptase polymerase chain reaction 
(RTPCR) confirmed COVID patients whose respiratory support was initiated on HFNOT as per the inclusion 
criteria. The primary outcome of this study was to assess the number of patients requiring mechanical 
ventilation (HFNOT failure). The secondary outcome was to assess the association of HFNOT failure with age, 
co-morbidity index, and severity of illness. 
Results: Out of forty-three patients, twenty-five patients (58%) required conversion to mechanical ventilation. 
Eighteen patients (42%) were managed with HFNOT alone. HFNOT failure was more with increasing age and 
higher comorbidity score (p value<0.05). 
Conclusion: We concluded that HFNOT can be successfully used in COVID patients in ICU without the need for 
mechanical ventilation. However, it should be used cautiously in patients with higher 4C mortality scores.
Keywords: Acute Respiratory distress syndrome, Mechanical ventilation, COVID-19, Hypoxia, Risk assessment, 
Oxygen inhalation Therapy

this study to assess the outcome of patients who were 
initially started on HFNOT. In this study, we analyzed 
the proportion of patients who required conversion 
from HFNOT to non-invasive or invasive ventilation 
and the association of failure of HFNOT with baseline 
characteristics, associated co-morbidities, and 
severity of illness.

Methods
This observational study was carried out in COVID 
ICU of a tertiary care hospital, after approval of the 
institutional ethics committee. All demographic, 
clinical, laboratory, and, outcome data were extracted 
from clinical records using a standardized data 
collection form. Charlson Comorbidity Index and 
4C mortality score were calculated using this data. 
RTPCR confirmed COVID-19 patients of >18 years of 
age with acute respiratory failure, who required ICU 
admission and were treated with High Flow Nasal 

Introduction
Corona Virus disease (COVID-19) is caused by severe 
acute respiratory syndrome coronavirus-2 (SARS-
CoV-2). COVID-19 disease manifestations range from 
asymptomatic to acute respiratory distress syndrome 
requiring intensive care unit (ICU) admission and are 
associated with a high risk of mortality[1,2].
Various methods of providing respiratory support 
in ICU are high flow nasal oxygen therapy (HFNOT), 
non-invasive, and invasive mechanical ventilation. 
HFNOT has been shown to improve oxygenation 
and it also reduces the work of breathing[3,4]. Non-
invasive mechanical ventilation is uncomfortable to 
the patients and requires significant man-machine 
cooperation[5]. High Flow Nasal oxygen therapy 
delivers heated humidified oxygen through nasal 
prongs at flow settings ranging from 20-60L/min and 
Fio2 settings ranging from 0.21-1.0[6]. We conducted 
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Oxygen Therapy from June 2020 to August 2020 
were included in the study. Patients with hypercapnic 
respiratory failure, cardiogenic pulmonary edema, 
hemodynamic instability, altered sensorium, 
multiorgan dysfunction, or signs of exhaustion were 
excluded from the study. Patients, who were initiated 
on NIV or invasive mechanical ventilation and 
deescalated to HFNOT were not included in the study. 
Therapy was started using either “Optiflow Nasal 
High Flow therapy” or by using the high flow Oxygen 
therapy option on the Mindray ventilator (SV600). As 
per protocol in ICU therapy was started with a flow of 
60 L/min and FiO2 100%. Flow and FiO2 adjustments 
were made to maintain a target oxygen saturation 
level of >92%. All patients who received High Flow 
nasal oxygen therapy wore a surgical mask and were 
encouraged to follow awake proning protocol[7,8,9]. 
Decision of intubation or initiation of non-invasive 
ventilation was made by a clinical team based on 

clinical assessment and arterial blood gas values. 
Successful HFNOT was defined as HFNO withdrawal 
and improved oxygenation, with no need for NIV/IMV 
or discharge. HFNOT failure was defined as the need 
for NIV/IMV and /or death while on HFNOT.

Statistical Analysis
Categorical variables were expressed as frequencies 
and percentages. Continuous variables were 
presented as means with standard deviations 
or median with interquartile range. All data was 
analyzed using SPSS 25 version. ‘t’ test was used for 
the analysis of quantitative data and the “Chi-square” 
or Fisher exact test was used for qualitative data. “p” 
value less than 0.05 was considered significant.

Results
During the study period, forty-three patients were 
treated with HFNOT. Characteristics of patients at ICU 
admission are presented in table 1.

Table 1 Patient Characteristics

Characteristics All patients 
(n=43) 

HFNOT Success  
(n=18)

HFNOT Failure 
(n-25) P value

Age (mean±SD) 52.84 + 15.23 39.94 +11.40 62.12 + 10.43 0.0001
Sex (Male)% 67.4% 72.2% 64% 0.581
Charlson Comorbidity Score, Median (IQR) 1 (0-2) 0 2 (0.75-2) 0.0001
4C mortality score Median (IQR) 8 (5-10) 5 (4-5.5) 9 (8-11.5) 0.0001
Duration of HFNOT (days) (mean±SD) 3.708 + 1.39 3.966 + 1.39 3.522 + 1.39 0.444
Length of hospital admission (days) (mean±SD) 11.44 + 4.40 10.72 + 2.98 11.96 + 5.20 0.3701

Primary endpoint
All the forty-three patients received HFNOT as the 
primary mode of respiratory support and out of these 
58% of patients required ventilation during their ICU 
stay, either in the form of non-invasive or invasive 
mechanical ventilation (Table 2). Eighteen patients 
on HFNOT showed a good response (42%) and there 
was no escalation of therapy done (Fig. 1). 44% of 
patients who required ventilator recovered and 56% 
of patients on mechanical ventilation did not survive 
(Table 3, Fig 1).

Table 2 Failure rate of patients on HFNOT
Number of patients Percentage

HFNO failure 25 58.1
HFNO success 18 41.9
Total 43 100.0

Patient
treated with
HFNO =43

HFNO failure
25/43=58%

Death
14/25= 56%

Recovery
11/25 =44%

HFNO
success

18/43=42%

Fig. 1 Flow diagram showing outcome of patients on 
HFNOT
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Table 3 Outcome of patients initiated on Mechanical 
Ventilation (HFNOT failure)

Mortality/ Discharge Frequency Percentage
Death 14 56%
Recovery 11 44%
Total 25 100

Secondary endpoint
The percentage of patients in the age group of 41 to 
60 years was 39.5% and 34.9% of patients belonged to 
the age group of 61-80 yrs. (Mean age 52.84 + 15.23 
years). The failure rate of HFNOT was significantly 
high in the older age group (p<0.05) (fig.2). Out of 
forty-three patients 67.4% of patients, were males 
and 32.6% of patients were females (Table 1). 
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Fig 2. Age wise distribution of patient outcome
In our study, it was observed that in patients who 
were converted to mechanical ventilation, the median 
Charlson Comorbidity Index was two, and patients 
who did not require escalation of therapy had a 
median Charlson Comorbidity Index of 0 (p-value - 
0.0001). 4C mortality score was nine in patients with 
HFNOT failure and 5 in patients who were successfully 
weaned off from HFNOT (p-value - 0.0001). Patients 
who had a greater number of co-morbidities and a 
higher 4 C Mortality scores had a significantly higher 
incidence of HFNOT failure. 
The mean duration of high flow nasal oxygen therapy 
was 3.70 days + 1.39 days. There was no significant 
difference in the average duration of therapy in 
patients in whom HFNOT was successfully used and 
in the other group (p>0.05). The average duration of 
ICU stay was 11.44  + 4.40 days and the duration of 
ICU stay was not significantly different in the two 
groups.

Discussion
COVID-19 was declared a global pandemic in March 
2020 by World Health Organization[10]. The primary 
concern is still the percentage of patients who develop 

acute respiratory failure requiring ICU admission. 
The life-threatening form of respiratory failure, acute 
respiratory distress syndrome (ARDS) is a frequent 
complication in COVID-19. The severity of ARDS is 
classified as mild, moderate, and severe, depending on 
the degree of hypoxemia. Patients with moderate-to-
severe ARDS require invasive mechanical ventilation 
(IMV) and have a poor prognosis[11]. HFNC use has 
been suggested as first-line therapy in patients with 
ARF including ARDS[12]. This study was conducted 
to evaluate the outcome of COVID patients with 
respiratory failure who were initiated on HFNOT in the 
intensive care unit.
The main finding of this study is that HFNOT can be 
used successfully in the management of patients with 
respiratory failure associated with COVID-19. Many 
studies have described the role of humidified high-
flow nasal oxygen in the management of hypoxemia 
associated with respiratory distress in non-COVID 
critically ill patients[13,14]. In our study, HFNOT was 
successfully used in approximately 41% of patients 
and this is similar to a study published by Calligaro G.L. 
et al[14]. In their study, mean SpO2 was substantially 
lower (90%); the median ratio of PaO2/FiO2 pre-HFNO 
was 68. Out of 293 patients, 137/293 (47%) patients 
[PaO2/FiO2 76] were successfully weaned from 
HFNOT. They noticed that 26 patients in the HFNO 
group died unexpectedly, however, no such death was 
encountered in our study. In another retrospective 
study done by Demoule et al similar observations 
were noticed. It was observed that out of 146 
patients who were initiated on HFNC within 24 hours 
of admission, the proportion of patients requiring 
invasive mechanical ventilation on Day 28 was 56%[15]. 
However, in a study by Hu M et al 65 patients out of 
105 patients (61.9%) were successfully withdrawn 
from HFNC. This could be due to the inclusion of 
relatively fewer hypoxemic patients in the study and 
their indication to start HFNOT was more liberal as 
compared to our study. They included patients with 
SpO2 <92% and/or RR >25 under nasal tube oxygen 
inhalation 10L/min or mask oxygen supply[16].
 In this study out of forty-three patients who were 
initially started on HFNOT, twenty-five patients (58%) 
required ventilator support either in the form of Non-
invasive or invasive mechanical ventilation. The result 
of a retrospective study done by Bonnet N et al also 
shows comparable results. They studied the role 
of HFNOT to avoid invasive mechanical ventilation 
in SARS-CoV-2 pneumonia in 76 patients and they 
concluded that in the HFNOT group, 39 patients out of 
76 (51%) patients received mechanical ventilation[17]. 
A multicenter observational study by Artigas RM et 
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al to analyze the predictors of failure with HFNOT 
in COVID-19 patients also observed that out of 259 
patients initially treated with HFNOT 140 (54%) 
patients require invasive mechanical ventilation. 
Because of a long course of disease patients on 
mechanical ventilators tend to develop complications 
like barotraumas and ventilator-induced lung 
infections[18]. Therefore, judicious use of HFNOT 
has many advantages and is worth considering 
for COVID-19 patients with respiratory failure as 
approximately 42% of patients could be successfully 
weaned off from high flow nasal oxygen therapy in 
our study.
In this study, HFNOT failure was significantly 
associated with old age (fig.2), a higher 4 C mortality 
score, and more comorbidities. In patients who 
required mechanical ventilatory support, the median 
Charlson Comorbidity Index (CCI) was 2 and, patients 
who did not require escalation of therapy had a median 
CCI of 0. In a systematic review and metanalysis 
of CCI score and a composite of poor outcomes in 
COVID-19 by Tuty Kuswardhini RA, they concluded 
that compared to a CCI score of 0, a CCI score of 1-2 
and CCI score of ≥3 was prognostically associated 
with mortality and associated with a composite of 
poor outcomes. Per point increase of CCI score also 
increased mortality risk by 16%. Moreover, a higher 
mean CCI score is also significantly associated with 
mortality and disease severity [19].
In a retrospective cohort study conducted by Hu 
M et al significant association in HFNO outcome 
with age was observed [16]. In another retrospective, 
observational study conducted by Xia J et al failure 
rate of HFNOT was 46.5% and HFNO failure was more 
likely in older patients[20].
Artigas RM in a multi-center prospective observational 
study predicted that among adult critically ill patients 
with COVID-19 initially treated with HFNO, the SOFA 
score, and the ROX index may help to identify patients 
with a higher likelihood of intubation[18]. However, 4 
C mortality score is an easy-to-use risk stratification 
tool to stratify COVID-19 patients into different 
management groups. Patients with a score higher 
than or equal to 9 were at higher risk of death (40%) 
[21]. Ali R et al studied the ISARIC-4C mortality score as 
a predictor of In Hospital mortality and concluded that 
ISARIC - 4C mortality score can be used for stratifying 
and predicting mortality in COVID-19[22]. In this study 
we found that patients with higher 4C mortality scores 
had a significantly higher failure rate of HFNOT.
Nunn K P et al observed that HFNOT is possibly more 
efficacious with self proning[23].
We also observed that a high-flow nasal cannula is a 
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comfortable patient interface in both the supine and 
prone positions and has not had compliance issues 
allowing continuous usage. High Flow Nasal Cannula 
might be considered an alternative for patients with 
NIV intolerance[24]. Considering the ease of use, high-
flow nasal cannula has also been successfully used 
in resource-constrained settings[14,25].
The following limitations of this study deserve 
mention. This was a single-center retrospective study; 
the sample size was relatively small and the timing of 
initiation of mechanical ventilation was dependent on 
the experience and judgments of a physician. Besides, 
as the awake proning was routinely performed in 
the intensive care unit, the exact impact of HFNOT 
without proning could not be determined.

Conclusion
In conclusion, high flow nasal oxygen therapy was 
used successfully in almost half of the patients 
with hypoxemic respiratory failure associated with 
COVID-19. They could be successfully weaned 
without the need for mechanical ventilation. However, 
it should be used cautiously in elderly patients with 
co-morbidities and patients with higher 4C mortality 
scores.
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