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Introduction

Abstract

Objective: High-flow nasal cannula (HFNC) oxygen therapy has been recently implicated in the
treatment of patients with acute respiratory failure (ARF). This study investigated the effect of this
treatment on COVID-19 patients.

Methods: This was a prospective, randomized, single-blind clinical trial performed between
June and November 2021 (Delta variant of the coronavirus) at Al-Zahra Hospital in Iran, on
patients with COVID-19 referred to the emergency department (ED). COVID-19 patients who
had peripheral oxygen saturation (SpO2)<90% despite receiving nasal oxygen (up to 6 L/min)
were included in the study and randomly assigned to receive either HFNC or conventional
oxygen therapy (COT) treatment. The patients were compared regarding vital signs, SpO2, and
the need for endotracheal intubation and intensive care unit (ICU) admission. The calculated
sample size was 35 patients in each group. The variables were compared using the chi-square,
student’s t-test, or Mann-Whitney U tests. The data was analyzed using SPSS version 25.
Results: Eighty-seven patients with a mean age of 65.3+14.8 (62.1% male) were included. The
two groups were similar in terms of age, sex, time interval from onset to diagnosis, and underlying
diseases (hypertension, diabetes, coronary artery disease, etc.) (P<0.05). No statistically
significant difference was reported between SpO2 and PaO2/FiO2 vital signs at the beginning of
treatment between the two groups. One hour after treatment, respiratory rate, SpO2, and PaO2/
FiO2 were better in the HFNC group compared to the COT group (P<0.05). Also, there was no
significant difference between the two groups regarding in-hospital mortality or the need for
endotracheal intubation or ICU admission.

Conclusion: Early use of HFNC oxygen therapy in patients with COVID-19 can improve SpO2,
respiratory rate, and PaO2/FiO2 levels, making it highly valuable from a clinical point of view.
Keywords: Emergency department, COVID-19, High-flow nasal cannula, Hypoxia, Oxygen therapy

syndrome (ARDS), multi-organ failure, and death (1-3).

After detecting its first cases in Wuhan (China) in
December 2019, SARS-CoV-2 caused an epidemic of
respiratory disease called COVID-19 (1). Common
symptoms of COVID-19 include fever, myalgia, fatigue,
and dry cough. Severe cases progressed to severe dyspnea
and hypoxemia within a week of symptom onset. In
patients with COVID-19 who needed hospitalization,
respiratory failure and hypoxemia were about 20%, and
more than twenty-five percent of them required treatment
in the intensive care unit (ICU) (1-3).

Most COVID-19 cases were mild or asymptomatic
or had influenza-like illness, but some of the patients
developed severe pneumonia, acute respiratory distress

Recently, a new oxygen treatment method called
high-flow nasal cannula (HFNC) has become available
to emergency physicians (previously, this method was
used in the ICU). HFNC is a non-invasive oxygenation
method that delivers warm and humidified oxygen up to
a maximum flow of 60 L/min and can titrate fractional
inspiratory oxygen (FiO2) up to 100%, even during acute
respiratory distress. Previous studies in patients with acute
respiratory failure (ARF) have shown a lower need for
invasive mechanical ventilation (IMV). Studies have also
demonstrated longer survival of patients using HFNC
compared with conventional oxygen therapy (COT) and
non-invasive ventilation (NIV). However, in some studies,
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no significant difference was seen (4,5).

Not many clinical studies have investigated the use of
HEFNCin COVID-19 patients. Also, the clinical conditions
of patients who have benefited from HFNC are unknown.
However, it has been suggested that HFNC oxygen therapy
in COVID-19 patients with ARF is safe, appropriate, and
effective (3,6,7). In the emergency triage unit, shortness
of breath is one of the common complaints of patients
with COVID-19, a condition that affects more than half
of the patients, and ARF is one of the main reasons for
patient admission to the ICU (1,2). The usual treatments
initially started for these patients include standard oxygen
treatment with a cannula or an oxygen mask. However,
these methods have limitations in treatment, especially for
creating a high volume and controlled FiO2 (2,5). Even
with an oxygen face mask, these methods will eventually
bring the FiO2 to nearly 70%, which will decrease as
respiratory failure progresses.

HENC is an oxygen delivery technique first used in
preterm infants and, more recently, in the ICU and
postoperative recovery. HFNC can increase FiO2 up to
100% even during acute failure and respiratory distress
(6-8). One possible drawback of using HFNC is the
creation of respiratory particles and the spread of aerosols.
Suggestions such as using HFNC in an isolation room with
negative pressure and the complete fitting of the cannula
have been given (9).

WHO  guidelines recommend HFNC oxygen
therapy before intubation of patients (10). Also, initial
recommendations from China have reported HFNC as
a beneficial measure; early reports in the United States
cautioned against HFNC wuse, stating that it delayed
intubation in patients unresponsive to face mask oxygen
(11). However, with further experience in the United States,
it has become clear that when used with sufficient caution,
HENC could relieve patients from respiratory failure and
prevent endotracheal intubation (12). The early guidelines
did not agree about the use of HFNC, with some favoring
its use and some ruling against it (3,8,11,12).

Considering that, especially in Iran, the use of HFNC
is mainly in the ICU or recovery after surgery, and it has
been less investigated in emergency departments (EDs).
Considering the lack of definitive findings regarding
the usefulness of HFNC as the first line of treatment in
COVID-19 patients with acute respiratory distress, in
this study, the effectiveness of the HFNC oxygen therapy
method in COVID-19 patients was investigated and
compared with COT.

Methods

This prospective, randomized, single-blind clinical trial
was performed between June and November 2021 (Delta
variant of the coronavirus) at Al-Zahra Hospital in Isfahan,
Iran, on patients with COVID-19 referred to the ED. The
trial protocol was approved by the Ethics Committee of

Isfahan University of Medical Sciences (code IRMUL
MED.REC.1400.657). The study was also registered
in the Iranian Registry of Clinical Trials (identifier:
IRCT20180129038549N15). This study followed the
CONSORT guidelines.

The included patients were adult patients (=18 years)
who had a confirmed diagnosis of COVID-19 based on the
polymerase chain reaction (PCR) test and whose oxygen
level was less than 90% despite receiving nasal oxygen >3
L/min or a respiratory rate greater than 24 breaths per
minute. Patients with unstable hemodynamics, decreased
level of consciousness, obesity hypoventilation syndrome,
and respiratory failure due to cardiopulmonary edema
were excluded from the trial. Also, patients who did not
tolerate the use of HENC, patients who needed emergency
intubation, and pregnant women were not included.

The COVID-19 cases admitted to the ED were initially
treated with nasal cannula oxygen therapy for at least
15 minutes. Then, patients with peripheral SpO2<90%
despite this oxygen therapy were included in the study.
These subjects were divided into a case (A) and a control
(B) group using the block randomization method (blocks
of four). There were six possible blocks of four (ABAB-
BABA-ABBA-BAAB-AABB-BBAA). A  block was
randomly selected, and the arrangement pattern for that
block was used to allocate patients. Sampling continued
until the sample size was reached. The researchers were
blinded to randomization. All subjects were treated
according to the clinical judgment of the attending
physicians, hospital protocols, and routine clinical
practice.

In the study group, HFNC oxygen therapy was used for
patients. The basic parameters were as follows: temperature
37 °C to 34 °C, initial flow rate 50 L/min up to 60 L/min as
needed, and oxygen concentration 50%. The parameters
were changed according to the oxygen level (SpO2) and
the patient’s tolerance to maintain SpO2>93%. The cases
treated with HFNC were transferred to the emergency
isolation room, and a surgical mask was draped over the
HFNC. A non-rebreather face mask (=6 L/min) was used
in the control group to maintain SpO2 > 93%. The subjects
were placed in the prone position, underwent the above
treatments for at least one hour, and were then evaluated.
If the patients did not reach the target SpO2 level, non-
invasive methods, including endotracheal intubation,
were used in both groups based on the physician’s opinion.

The need for intubation and ICU admission and in-
hospital mortality (28 days) were investigated in the
patients, and the results were compared between study
and control groups. Vital signs, including heart rate (HR),
respiratory rate (RR), systolic and diastolic blood pressure
(SBP and DBP), and SpO2, and arterial blood gas variables
were recorded at the beginning of treatment in the two
groups. These parameters were re-examined and recorded
in the patients one hour after the start of the treatment.
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Then, the results were compared between the two groups.

The sample size of 35 patients in each group was
considered with a power of 80%, a significance level of 5%,
an effect size of 50%, and a standard deviation of 6.5% (for
the main research variable SpO2). To ensure the power of
the study, at least 42 patients in each group were considered
to account for the probable dropout rate of 20%.

N= (Zl_a/2+Zl_ﬁ)2 (072+6,) 1 (u,-u,)

After data were collected, they were analyzed using
SPSS version 25. Continuous variables were expressed
as mean and standard deviation, and categorical data
were expressed as numbers and percentages. The chi-
square test was performed to compare categorical data,
and the student’s t-test or the Mann-Whitney U test was
performed for continuous variables. A significance level of
less than 0.05 was considered.

Results

Enrollment included 87 patients (Figure 1). The mean age
of the participants was 65.3 + 14.8 years, and 62.1% of them
(54 people) were male. The two groups were similar in
terms of age (P=0.090), gender (P=0.563), and underlying
diseases, including lung disease (P=0.756), hypertension
(P=0.554), diabetes (P=0.866), coronary artery disease
(P=0.747), etc. The baseline characteristics of subjects are
reported in Table 1. There was no statistically significant
difference between the two groups considering the SpO2
(P=0.699) and PaO2/FiO2 (P=0.620) vital signs at the
beginning of treatment. Also, the two groups did not

differ in the interval from onset to diagnosis (7.6+1.1
days in COT vs. 7.8+£0.8 days in the HENC group,
P=0.910). One hour after treatment, respiratory rate,
Sp0O2, and PaO2/FiO2 were better in the HFNC group
compared to the COT group (P<0.05) (Table 2). ICU
admission was required in 34.9% of patients (15 cases)
in the COT group versus 20.5% (9 cases) in the HFNC
group (P=0.132). Endotracheal intubation was required

Table 1. Baseline characteristics and clinical data of the patients

HFNC group COT group

(n=44) (=43 P value

Age, years 62.6+16.5 68.1+12.4 0.090°

Gender, n (%) 0.563
Male 26 (59.1) 28 (65.1)
Female 18 (40.9) 15 (34.9)

Underlying diseases, n (%)

Lung disease 10 (22.7) 11(25.6)  0.756"
Coronary artery disease 8(18.2) 9(20.9) 0.747°
Diabetes mellitus 13 (29.5) 12 (27.9)  0.866"
Hypertension 21 (47.7) 18 (54.5)  0.554"
Chronic kidney disease 2 (4.5) 1(2.3) 0.570°
Interval from onset to diagnosis (day) ~ 7.8+0.8 7.6+1.1 0.910°
Admitted to ICU, n (%) 9 (20.5) 15(34.9) 0.132¢
Intubation rate, n (%) 4(9.1) 8(18.6) 0.198¢
In hospital mortality, n (%) 3(6.8) 6 (14.0) 0.275¢

Variables are presented as mean (standard deviation) or frequency (%).
* Analyzed using independent student's t-test

" Analyzed using chi-square test or Fisher's exact test

¢ Analyzed using Mann-Whitney U-test

[ Enrollment ]

Assessed for eligibility (n = 100)

Excluded (n =12)
+ Cardiogenic pulmonary edema (n = 5)

> Hemodynamic instability (n = 4)
¢ GCS <13 (n=23)

Randomized (n = 88)

v [ Allocation ] v
Allocated to intervention (n = 44) Allocated to intervention (n = 44)
+ Received HFNC therapy (n = 44) + Received COT (n = 44)

v [ Follow-Up 1 v
Lost to follow-up (n= 0) Lost to follow-up (n= 1)
Discontinued intervention (n= 0) Discontinued intervention (n= 1)

v Analysis

Analysed (n=44)

Analysed (n=43)

Figure 1. CONSORT flow diagram
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Table 2. Effect of oxygen therapy on clinical parameters in the HFNC and
COT groups

Groups
Variables HENC group CcOoT group P value
(n=44) (n=43)
Baseline 129.4+14.7 131.2+15.1 0.626
SBP
After 123.6+15.8 128.3+12.6 0.112
Baseline 80.5+9.1 81.4+11.5 0.925
DBP
After 779+11.6 79.7+9.2 0.411
Baseline 87.4+18.3 86.7+12.8 0.835
Heart rate
After 79.7+14.5 81.5+12.1 0.326
Baseline 23.4+53 24.9+6.5 0.224
Respiratory rate
After 20.1+5.1 22.8+6.0 0.029
Baseline 84.8+5.2 85.5+5.9 0.699
Pulse oximetry
After 93.1+6.2 89.8+5.8 0.009
Baseline 7.34+0.11 7.33+0.15 0.556
pH
After 7.34+0.08 7.31+£0.08 0.065
Baseline 37.15+8.03 38.11+7.95 0.669
PCO2
After 39.53+18.8 40.93+11.33 0.526
Baseline 21.58+3.63 20.86+3.55 0.326
HCO3
After 22.28+4.74 23.01+8.84 0.556
Baseline 224.2+12.7 216.8+5.7 0.620
PaO2/FiO2
After 268.9+10.1 238.4+6.9 0.025

HFNC: high-flow nasal cannula; COT: conventional oxygen therapy; PH:
potential of hydrogen; PCO2: partial pressure of carbon dioxide; HCO3:
bicarbonate; PaO2/FiO2: partial pressure of arterial oxygen/fraction of
inspired oxygen; DBP: Diastolic blood pressure; SBP, Systolic blood pressure.
Data are presented as mean and standard deviation.

* Analyzed using independent student's t-test.

in 18.6% of patients (8 cases) in the COT group versus
9.1% (4 cases) in the HFNC group (P=0.198). In-hospital
mortality was 6.8% in the study group and 14.0% in the
control group (P=0.275). These statistics were lower in
subjects treated with HFENC, but the differences were not
significant (Table 1).

Discussion

The present study showed that HFNC oxygen therapy
was associated with improved respiratory rate (P=0.029),
SpO2 (P=0.009), and PaO2/FiO2 (P=0.025) compared
to COT in ED patients presenting with COVID-19. It
demonstrated no significant reduction in the need for
ICU admission (P=0.132) and endotracheal intubation
(P=0.198) with HFNO oxygen therapy.

HFNC may have potential clinical benefits for cases with
acute hypoxemic respiratory failure. Previous research has
shown that HFNC is associated with decreased necessity
of endotracheal intubation, lower mortality, reduced need
for ICU hospitalization, and less need for re-intubation in
hypoxemic ARF resulting from various causes (13-15).

Although respiratory failure is a common finding in
patients with severe COVID-19 infection, the patterns
of hypoxemia associated with COVID-19 are different
compared to typical respiratory failure and ARDS. Subjects

with COVID-19 maintain lung compliance at low PaO2/
FiO2 ratios (7,16). These differences in pathophysiology
could account for differences in the efficacy of HFNC.
Evidence obtained during this pandemic demonstrated
the feasibility of using HFNC to treat cases with hypoxemic
ARF due to COVID-19 in the non-ICU setting or for cases
with a poorer prognosis who cannot be admitted to the
ICU due to lack of ICU beds (17,18).

HFNC oxygen therapy reduced the need for
endotracheal intubation compared with COT in critically
ill non-COVID-19 patients with hypoxemic ARE As
a result, it has recently been strongly recommended in
clinical guidelines (19). Similarly, some previous studies
have also shown the possibility that HFNC treatment
is more effective than COT in treating COVID-19
patients (7,20). HFNC has been shown to be a valuable
therapeutic modality during pandemics for ICU resource
management (beds and ventilators), and it has been used
widely and heterogeneously in studies (21). Therefore, in
resource-constrained healthcare systems, HFNC can treat
hypoxemic ARF in approximately half of its recipients
without the need for IMV in a non-ICU setting, with
pulse oximeter monitoring as an affordable and available
device (21).

A clinical trial of 22 people with severe COVID-19
pneumonia reported that initial oxygen therapy with
HFNC improved SpO2, respiratory rate, infectious
indices, and decreased ICU length of stay compared with
COT (22). Considering the early treatment in the present
study, similar results were obtained. Furthermore, early
oxygen therapy with HFNC is an effective respiratory
therapy based on multicenter retrospective research,
which reported that patients with COVID-19 who fail
HENC treatment had poor prognoses, with a reported
mortality rate of 65% (5).

In our study, the mortality rate of cases who received
oxygen with HFNC was lower than that of cases who
received normal oxygen. However, the difference was
not significant (6.8% vs. 14.0%, P=0.275). Zhou et al
(23) found that 41 of their 191 hospitalized COVID-19
cases were treated with HFNC in the ICU and ward.
Non-surviving patients were more treated with HFNC
compared to surviving patients (61% vs. 6%, P<0.001).

Geng et al (24) treated eight COVID-19 patients with
HENC and showed favorable results in all cases. Before
the administration of HENC, the PaO2/FiO2 level of the
eight patients was 259.88+58.15 mm Hg, and after 24
hours, the PaO2/FiO2 level reached 280-450 mm Hg,
and all patients were discharged without the need for
endotracheal intubation. These results are in line with
the findings of the current study. Wang et al (25) showed
that of 17 patients treated with HFNC, treatment failure
occurred in 41% of cases. Notably, the failure rate was
zero in cases with PaO2/FiO2>200 and 63% in patients
with PaO2/Fi02<200. Another study reported that
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lower initial PaO2/FIO2 is associated with treatment
failure (26). Considering that the mean PaO2/FiO2 in
the patients of the present study was more than 200, our
results were different.

He et al (9) reviewed 36 critically ill subjects with
COVID-19 who received oxygen by HEFNC. They
demonstrated that 26 cases recovered and were discharged,
while ten subjects (28%) required IMV. They found some
factors to be effective in treatment success. These factors
included choosing the appropriate size and location of the
nasal cannula, starting the initial flow at 60 L/min and 37
°C in cases with respiratory distress, and treatment with a
target SpO2 >95% in patients without chronic respiratory
disease. Similar settings were used in the present study
and other studies related to HENC therapy for COVID-19
patients (23-25,27,28).

A multicenter retrospective research investigated the
feasibility of non-invasive ventilatory support therapy
for hypoxemic ARF patients associated with COVID-19
outside the ICU setting and found that 163 of 671
patients were treated with HFNC (24.3%). In patients
receiving HFNC, 71% of endotracheal intubation was
prevented (17). Although the study was retrospective,
it is interesting that no significant difference in primary
outcomes (endotracheal intubation and mortality rate)
was shown between patients receiving HFNC compared
with CPAP and NIV. In line with this study, in our study,
oxygen therapy with HFNC did not lead to a reduction in
the need for intubation and ICU admission (P=0.198 and
P=0.132, respectively).

Demoule et al (29) conducted a retrospective ICU trial
to compare the outcome of oxygen therapy with HFNC
and COT in people with COVID-19. The proportion
requiring IMV at day 28 was significantly lower in
patients receiving HFNC (55% vs. 72%; P<.001), while
no significant difference in mortality was observed (29).
Also, Patel et al stated that using HFNC in COVID-19
cases with mild to severe hypoxic respiratory failure may
significantly reduce the need for IMV without a noticeable
effect on mortality (8).

Limitation

While one of the current studies’ strengths is that it is
prospective, it also has limitations. Its small sample size
and single-center nature are among its limitations. The
inability to blind the treating team to the devices used may
have biased the outcomes.

Conclusion

Early use of HFNC oxygen therapy in COVID-19 patients
with hypoxic ARF can improve SpO2, respiratory rate, and
Pa02/FiO2 levels compared to COT, making it a valuable
treatment for COVID-19 patients. It is recommended
that clinical trials with a larger sample size investigate the
effectiveness of oxygen therapy with HFNC in hypoxic
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ARF patients.
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