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Abstract

Objective: To identify factors associated with high-flow nasal cannula (HFNC) therapy failure in

patients with severe COVID-19.

Methods: We retrospectively examined clinical and laboratory data upon admission, treatments,

and outcomes of patients with severe COVID-19. Sequential Organ Failure Assessment (SOFA)

scores were also calculated.

Results: Of 54 patients with severe COVID-19, HFNC therapy was successful in 28 (51.9%) and

unsuccessful in 26 (48.1%). HFNC therapy failure was more common in patients aged �60 years

and in men. Compared with patients with successful HFNC therapy, patients with HFNC therapy

failure had higher percentages of fatigue, anorexia, and cardiovascular disease; a longer time from

symptom onset to diagnosis; higher SOFA scores; a higher body temperature, respiratory rate,

and heart rate; more complications, including acute respiratory distress syndrome, septic shock,

myocardial damage, and acute kidney injury; a higher C-reactive protein concentration, neutro-

phil count, and prothrombin time; and a lower arterial partial pressure of oxygen/fraction of
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inspired oxygen (PaO2/FiO2). However, male sex, a low PaO2/FiO2, and a high SOFA score were

the only independent factors significantly associated with HFNC therapy failure.

Conclusions: Male sex, a low PaO2/FiO2, and a high SOFA score were independently associated

with HFNC therapy failure in patients with severe COVID-19.
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Introduction

Coronavirus disease 2019 (COVID-19) is an
acute respiratory infectious disease caused
by a novel coronavirus, severe acute
respiratory syndrome coronavirus 2
(SARS-CoV-2, previously known as 2019-
nCoV).1–3 Patients with severe COVID-19
can develop dyspnea and hypoxemia
within 1 week after symptom onset, and
their condition can quickly progress to
acute respiratory distress syndrome
(ARDS) and end-organ failure.4 In three
pooled studies involving 278 patients with
COVID-19, 56 (20.1%) patients developed
ARDS.4–6 Considering that acute hypox-
emic respiratory failure is prevalent in
patients with severe COVID-19, large-
scale, safe delivery of respiratory support
is needed to resolve this key healthcare chal-
lenge of the COVID-19 pandemic.7

High-flow nasal cannula (HFNC)
oxygen therapy is a noninvasive therapy in
which heated, humidified oxygen is deliv-
ered via a large-bore nasal cannula at flow
rates up to 60 L/min.8 HFNC therapy may
be considered a first-line therapy in patients
with acute respiratory failure, including
patients with ARDS.9 The major goal of
HFNC therapy in treating ARDS is to
achieve sufficient oxygenation to avoid
endotracheal intubation. Compared with
standard oxygen therapy, HFNC therapy
can improve oxygenation, decrease the

respiratory rate, increase the lung volume,

and improve patient comfort8; HFNC ther-

apy may also be better tolerated than non-

invasive ventilation. Therefore, HFNC

therapy may be an appropriate therapy

for many patients with COVID-19 for

whom tracheal intubation has not yet

become a necessity but for whom low-flow

nasal oxygen or facemask oxygen is not

providing adequate respiratory support.7

HFNC therapy is currently one of the

most common ventilation strategies for

patients with COVID-19 who have devel-

oped respiratory failure.10–18 To avoid

HFNC therapy failure and intubation

delay, it is essential to select appropriate

patients with COVID-19 for this therapy.

However, little attention has been given to

evaluating the factors associated with

HFNC therapy failure. This retrospective

observational case series study was per-

formed to identify the factors associated

with HFNC therapy failure in patients

with severe COVID-19 who have developed

hypoxic respiratory failure.

Materials and methods

Participants

This retrospective, single-center, observa-

tional case series included patients with

COVID-19 who were admitted to the

2 Journal of International Medical Research



Infectious Disease Department of the
Renmin Hospital of Wuhan University
(Wuhan, China) from 1 February 2020 to
26 March 2020. The selected patients met
the following inclusion criteria: age of �18
years, diagnosis of severe COVID-19, and
treatment with HFNC therapy for hypoxic
respiratory failure. Severe COVID-19 was
defined according to the Chinese manage-
ment guidelines for COVID-19 (version
6.0).19 SARS-CoV-2 infection was con-
firmed by real-time reverse-transcription
polymerase chain reaction assay.20 The pre-
sent study was conducted in accordance
with the Declaration of Helsinki (2013 edi-
tion) adopted by the World Medical
Association.21 The reporting of this study
conforms to the STROBE guidelines.22

The retrospective analysis of data was
approved by the ethics committee of the
First Affiliated Hospital of Dalian
Medical University (PJ-KS-KY-2020-88).
Because this was a retrospective study, the
need for informed consent from the study
participants was waived.

HFNC. HFNC therapy (Fisher & Paykel
Healthcare Ltd., Auckland, New Zealand)
was used to treat patients with severe
COVID-19 with the aim of reaching and
maintaining a target pulse oximetry blood
oxygen saturation (SpO2) of >90% only
when dyspnea (respiratory rate of �30
breaths/minute) and/or hypoxemia (SpO2

of <90%) were not improved after treat-
ment with standard oxygen therapy
(oxygen inhalation by nasal tube or face-
mask).19 The temperature was set at 31�C
to 37�C, the flow rate was set at 30 to 60 L/
minute, and the fraction of inspired oxygen
concentration (FiO2) was set to maintain an
SpO2 of >93%. HFNC therapy was used
continuously for all enrolled patients in
the initial phase of treatment. When respi-
ratory failure was reversed, HFNC therapy
was used intermittently. The duration of
standard oxygen therapy was gradually

increased, and the duration of HFNC ther-

apy was gradually decreased until the

patient was weaned from HFNC therapy.

However, if dyspnea (respiratory rate of

�30 breaths/minute) and/or hypoxemia

(SpO2 of <90%) were not improved

within 1 to 2 hours after HFNC therapy,

the attending physicians determined wheth-

er to use either noninvasive ventilation or

invasive mechanical ventilation as rescue

therapy. Early endotracheal intubation

and invasive mechanical ventilation were

immediately considered in patients who

failed to maintain an arterial partial pres-

sure of oxygen (PaO2)/FiO2 of >150 within

1 to 2 hours after HFNC therapy.19

Patients who were changed from HFNC

therapy to conventional oxygen therapy

were defined as having undergone success-

ful HFNC therapy (Success group), and

patients who required noninvasive ventila-

tion or intubation as rescue therapy or who

died were defined as having undergone

failed HFNC therapy (Failure group).

Data collection

Epidemiological data, demographics, medi-

cal history, contact history, signs and symp-

toms, comorbidities, and laboratory results

were collected from the patients’ clinical

records. Disease severity was assessed with

the Sequential Organ Failure Assessment

(SOFA) score. We also recorded outcomes

within 28 days of HFNC therapy.

Statistical analyses

Data were analyzed with IBM SPSS

Statistics for Windows, Version 22.0 (IBM

Corp., Armonk, NY, USA). Continuous

variables are presented as median (range),

and categorical variables are presented as

frequency (%). Categorical data were com-

pared using the chi square test or Fisher’s

exact test, and continuous variables were

compared by the Mann–Whitney U test.
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We performed a binary logistical regression
analysis with stepwise backward elimina-
tion to determine the factors associated
with HFNC therapy failure, and the odds
ratios (ORs) and 95% confidence intervals
(CIs) were calculated. Considering the small
sample size of our study (n¼ 54) and to
avoid overfitting in the model, we chose
five independent variables with a P value
of <0.10 in the univariable analyses for
inclusion in the binary logistic regression
analysis according to previous findings.
We used HFNC therapy failure (yes/no)
as the dependent variable and age, sex,
time from symptom onset to diagnosis,
PaO2/FiO2, and SOFA score as indepen-
dent variables. All tests were two-sided,

and a P value of <0.05 was considered sta-

tistically significant.

Results

We enrolled 54 patients with severe

COVID-19 who underwent HFNC therapy

(Figure 1). Of these 54 patients, 28 (51.9%)

were successfully treated by HFNC therapy

(Success group) and 26 (48.1%) experienced

HFNC therapy failure (Failure group).

Among the 26 patients in the Failure

group, 9 received noninvasive ventilation

as rescue therapy and 15 cases received

endotracheal intubation and invasive

mechanical ventilation as rescue therapy.

In addition, among the nine patients who

Figure 1. Flowchart of participant enrollment.
HFNC, high-flow nasal cannula; IMV, invasive mechanical ventilation; NIV, noninvasive ventilation; COVID-19,
coronavirus disease 2019.
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received noninvasive ventilation, six
received endotracheal intubation and inva-
sive mechanical ventilation as rescue thera-
py. Among 10 patients who died in the
Failure group, 2 with a long history of cor-
onary heart disease died during HFNC
therapy because of sudden cardiac arrest
induced by the initial rhythm of the ventric-
ular fibrillation, 6 died during invasive
mechanical ventilation therapy because of
severe ARDS, and 2 died during noninva-
sive ventilation therapy because a relative
did not consent to early intubation and
invasive mechanical ventilation.

The clinical characteristics of all patients
with severe COVID-19 who underwent
HFNC therapy in the Success and Failure
groups are summarized in Table 1. Patients
in the Failure group were older than those
in the Success group, but the difference was
not statistically significant. However, the
percentage of patients older than 60 years
was higher in the Failure group than in the
Success group (69.2% vs. 30.8%, respec-
tively; P¼ 0.001). The proportion of male
patients was higher in the Failure group
than in the Success group (61.5% vs.
38.5%, respectively; P< 0.001). Notably,
patients in the Failure group had a signifi-
cantly higher percentage of fatigue, anorex-
ia, and comorbid cardiovascular disease
than patients in the Success group. In addi-
tion, the time from symptom onset to diag-
nosis was longer in the Failure group than
in the Success group, indicating delayed
hospitalization and treatment in the
Failure group. The body temperature,
respiratory rate, and heart rate were also
significantly higher in the Failure group
than in the Success group. Furthermore,
patients in the Failure group had signifi-
cantly higher SOFA scores, with a signifi-
cantly higher percentage of ARDS, septic
shock, and acute myocardial and kidney
injury than patients in the Success group,
indicating greater disease severity in
patients in the Failure group. Patients in

the Failure group had a significantly
higher neutrophil count, prothrombin
time, creatinine level, and C-reactive pro-
tein level and a significantly lower PaO2/
FiO2 than those in the Success group (all
P< 0.05).

The binary logistic regression analysis
showed that male sex, a low PaO2/FiO2,
and a high SOFA score were the only inde-
pendent factors significantly associated
with HFNC therapy failure in patients
with severe COVID-19 (Table 2).

Discussion

In the present study, we retrospectively
investigated the clinical characteristics of
patients with severe COVID-19 who under-
went failed HFNC therapy and the factors
associated with HFNC therapy failure. We
observed a high failure rate of HFNC ther-
apy among the patients in this study, simi-
lar to the results reported by Wang et al.10

We found that HFNC therapy failure was
associated with male sex, a low PaO2/FiO2,
and a high SOFA score in patients with
severe COVID-19.

Increasing amounts of data are
showing hat COVID-19 severity is related
to sex.23–25 A retrospective cohort study in
China showed that male sex is a major risk
factor for higher disease severity and mor-
tality.26 A web-based COVID-19 survey in
Italy that included 6873 participants (mean
age, 47.9� 14.1 years; 65.8% women)
showed that women had lower odds than
men of a positive nasopharyngeal swab
test (adjusted OR, 0.75; 95% CI, 0.66–
0.85) and of having a severe infection
(adjusted OR, 0.46; 95% CI, 0.37–0.57).27

This sex-related discrepancy of disease
severity and high mortality in patients
with COVID-19 may be due to hormonal
differences, socioeconomic factors, genetic
susceptibility, sex-related comorbidities,
and habits such as smoking and alcohol
consumption.28,29 In addition, recent

Ma et al. 5



Table 1. Characteristics of patients with severe COVID-19 treated with HFNC therapy.

Reference

range

Total Success group Failure group

v2/F P*(n¼ 54) (n¼ 28) (n¼ 26)

Age, years — 64 (27–95) 57 (27–87) 74 (34–95) 1.951 0.057

<60 — 23 (42.6) 15 (53.6) 8 (30.8) 10.824 0.001

�60 — 31 (57.3) 13 (46.4) 18 (69.2) 10.824 0.001

Male — 25 (46.3) 9 (32.1) 16 (61.5) 18.602 <0.001

Source of infection

Unknown — 44 (81.5) 23 (82.1) 20 (77.0) 116.114 <0.001

Family gathering — 6 (11.1) 3 (10.7) 3 (11.5) 116.114 <0.001

Hospital contact — 4 (7.4) 2 (7.1) 3 (11.5) 116.114 <0.001

Signs and symptoms

Fever — 20 (30.0) 13 (46.4) 7 (26.9) 2.200 0.138

Dyspnea — 36 (66.7) 18 (64.3) 18 (69.2) 0.561 0.454

Dry cough — 26 (48.1) 15 (53.6) 11(42.3) 0.685 0.408

Fatigue — 28 (51.9) 10 (35.7) 18 (69.2) 8.026 0.005

Anorexia — 19 (35.2) 6 (21.4) 13 (50.0) 4.826 0.028

Dizziness — 1 (1.9) 0 (0.0) 1 (3.8) 1.097 0.295

Diarrhea — 1 (1.9) 1 (3.6) 0 (0.0) 0.946 0.331

Comorbidities

Hypertension — 21 (38.9) 9 (32.1) 12 (46.2) 1.114 0.291

Diabetes — 10 (18.5) 7 (25.0) 3 (11.5) 1.619 0.203

Cardiovascular disease — 11 (20.4) 2 (7.1) 9 (34.6) 6.273 0.012

Cerebrovascular disease — 4 (7.4) 1 (3.6) 3 (11.5) 1.248 0.264

Chronic kidney injury — 2 (3.7) 1 (3.6) 1 (3.8) 0.003 0.957

COPD — 6 (11.1) 3 (10.7) 3 (11.5) 0.009 0.923

Cancer — 1 (1.9) 0 (0.0) 1 (3.8) 1.097 0.295

Hyperthyroidism — 1 (1.9) 0 (0.0) 1 (3.8) 1.097 0.295

Time from onset to

diagnosis, days

— 4 (0–9) 3 (0–9) 5 (1–9) 19.505 0.021

SOFA score — 3.0 (0–14) 2.5 (0–5) 5.0 (2–14) 4.186 <0.001

Vital signs

Temperature, �C 36–37 37.5 (35.5–39.2) 37.4 (36.0–39.2) 37.7 (35.5–39.0) 2.064 0.031

Respiratory rate,

breaths/minute

12–20 28 (16–40) 25 (16–32) 31 (16–40) 1.688 0.042

Heart rate, beats/minute 60–90 88 (55–146) 87 (55–130) 98 (70–146) 1.429 0.027

MAP, mmHg 70–105 93 (75–123) 94 (75–123) 93 (77–123) 1.892 0.062

Organ function injury

ARDS — 32 (59.3) 11 (39.3) 21 (80.8) 9.610 0.002

Septic shock — 8 (14.8) 0 (0.0) 8 (30.8) 10.114 0.001

Myocardial damage — 11 (20.4) 1 (3.6) 10 (38.5) 10.117 0.001

Liver injury — 16 (29.6) 7 (25.0) 9 (34.6) 0.598 0.439

AKI — 8 (14.8) 0 (0.0) 8 (30.8) 10.114 0.001

Gastrointestinal hemorrhage — 1 (1.9) 0 (0.0) 1 (3.8) 1.058 0.304

Whole blood cell analysis

White blood cell

count, �109/L

3.5–9.5 7.01 (2.01–21.03) 5.62 (2.01–14.02) 8.85 (3.02–21.03) 21.430 0.065

Neutrophil count, �109/L 1.8–6.3 5.51 (2.02–20.14) 3.61 (2.02–13.25) 7.57 (2.03–20.27) 17.850 0.013

Lymphocyte count, �109/L 1.1–3.2 0.87 (0–2.02) 1.01 (0–2.02) 0.79 (0–2.02) 5.582 0.061

Red blood cell count, �1012/L 3.8–5.1 4.12 (3.02–5.02) 4.11 (3.03–5.03) 4.13 (3.22–4.91) 2.407 0.492

Hemoglobin level, g/L 115–150 128 (72–157) 128 (72–157) 128 (104–157) 36.947 0.334

Platelet count, �109/L 125–350 176 (20–396) 205 (59–396) 149 (20–326) 50.072 0.391

(continued)
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structural and functional analyses of female
sex hormones and their relation to SARS-
CoV-2 cell entry revealed a putative mech-
anism whereby female sex hormones
may protect against the development of
a severe infection in patients with
COVID-19.30 In the present study, we

found that male patients with COVID-19
had a higher OR for HFNC therapy failure,
which was consistent with the tendency
toward more severe disease and higher
mortality in male patients with
COVID-19.5,6,31–33 This higher possibility
of HFNC therapy failure may be because

Table 1. Continued.

Reference

range

Total Success group Failure group

v2/F P*(n¼ 54) (n¼ 28) (n¼ 26)

Coagulation function parameters

Prothrombin time, seconds 9–13 12.4 (10.5–20.2) 12.0 (10.5–15.3) 13.5 (10.8–20.2) 17.069 0.009

APTT, seconds 25.0–31.3 28.8 (22.7–63.2) 28.3 (22.7–55.8) 29 (23.9–63.2) 15.638 0.269

Fibrinogen, g/L 2–4 4.50 (0.28–7.45) 4.56 (2.48–7.45) 3.72 (0.28–6.78) 12.610 0.082

D-dimer, mg/L 0–0.55 1.3 (0.2–179.7) 0.9 (0.2–13.5) 10.0 (0.3–179.7) 21.082 0.275

Liver injury markers

ALT, U/L 9–50 25.1 (7.3–532.6) 22.1 (7.3–532.6) 27.2 (8.9–102.2) 37.144 0.326

AST, U/L 15–40 33.3 (13.5–768.0) 25.2 (13.0–768.5) 43.2 (21.5–139.5) 44.148 0.195

Albumin, g/L 40–55 34.0 (27.9–61.1) 35.2 (27.9–61.1) 33.4 (27.9–40.6) 15.606 0.481

Total bilirubin, lmol/L 0–23 10.0 (6.1–411.3) 9.7 (6.1–21.3) 12.4 (7.5–411.3) 17.222 0.371

Kidney injury markers

Creatinine, lmol/L 59–104 67 (13–293) 64 (42–139) 75 (13–293) 2.482 0.027

BUN, mmol/L 3.6–9.5 5.7 (2.0–31.5) 4.9 (2.0–14.6) 7.4 (2.9–31.5) 1.877 0.175

Blood gas analysis

pH 7.35–7.45 7.43 (7.72–7.14) 7.43 (7.33–7.54) 7.43 (7.14–7.72) 1.603 0.112

PaCO2, mmHg 35–48 37 (25–68) 36 (25–53) 34 (25–68) 1.683 0.090

PaO2/FiO2, mmHg 400–500 186 (49–475) 223 (98–475) 143 (49–273) 10.385 0.032

C-reactive protein, mg/L 0–10 61.3 (5.2–200.0) 52.6 (5.5–200.0) 102.3 (5.0–200.0) 7.975 0.007

PCT, ng/mL 0–0.1 0.12 (0.01–2.96) 0.11 (0.02–2.96) 0.17 (0.01–2.01) 1.323 0.516

Data are presented as median (range) or n (%). P* indicates the P-values for comparisons of the Success group and Failure

group.

v2/F, chi-square/Fisher’s exact test; HFNC, high-flow nasal cannula; COPD, chronic obstructive pulmonary disease;

COVID-19, coronavirus disease 2019; SOFA, Sequential Organ Failure Assessment; MAP, mean arterial pressure; ARDS,

acute respiratory distress syndrome; AKI, acute kidney injury; PCT, procalcitonin; PaO2/FiO2, arterial partial pressure of

oxygen/fraction of inspired oxygen; PaCO2, arterial partial pressure of carbon dioxide; BUN, blood urea nitrogen; APTT,

activated partial thromboplastin time; ALT, alanine aminotransferase; AST, aspartate aminotransferase.

Table 2. Risk factors associated with HFNC therapy failure in patients with severe COVID-19.

b value Wald value P value OR 95% CI

Age 0.005 0.024 0.877 1.005 0.948–1.064

Male sex 1.821 4.880 0.027 6.178 1.228–31.089

Time from symptom onset to diagnosis 0.057 0.111 0.739 1.058 0.758–1.477

PaO2/FiO2 �0.019 4.995 0.025 0.981 0.965–0.998

SOFA score 0.790 4.288 0.038 2.202 1.043–4.650

Constant 0.158 0.003 0.954 1.171

CI, confidence interval; COVID-19, coronavirus disease 2019; HFNC, high-flow nasal cannula; OR, odds ratio; PaO2/FiO2,

arterial partial pressure of oxygen/fraction of inspired oxygen; SOFA, Sequential Organ Failure Assessment.
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male patients tend to have greater disease
severity and poorer tolerance to HFNC
therapy, especially older male patients.
Thus, early monitoring with high-quality
supportive care is needed for these patients,
and HFNC therapy should be implemented
as early as possible to avoid treatment delay
for older male patients with COVID-19
who are at high risk.

We also found that a low PaO2/FiO2 and
a high SOFA score were independent fac-
tors significantly associated with HFNC
therapy failure. Our observations showed
that a low PaO2/FiO2, as one of six varia-
bles, constituted a large proportion of
patients when assessing the SOFA scores
because other variables (namely the platelet
count, bilirubin level, mean arterial blood
pressure, Glasgow coma score, and creati-
nine level) were not as strongly affected in
patients with severe COVID-19. Increasing
evidence also shows that patients with
severe COVID-19 are characterized by clas-
sic ARDS, as indicated by the signs of dys-
pnea and a decreased PaO2/FiO2.

5,6,31–35

Indeed, from a therapeutic perspective, pos-
itive end-expiratory pressure ventilation is
optimally used to increase functional resid-
ual capacity and open collapsed alveoli,
thereby improving ventilation–perfusion
match, reducing intrapulmonary shunting,
and improving lung compliance; overall,
these changes reduce the respiratory load.
In addition, positive end-expiratory pres-
sure assists respiratory muscles during
inspiration, reducing respiratory effort and
dyspnea. From a theoretical and physiolog-
ical point of view, HFNC therapy may also
be beneficial in patients with ARDS.
However, HFNC therapy is only a “partial
support” therapy. This is mainly because
HFNC therapy generates only a small
positive-pressure spike at end-expiration
that depends on the nasal airflow and the
extent of mouth opening. HFNC therapy
appears to improve oxygenation primarily
by flushing the nasal airspaces, which

reduces anatomical dead space. As such,
HFNC therapy does not sufficiently
address the underlying pathology of
ARDS, such as the ventilation–perfusion
mismatch caused by atelectasis or consoli-
dation in the dependent areas.36 Therefore,
HFNC therapy is more likely to be unsuc-
cessful when used in patients with
COVID-19 who have a low PaO2/FiO2.
A recent study showed that HFNC therapy
alone could be offered to patients with mild
disease (PaO2/FiO2 of 200–300mmHg).35

Therefore, patients with COVID-19 who
develop severe ARDS are not appropriate
candidates for HFNC therapy,17,37,38 and
invasive mechanical ventilation is the opti-
mal choice. This is because invasive
mechanical ventilation may result in better
physiological effects on ventilation–perfu-
sion mismatch and greater homogeneity in
ARDS mechanics during positive-pressure
support.31,39

The present study had two limitations.
First, this was a retrospective study, which
may limit the strength and reliability of our
results. Second, this was a single-center
study with a relatively small sample size.
The small sample size may have led to
bias, yielding spurious findings in the statis-
tical analysis and thus limiting the reliabil-
ity of the results. Increasing the sample size
by enrolling more patients in future studies
would help to avoid this limitation.

Conclusions

In patients with severe COVID-19, male
sex, a low PaO2/FiO2, and a high SOFA
score were independent factors associated
with HFNC therapy failure. However, stud-
ies with larger sample sizes or multicenter
studies are warranted.
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