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Abstract

Purpose
High-�ow nasal cannula (HFNC) therapy in patients with hypoxemic respiratory failure due to COVID-19 is
poorly understood and remains controversial.

Methods
We designed a prospective observational study of a large cohort of patients with COVID-19-related
hypoxaemic respiratory failure at the Temporary COVID-19 Hospital in Mexico City. The primary outcome
was the success rate of HFNC to prevent the progression to invasive mechanical ventilation (IMV). We
also evaluated the risk factors associated with HFNC success or failure.

Results
This study included 378 patients who were admitted to the Temporary COVID-19 Hospital with a
con�rmed diagnosis of COVID-19 and hypoxemic respiratory failure. HFNC therapy effectively prevented
IMV in 71.4% of patients (n = 270; 95% con�dence interval [CI] 66.6–75.8%). Factors that were
signi�cantly different between patients who were only treated with HFNC therapy and those who
progressed to IMV included age, the presence of hypertension, and the Charlson comorbidity index.
Predictors of therapy failure included the CALL score at admission (adjusted hazard ratio [HR] 1.27; 95%
CI 1.09–1.47; p < 0.01), Rox index at 1 hour (adjusted HR 0.82; 95% CI 0.7–0.96; p = 0.02), and no prior
treatment with steroids (adjusted HR 0.34; 95% CI 0.19–0.62; p < 0.0001). Overall, therapy was
signi�cantly associated with a lower intensive care unit admission rate (7.0% vs 96.3%) and length of
hospital stay (15.0 vs 26.5 days).

Conclusions
Treating patients with HFNC therapy at admission was effective and prevented the worsening of
symptoms in some patients with COVID-19.

Introduction
A novel coronavirus disease (COVID-19) caused by the severe acute respiratory syndrome-coronavirus 2
(SARS-CoV-2) was �rst identi�ed in Wuhan, China in December 2019. Within 3 months of its emergence,
SARS-CoV-2 was declared a pandemic by the World Health Organization (WHO) on 11 March 2020 [1],
with over 89.7 million con�rmed cases and more than 1.9 million deaths reported globally by 12 January
2021 [2]. According to a report by the Chinese Centre for Disease Control and Prevention, 81% of cases
present with mild respiratory illness, 14% present with severe respiratory illness requiring hospital care,
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and 5% develop critical illness requiring treatment in an intensive care unit [3]. Clinical data suggest that
viral pneumonia-induced acute respiratory distress syndrome is the most common clinical manifestation
[4] among hospitalized patients, of which 14.8% develop an acute respiratory distress syndrome [5].
Although milder cases may be managed with non-invasive respiratory support, more severe cases require
mechanical ventilation [6]. Furthermore, it has been speculated that hypoxia may play a role in virus
replication, with oxygen therapy shown to disrupt some of the hypoxia-related molecular mechanisms
(i.e., hypoxia-inducible factor 1α) that are implicated in the replication and metabolism of several
different viruses [7].

Although several treatment guidelines have been published, there is still no consensus on high-�ow nasal
cannula (HFNC) therapy before endotracheal intubation in patients with severe SARS-CoV-2 pneumonia
[8–11]. HFNC has emerged as an alternative non-invasive respiratory support option that can reduce the
mortality rate as well as prevent or delay the need for intubation [12]. It has previously been reported that
HFNC therapy reduces all-cause mortality at 90 days in patients with community-acquired pneumonia
compared with standard oxygen therapy and non-invasive ventilation [13]. However, at present, there is
limited evidence on the e�cacy of HFNC in patients with severe SARS-CoV-2 pneumonia [14].
Furthermore, the risk of dispersion of SARS-CoV-2 through bio-aerosols and the risk of delayed intubation
using HFNC is unknown. Based on the known usefulness of HFNC in patients with acute respiratory
failure [15], it is crucial to determine the e�cacy of this non-invasive respiratory support method to avoid
the need for invasive mechanical ventilation (IMV) in patients with SARS-CoV-2.

The present study, which was performed at the Temporary COVID-19 Hospital located in the Citibanamex
Exhibition Center in Mexico City, aimed to evaluate the e�cacy of HFNC in patients with hypoxemic
respiratory failure due to severe SARS-CoV-2 pneumonia to reduce the risk of requiring IMV. We also
aimed to identify the risk factors of disease progression among patients with severe SARS-CoV-2
pneumonia and treated with HFNC.

Methods

Study design
This prospective observational study was conducted between 31 August 2020 and 2 October 2020 in
accordance with the Declaration of Helsinki. The study protocol was approved by an independent Ethical
Review Board at the National Autonomous University of Mexico (FM/DI/099/2020). All patients provided
written informed consent prior to participation.

Patients
Patients aged ≥ 18 years who were admitted to the Temporary COVID-19 Hospital with a con�rmed
diagnosis of COVID-19 (as veri�ed by a positive PCR test) and hypoxemic respiratory failure (PaO2 ≤ 60
mmHg) due to severe SARS-CoV-2 pneumonia were included. For HFNC use, a respiratory rate of > 24–30
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breaths per minute, a PAFI ratio (PaO2/FiO2) of 100–200, and requiring a FiO2 > 50% to achieve an
oxygen saturation (SpO2) of ≥ 92% was necessary.

Procedures
After admission, patients were initially evaluated for treatment with HFNC (Online Resource 1). In
addition, patients were also retrospectively assessed for HFNC according to the Rox index (Online
Resource 2). The Rox index is a measure of hypoxemia severity that predicts the need for IMV [16, 17]. In
this study, cut-off values of < 2.85, < 3.47, < 3.85, and < 4.88 after 2 hours, 6 hours, 12 hours, and 16 hours
were considered failure of HFNC. A Rox index of ≥ 4.88 after 16 hours was considered HFNC success.

HFNC (Precision Flow Plus, Vapotherm, New Hampshire, USA) was started with an oxygen �ow rate of 40
L/min and FiO2 of 100%, humidi�ed and heated to 34–37°C. Patients were instructed to maintain their
mouth closed to avoid loss of gas �ow. To mitigate aerosol dispersion and reduce the risk of viral
transmission among patients and health-care workers, the use of N95 masks, ocular protection, surgical
gown, and disposable gloves were mandatory.

Variables
We evaluated demographic and clinical characteristics, duration of symptoms prior to admission,
duration of HFNC or IMV, length of hospital stay, Rox index measurements, respiratory and blood gas
parameters at the start of HFNC and 16 hours after HFNC. The success of HFNC was de�ned as the non-
progression from HFNC to IMV, with a CALL score cutoff of > 6 points used to stratify the risk of
progression in patients with COVID-19 [18].

Statistical methods
A convenience sampling approach was used to select patients for inclusion in the study. Descriptive
statistics were used for baseline demographic and clinical characteristics, with n (%) for categorical
variables and median (interquartile range) for continuous variables. Wilcoxon rank-sum test was used to
compare continuous data between patients who did or did not require IMV. Chi-square or Fisher’s exact
test was used to compare categorical data between the groups. Statistical signi�cance was set at p-
value < 0.05.

Survival analysis (Cox regression) was �tted to calculate adjusted hazard ratios and 95% con�dence
intervals (CIs) for IMV among patients treated with HFNC. Only patients with complete clinical data were
included in the survival analysis. Data were analyzed from the start of HFNC until failure (the need of
IMV) or censure (discharge date). STATA v.15 (Stata Corp., College Station, TX, USA) and R 1.3.1073 were
used for statistical analyses.

Results

Patients
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The characteristics of patients included in this study are summarized in Table 1. A total of 378 patients
were included in this study and data were collected between 16 May 2020 and 9 November 2020. The
median (interquartile range) age was 54.5 (46–64) years, and 66.7% were male. The proportions of
patients with type 2 diabetes, hypertension, and obesity were 35.5%, 36.8%, and 47.6%, respectively.
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Table 1
Patient characteristics

  Total

N = 378

HFNC only

n = 270

HFNC + IMV

n = 108

p-
value

Age, years 54.5 (46–64) 53 (45–61) 60 (51–70) < 
0.0001

Sex       0.63

Female 126 (33.3) 92 (34.1) 34 (31.5) -

Male 252 (66.7) 178 (65.9) 74 (68.5) -

Diabetes 134 (35.5) 92 (34.1) 42 (38.9) 0.38

Uncontrolleda 71 (53.0) 44 (47.8) 27 (64.3) 0.08

Glucose, n = 348 128 (106–172) 124 (105.5–
166.5)

135 (107.5–
187)

0.26

Hypertension 139 (36.8) 90 (33.3) 49 (45.4) 0.03

Uncontrolledb 30 (7.9) 17 (6.3) 13 (12) 0.30

BMI (kg/m2)       0.80

Normal (18.5–24.9) 43 (11.4) 31 (11.5) 12 (11.1) -

Overweight (25.0–29.9) 140 (37.0) 101 (37.4) 39 (36.1) -

Obesity (≥ 30) 180 (47.6) 124 (45.9) 56 (51.9) -

Unknown 15 (4.0) 14 (5.2) 1 (0.9) -

Charlson comorbidity index       < 
0.0001

No comorbidities 162 (42.9) 130 (48.2) 32 (29.6) -

Low-risk category (1–2) 178 (47.1) 121 (44.8) 57 (52.8) -

High-risk category (≥ 3) 38 (10.1) 19 (7.0) 19 (17.6) -

Data are presented as n (%) or median (interquartile range)

BMI, body mass index; HFNC, high-�ow nasal cannula; ICU, intensive care unit; IMV, invasive
mechanical ventilation

a Uncontrolled diabetes de�ned as glucose > 180 mg/dL

b Uncontrolled hypertension de�ned as a blood pressure of > 140/100 mmHg
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  Total

N = 378

HFNC only

n = 270

HFNC + IMV

n = 108

p-
value

Duration of symptoms prior to
admission, days

8 (5–11) 9 (6–12) 6 (4–8.5) < 
0.0001

≤ 5 days 109 (28.8) 59 (21.8) 50 (46.3) < 
0.0001

> 5 days 268 (70.9) 210 (77.8) 58 (53.7) < 
0.0001

Unknown 1 (0.3) 1 (0.4) 0 (0.0) < 
0.0001

Time from admission to HFNC,
days

1.99 (2.4) 1.8 (2.3) 2.5 (2.6) 0.02

Duration of HFNC, (days) 11 (4–16) 13 (10–18) 2 (1–3) < 
0.0001

Steroid treatment at hospitalization 270 (71.4) 211 (78.2) 59 (54.6) < 
0.0001

ICU admission 123 (32.5) 19 (7.0) 104 (96.3) < 
0.0001

ICU duration, days 10 (5–19) 3 (2–3) 13 (7–20) < 
0.0001

Hospital duration, days 18 (12–25) 15 (11–20) 26.5 (20–36) < 
0.0001

Laboratory results at admission and when HFNC was started

Creatinine (mg/dL), n = 353        

At admission 0.9 (0.7–1.0) 0.8 (0.7–1.0) 0.9 (0.8–1.2) 0.002

At HFNC start 0.8 (0.7–1.0) 0.8 (0.7–1.0) 0.8 (0.6–1.2) 0.85

FiO2 (mmHg), n = 348        

At admission 35 (24–56) 35 (24–53) 32 (24–60) 0.82

At HFNC start 45 (32–75) 40 (30–60) 63 (34–94) < 
0.0001

Data are presented as n (%) or median (interquartile range)

BMI, body mass index; HFNC, high-�ow nasal cannula; ICU, intensive care unit; IMV, invasive
mechanical ventilation

a Uncontrolled diabetes de�ned as glucose > 180 mg/dL

b Uncontrolled hypertension de�ned as a blood pressure of > 140/100 mmHg
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  Total

N = 378

HFNC only

n = 270

HFNC + IMV

n = 108

p-
value

Lymphocyte (%), n = 362        

At admission 11.7 (6.9–
18.6)

12.4 (7.7–
18.6)

10.6 (6.3–
17.4)

0.06

At HFNC start 11.5 (7.4–
19.1)

12.5 (8.0–
20.7)

8.8 (5.5–16.1) < 
0.0001

D-dimer (ng/mL), n = 357        

At admission 550 (380–890) 555 (390–940) 550 (360–790) 0.32

At HFNC start 580 (370–970) 540 (350–860) 735 (490–
1145)

< 
0.0001

Ferritin (µg/L), n = 279        

At admission 466.6 (227.3–
836.8)

466.6 (229.2–
770.6)

467.8 (219.8–
961.7)

0.69

At HFNC start 457.4 (249.9–
780.7)

438.4 (230.5–
714.1)

556.4 (305.2–
971.7)

0.03

Data are presented as n (%) or median (interquartile range)

BMI, body mass index; HFNC, high-�ow nasal cannula; ICU, intensive care unit; IMV, invasive
mechanical ventilation

a Uncontrolled diabetes de�ned as glucose > 180 mg/dL

b Uncontrolled hypertension de�ned as a blood pressure of > 140/100 mmHg

Outcomes
A �ow chart of the outcomes of 378 patients with hypoxemic respiratory failure who were treated with
HFNC is shown in Fig. 1. The HFNC success rate, de�ned as patients who did not require IMV, was 71.4%
(n = 270; 95% CI 66.6–75.8) compared with 28.6% (n = 108; 95% CI 24.2–33.4) of patients who required
IMV. Of the 270 patients who were successfully treated with HFNC, 262 patients (97.0%) were discharged,
seven patients (2.6%) were referred, and one patient (0.4%) died. Among those 108 patients who required
IMV, 61.1% (n = 66; 95% CI 51.5–69.9) were successfully extubated. Of those 66 patients who required
IMV and were successfully extubated, 64 patients (97.0%) were discharged and one patient (1.5%) died.
Furthermore, the proportion of patients with HFNC success increased over time from when HFNC
treatment was started (Fig. 2). The median (interquartile range) number of days of HFNC administration
was 13 (10–18) days in patients who had success compared with 2 (1–3) days in patients who then also
required IMV.
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When comparing patients who required IMV and those who did not require IMV, age and the presence of
hypertension were signi�cantly different (p < 0.0001 and p = 0.03, respectively). The Charlson comorbidity
index categories also differed signi�cantly between these two groups (p < 0.0001) (Table 1). Patients who
received HNFC only were treated for a signi�cantly longer period of time versus those who eventually
required IMV (13 vs 2 days, respectively; p < 0.0001). The intensive care unit admission rate (7.0% vs
96.3%) and length of hospital stay (15 vs 26.5 days) were also signi�cantly different between patients
who did not require IMV and those who required IMV.

Laboratory results at admission and when HFNC was commenced are summarized in Table 1 and Online
Resource 3 in the online data supplement. Patients who required IMV had less favorable laboratory
parameters versus those who did not require IMV. Of note, there were signi�cant differences at admission
and when commencing HFNC in absolute lymphocyte counts (p < 0.01 and p < 0.0001, respectively).
Although markers of in�ammation (median D-dimer and ferritin levels) were not signi�cantly different
between patients who only required HFNC and those who also required IMV at admission (p = 0.32 and p 
= 0.69, respectively), they were signi�cantly different when commencing HFNC (p < 0.01 and p = 0.03,
respectively).

Rox index values were signi�cantly higher at each time point in patients who did not require IMV versus
those who required IMV (Fig. 3). In patients with HFNC success, Rox index values increased from 5.98 at
baseline to 6.41, 6.83, 7.02, 7.37, 7.87, and 8.20 after 1, 2, 4, 6, 12, and 16 hours, respectively. In contrast,
in patients with HFNC failure, Rox index values remained low from 5.40 at baseline to 5.70, 5.88, 5.76,
5.93, 5.74, and 5.62 after 1, 2, 4, 6, 12, and 16 hours, respectively. When comparing Rox index values
between 2 hours and 16 hours, the difference was signi�cant in the HFNC only group, but not in the HFNC
and IMV group (p < 0.0001 and p = 0.91, respectively).

The changes in arterial blood gas parameters from 2 hours after HFNC to 16 hours after HFNC are
summarized in Online Resource 4. In patients with HFNC success, the median (interquartile range) SPFI
ratio increased from 135.7 (115.3, 160.0) after 2 hours to 158.4 (127.2, 192.2) after 16 hours of HFNC. In
patients with HFNC failure, the median (interquartile range) SPFI ratio decreased from 115.0 (98.0, 140.0)
after 2 hours to 110.4 (96.5, 134.9) after 16 hours of HFNC. When comparing SPFI ratios between 2 hours
and 16 hours, the difference was only signi�cant in the HFNC only group and not in the HFNC and IMV
group (p < 0.0001 and p = 0.34, respectively).

Finally, we show that the CALL score at admission (adjusted hazard ratio 1.27; 95% CI 1.09–1.47; p < 
0.01), Rox index at 1 hour (adjusted hazard ratio 0.82; 95% CI 0.70–0.96; p = 0.02), and absence of
treatment with steroids (adjusted hazard ratio 0.34; 95% CI 0.19–0.62; p < 0.0001) were all signi�cant
predictors of HFNC failure (Table 2).
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Table 2
Predictors of HFNC failure (n = 238)

Variable Adjusted HR (95% CI) p-value

Age (per year increase) 1.003 (0.99–1.01) 0.53

Male vs female 0.73 (0.41–1.32) 0.28

CALL score (per 1-point increase) 1.27 (1.09–1.47) < 0.01

No diabetes (vs uncontrolled) 0.81 (0.43–1.51) 0.50

Diabetes (vs uncontrolled) 0.46 (0.16–1.29) 0.14

Hypertension (vs no hypertension) 1.08 (0.47–2.50) 0.85

Overweight (vs normal weight) 1.05 (0.38–2.93) 0.92

Obesity (vs normal weight) 1.49 (0.55–4.01) 0.43

Rox index 1 hour (per 1-point increase) 0.82 (0.70–0.96) 0.02

Treatment with steroids (vs no treatment) 0.34 (0.19–0.62) < 0.0001

Absolute lymphocytes (per unit increase) 0.99 (0.99–1.00) 0.24

D-dimer 550–1000 (vs normal levels) 1.23 (0.66–2.27) 0.51

D-dimer > 1000–1500 (vs normal levels) 1.52 (0.61–3.76) 0.37

D-dimer > 1500 (vs normal levels) 0.31 (0.09–1.09) 0.07

PAFI (per unit increase) 0.99 (0.99–1.00) 0.94

Lactate–mmol/L (per unit increase) 1.25 (0.80–1.97) 0.33

PaCO2 (per unit increase) 1.04 (0.98–1.11) 0.18

CALL, comorbidity–age–lymphocyte–and LDH; CI, con�dence interval; HFNC, high-�ow nasal
cannula; HR, hazard ratio; PAFI, ratio of PaO2 over FiO2

Supplementary material

Online Resource 1. Clinical protocol for the management of hypoxemic respiratory failure in the
Temporary COVID-19 Hospital

Abbreviations: FiO2, fractional inspired oxygen; HFNC, high-�ow nasal cannula; ICU, intensive care
unit; RR–respiratory rate; RX, radiography; NEWS, National Early Warning Score; PAFI, ratio of PaO2
over FIO2; SpO2, oxygen saturation

Online Resource 2. Algorithms for HFNC follow up and admission to the intensive care unit

Abbreviations: HFNC, high-�ow nasal cannula; ICU, intensive care unit; SpO2, oxygen saturation; FiO2,
fractional inspired oxygen; PAFI, ratio of PaO2 over FIO2
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Variable Adjusted HR (95% CI) p-value

Online Resource 3. Disease severity risk markers at admission and at start of HFNC

Discussion
The present study is one of the largest observational prospective studies to evaluate the e�cacy of HFNC
use in patients with severe SARS-CoV-2 pneumonia. Our results showed that the HFNC success rate of
71.4% signi�cantly prevented escalation to IMV in patients with hypoxemic respiratory failure due to
COVID-19. CALL score at admission predicted a linear increase in the risk of IMV with an HR of 1.27 for
every point increase. Rox index at 1 hour after starting HFNC predicted an 18% decrease in the risk of IMV
for every point increase whereas steroid treatment predicted a 66% decrease in the risk of IMV compared
with the absence of steroid treatment. Overall, the present �ndings are consistent with those reported in
previous studies [14, 19–21]. However, direct comparisons cannot be made because of differences in the
study design and de�nitions of HFNC success between the studies.

In a multicenter prospective observational study of 293 consecutive patients with severe COVID-19-
related hypoxemic respiratory failure in South Africa, the HFNC success rate (de�ned as the proportion of
patients successfully weaned from HFNC) was 47% (137/293 patients), which is substantially lower than
the 71.4% we report in the present study [19]. It was also reported that the median duration of HFNC was
signi�cantly higher in those with HFNC success vs those with HFNC failure (p < 0.001). In a study of 28
consecutive patients with hypoxemic acute respiratory failure due to SARS-CoV-2 infection in Italy, the
HFNC success rate (de�ned as a reversal of hypoxemia or SpO2 ≥ 92%), was 67.8% (19/28 patients) [14].
However, it was reported that only 17.8% of patients subsequently required IMV (vs 28.6% in the present
study), although the small number of patients (n = 28) in that study is likely to be a confounding factor. In
a larger multicenter, retrospective cohort study conducted in Wuhan, HFNC failure (de�ned as upgrading
respiratory support to positive pressure ventilation or death) was reported in 46.5% of patients. Among
these patients, 13 (30.2%) subsequently required IMV, with failure of HFNC associated with a higher
mortality rate [21]. Finally, in a small study of eight patients with severe and critical COVID-19 in China, it
was reported that after 2 hours of HFNC therapy, the Rox index was ≥ 4.88 in 100% of patients and this
remained above this cut-off for 12 hours [20]. It was concluded that even in severe and critical patients
who were experiencing hypoxemic respiratory failure, HFNC was successful.

When investigating factors associated with HFNC failure, the present study found that the CALL score at
admission was a signi�cant predictor of HFNC failure. Conversely, Rox index at 1 hour (per 1-point
increase) and prior treatment with steroids were signi�cant predictors of HFNC success. Our �ndings are
consistent with those of a previous study, which reported that a Rox index of 6 after HFNC
commencement and the use of steroids were associated with HFNC success [19]. The potential effect of
corticoids in reducing the number of patients requiring IMV has been reported previously; however, a clear
consensus on their evidence-based bene�t has yet to be reached [22]. Similar to the present study, the
severity of hypoxemia and lower oxygen saturation at admission were reported to be factors associated
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with HFNC failure in previous studies [14, 21]. Other factors, including C reactive protein level [14] and
male sex [21], have also been previously associated with HFNC failure.

There are many potential advantages of HFNC use including e�cacy, less training needed for health-care
personnel, lower cost compared with IMV, and better outcomes in patients who are initially treated with
HFNC, even if IMV is required subsequently. Furthermore, in hospitals with saturated critical care
capacities, the early use of HFNC is likely to have a positive impact. Conversely, some of the potential
barriers of HFNC use in low resource settings are that some training of health-care personnel is needed,
HFNC requires the cooperation of the patient for adequate use, and, as with IMV, there are limitations in
the chain of supply. Despite concerns being raised regarding a perceived high risk of dispersion of bio-
aerosols via HFNC, the evidence suggests that the risk of dispersing SARS-CoV-2 viral particles with
HFNC using a surgical mask is the same as that of standard oxygen masks [23]. Furthermore, two
previous trials comparing HFNC with different masks in other disease states have reported that there was
no obvious increase in aerosol dispersion with HFNC use [24, 25].

The present study has some limitations, including those inherent to the observational, single-center study
design and the retrospective analysis of patients according to the management/treatment algorithms,
which may have introduced bias.

Conclusions
In conclusion, the present study showed that IMV was avoided in 71.4% of patients with SARS-CoV-2
pneumonia and hypoxemic respiratory failure when treated with HFNC, thus reinforcing the bene�ts of
the timely use of HFNC. HFNC might prevent the worsening of some patients with severe SARS-CoV-2
pneumonia, reduce the need for IMV, and reduce the length of stay in the hospital and the intensive care
unit. CALl score, Rox index at 1 hour after starting HFNC, and presence/absence of steroid treatment were
identi�ed as predictors of HFNC outcome. These results should be validated in prospectively registered
randomized controlled trials.
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Table 1 Patient characteristics
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  Total 

N = 378

HFNC only

n = 270

HFNC + IMV

n = 108

p-value

Age, years 54.5 (46–64) 53 (45–61) 60 (51–70) <0.0001
Sex    0.63

Female 126 (33.3) 92 (34.1) 34 (31.5) -
Male 252 (66.7) 178 (65.9) 74 (68.5) -

Diabetes  134 (35.5) 92 (34.1) 42 (38.9) 0.38
Uncontrolleda 71 (53.0) 44 (47.8) 27 (64.3) 0.08
Glucose, n = 348 128 (106–

172)
124 (105.5–

166.5)
135 (107.5–

187)
0.26

Hypertension 139 (36.8) 90 (33.3) 49 (45.4) 0.03
Uncontrolledb 30 (7.9) 17 (6.3) 13 (12) 0.30

BMI (kg/m2)    0.80
Normal (18.5–24.9) 43 (11.4) 31 (11.5) 12 (11.1) -
Overweight (25.0–29.9) 140 (37.0) 101 (37.4) 39 (36.1) -
Obesity (≥30) 180 (47.6) 124 (45.9) 56 (51.9) -
Unknown 15 (4.0) 14 (5.2) 1 (0.9) -

Charlson comorbidity index    <0.0001
No comorbidities 162 (42.9) 130 (48.2) 32 (29.6) -
Low-risk category (1–2) 178 (47.1) 121 (44.8) 57 (52.8) -
High-risk category (≥3) 38 (10.1) 19 (7.0) 19 (17.6) -

Duration of symptoms prior to
admission, days

8 (5–11) 9 (6–12) 6 (4–8.5) <0.0001

≤5 days 109 (28.8) 59 (21.8) 50 (46.3) <0.0001
>5 days 268 (70.9) 210 (77.8) 58 (53.7) <0.0001
Unknown 1 (0.3) 1 (0.4) 0 (0.0) <0.0001

Time from admission to HFNC,
days

1.99 (2.4) 1.8 (2.3) 2.5 (2.6) 0.02

Duration of HFNC, (days) 11 (4–16) 13 (10–18) 2 (1–3) <0.0001
Steroid treatment at
hospitalization

270 (71.4) 211 (78.2) 59 (54.6) <0.0001

ICU admission 123 (32.5) 19 (7.0) 104 (96.3) <0.0001
ICU duration, days 10 (5–19) 3 (2–3) 13 (7–20) <0.0001
Hospital duration, days 18 (12–25) 15 (11–20) 26.5 (20–36) <0.0001
Laboratory results at admission and when HFNC was started
Creatinine (mg/dL), n = 353        

At admission 0.9 (0.7–1.0) 0.8 (0.7–1.0) 0.9 (0.8–1.2) 0.002
At HFNC start 0.8 (0.7–1.0) 0.8 (0.7–1.0) 0.8 (0.6–1.2) 0.85

FiO2 (mmHg), n = 348        
At admission 35 (24–56) 35 (24–53) 32 (24–60) 0.82
At HFNC start 45 (32–75) 40 (30–60) 63 (34–94) <0.0001

Lymphocyte (%), n = 362        
At admission 11.7 (6.9–

18.6)
12.4 (7.7–

18.6)
10.6 (6.3–

17.4)
0.06

At HFNC start 11.5 (7.4–
19.1)

12.5 (8.0–
20.7)

8.8 (5.5–16.1) <0.0001

D-dimer (ng/mL), n = 357        
At admission 550 (380–

890)
555 (390–

940)
550 (360–

790)
0.32
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At HFNC start 580 (370–
970)

540 (350–
860)

735 (490–
1145)

<0.0001

Ferritin (µg/L), n = 279        
At admission 466.6 (227.3–

836.8)
466.6 (229.2–

770.6)
467.8 (219.8–

961.7)
0.69

At HFNC start 457.4 (249.9–
780.7)

438.4 (230.5–
714.1)

556.4 (305.2–
971.7)

0.03

 
Data are presented as n (%) or median (interquartile range)
BMI, body mass index; HFNC, high-flow nasal cannula; ICU, intensive care unit; IMV,
invasive mechanical ventilation
a Uncontrolled diabetes defined as glucose >180 mg/dL
b Uncontrolled hypertension defined as a blood pressure of >140/100 mmHg

 

Table 2 Predictors of HFNC failure (n = 238)
Variable Adjusted HR (95% CI) p-value
Age (per year increase) 1.003 (0.99–1.01) 0.53
Male vs female 0.73 (0.41–1.32) 0.28
CALL score (per 1-point increase) 1.27 (1.09–1.47) <0.01
No diabetes (vs uncontrolled) 0.81 (0.43–1.51) 0.50
Diabetes (vs uncontrolled) 0.46 (0.16–1.29) 0.14
Hypertension (vs no hypertension) 1.08 (0.47–2.50) 0.85
Overweight (vs normal weight) 1.05 (0.38–2.93) 0.92
Obesity (vs normal weight) 1.49 (0.55–4.01) 0.43
Rox index 1 hour (per 1-point increase) 0.82 (0.70–0.96) 0.02
Treatment with steroids (vs no treatment) 0.34 (0.19–0.62) <0.0001
Absolute lymphocytes (per unit increase) 0.99 (0.99–1.00) 0.24
D-dimer 550–1000 (vs normal levels) 1.23 (0.66–2.27) 0.51
D-dimer >1000–1500 (vs normal levels) 1.52 (0.61–3.76) 0.37
D-dimer >1500 (vs normal levels) 0.31 (0.09–1.09) 0.07
PAFI (per unit increase) 0.99 (0.99–1.00) 0.94
Lactate–mmol/L (per unit increase) 1.25 (0.80–1.97) 0.33
PaCO2 (per unit increase) 1.04 (0.98–1.11) 0.18

CALL, comorbidity–age–lymphocyte–and LDH; CI, confidence interval; HFNC, high-flow
nasal cannula; HR, hazard ratio; PAFI, ratio of PaO2 over FiO2
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Figures

Figure 1

Flow chart of outcomes of patients treated with HFNC HFNC success was de�ned as the non-progression
from HFNC to IMV. Abbreviations: HFNC, high-�ow nasal cannula; IMV, invasive mechanical ventilation
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Figure 2

Proportion of patients with HFNC success and failure over time *p-value <0.0001 Abbreviations: HFNC,
high-�ow nasal cannula; IMV, invasive mechanical ventilation; IQR, interquartile range
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Figure 3

Rox index in patients with HFNC success and failure Rox index values at different time points in patients
who did not require IMV (success of HFNC; black dots) versus those who required IMV (failure of HFNC;
grey dots) among patients with hypoxemic respiratory failure who underwent treatment with HFNC.
Abbreviations: HFNC, high-�ow nasal cannula; IMV, invasive mechanical ventilation
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