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Introduction: High-flow nasal cannula (HFNC]) therapy in patients with hypoxemic respiratory
failure due to COVID-19 is poorly understood and remains controversial.

Methods: We evaluated a large cohort of patients with COVID-19-related hypoxemic
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: HFNC use effectively prevented IMV in 71.4% of patients [270 of 378 patients; 95%
confidence interval (Cl) 66.6-75.8%]. Factors that were significantly different at admission
included age, the presence of hypertension, and the Charlson comorbidity index. Predictors of
therapy failure (adjusted hazard ratio, 95% Cl) included the comorbidity-age-lymphocyte count-
lactate dehydrogenase (CALL) score at admission (1.27, 1.09-1.47; p<0.01), Rox index at 1 hour
(0.82, 0.7-0.96; p=0.02), and no prior steroid treatment (0.34, 95% Cl 0.19-0.62; p < 0.0001).
Patients with HFNC success rarely required admission to the intensive care unit and had
shorter lengths of hospital stay [19/270 (7.0%) and 15.0 (interquartile range, 11-20) days,
respectively] than those who required IMV [104/108 (96.3%) and 26.5 (20-36) days, respectively].
Conclusion: Treating patients with HFNC at admission led to improvement in respiratory

parameters in many patients with COVID-19.
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Introduction

In the management of acute respiratory failure in
patients with SARS-CoV-2 pneumonia, experts
have agreed that following conventional oxygen
therapy, the use of high-flow nasal cannula
(HFNC) constitutes the next step in the therapeu-
tic pyramid, before endotracheal intubation.!
HFNC has emerged as an alternative, non-inva-
sive respiratory support option that can reduce the

mortality rate as well as prevent or delay the need
for intubation in patients with severe acute respira-
tory distress caused by SARS-CoV-2 pneumonia.?
However, despite evidence of the beneficial effect
of HFNC use in patients with acute respiratory
distress,? at present, there is limited evidence on
the efficacy of HFNC in patients with severe
SARS-CoV-2 pneumonia.* While some concerns
have been raised regarding the risk of dispersion of
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Figure 1. Clinical protocol for the management of hypoxemic respiratory failure in the temporary COVID-19

Hospital.

FiO,, fractional inspired oxygen; HFNC, high-flow nasal cannula; ICU, intensive care unit; NEWS, National Early Warning
Score; PAFI, ratio of Pa0, over FIO,; RR, respiratory rate; RX, radiography; Sp0,, oxygen saturation.

SARS-CoV-2 through bio-aerosols,? the evidence
to date challenges the presumption of aerosol gen-
erating procedures.’ Some concerns have also
been raised regarding the risk of delayed intuba-
tion resulting in worse outcomes.® Based on the
known usefulness of HFNC in patients with acute
respiratory failure, it is crucial to determine the
efficacy 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 efficacy 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 con-
ducted between 16 May 2020 and 9 November

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 confirmed
diagnosis of COVID-19 [as verified by a positive
polymerase chain reaction (PCR) test] and
hypoxemic respiratory failure (PaO, <60 mmHg)
due to severe SARS-CoV-2 pneumonia were
included. For HFNC use, a respiratory rate of
>24-30 breaths per minute, a PAFI ratio (PaO,/
FiO,) of 100-200,° and requiring a Fi0,>50%
to achieve an oxygen saturation (SpO,) of =92%
was necessary.

Procedures

After admission, patients were initially evaluated
for treatment with HFNC (Figure 1). In addition,
patients were also assessed for HFNC according
to the Rox index (see Supplemental Figure 1
online). The Rox index is a measure of
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hypoxemia severity that predicts the need for
IMV.10:11 In this study, cut-off values of <2.85,
<3.47, <3.85, and <4.88 after 2hours, 6 hours,
12hours, and 16 hours were considered failure of
HFNC, as previously described.!? A Rox index of
=4.88 after 16hours was considered HFNC
success.

HFNC (Precision Flow Plus, Vapotherm, New
Hampshire, USA) was started with an oxygen
flow rate of 401/min and FiO, of 100%, humidi-
fied and heated to 34-37°C. Patients were
instructed to keep their mouths closed to avoid
loss of gas flow. To conform with local standards
of infection control, the use of N95 masks, ocular
protection, surgical gowns, and disposable gloves
were mandatory for all healthcare personnel.

After the initial respiratory evaluation, patients
who were admitted to the intermediate therapy
ward and fulfilled two or more of the following
criteria were admitted to the intensive care unit
(ICU): (1) respiratory rate >30rpm, (2) PAFI
ratio <100, (3) lactate >1mmol/dl, and (4) radi-
ographic deterioration (Figure 1). Patients who
were admitted to the ICU were then considered
for intubation according to ICU admission crite-
ria. Among patients who initiated HFNC, admis-
sion to the ICU was based on the Rox index
evaluation as follows: patients whose Rox index
was <3.47 at 6 hours after initiating HFNC after
a first HFNC failure, patients whose Rox index
was <3.85 at 12 hours after initiating HFNC, and
patients whose Rox index was <4.88 at 16hours
after initiating HFNC (see Supplemental Figure
1 online).

Variables

We evaluated demographic and clinical charac-
teristics, duration of symptoms prior to admis-
sion, duration of HFNC or IMV, length of
hospital stay, Rox index measurements, and res-
piratory and blood gas parameters at the start of
HFNC and 16hours after HFNC. The success
of HFNC was defined 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-19.12

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 7
(%) for categorical variables and median [inter-
quartile range (IQR)] for continuous variables.
The Wilcoxon rank-sum test was used to com-
pare continuous data between patients who did or
did not require IMV. A Chi-square or Fisher’s
exact test was used to compare categorical data
between the groups. Statistical significance was
set at a p-value <0.05.

Survival analysis (Cox regression) was fitted to
calculate adjusted hazard ratios (HRs) and 95%
confidence intervals (CIs) for IMV among
patients treated with HFNC. A multivariate sur-
vival analysis was performed, adjusting for the
following confounders: age, sex, CALL score,
diabetes, hypertension, obesity, Rox index at
1 hour, treatment with steroids, absolute lympho-
cytes, D-dimer, PAFI, lactate, and PaCO,. 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 version
3.6.3 were used for statistical analyses.

Results

Patients

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 (IQR) age was 54.5 (46—64)
years, and 66.7% (n=252) were male. The pro-
portions of patients with type 2 diabetes, hyper-
tension, and obesity were 35.5% (n=134), 36.8%
(n=139), and 47.6% (n=180), respectively.

Outcomes

A flow chart of the outcomes of 378 patients with
hypoxemic respiratory failure who were treated
with HFNC is shown in Figure 2. The HFNC
success rate, defined 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
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Table 1. Patient characteristics.

Total HFNC only HFNC + IMV p-value
N=378 n=270 n=108
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
Uncontrolled diabetes? 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
Uncontrolled hypertension® 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
<bdays 109 (28.8) 59 (21.8) 50 (46.3) <0.0001
>b5days 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

Data are presented as n (%) or median (IQR)

aUncontrolled diabetes defined as glucose >180mg/dL.

bUncontrolled hypertension defined as a blood pressure of >140/100 mmHg.

BMI, body mass index; HFNC, high-flow nasal cannula; ICU, intensive care unit; IMV, invasive mechanical ventilation; IQR, interquartile range.
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Figure 2. Flow chart of outcomes of patients treated with HFNC.
HFNC success was defined as the non-progression from HFNC to IMV.
HFNC, high-flow nasal cannula; IMV, invasive mechanical ventilation.

Number of patients
[ = N N w w s )
(=] w o w o [ (<} w

w

BHFNC B HFNC + IMV

Comal |.|I‘ll‘ll‘ll‘llllllll..l

1 2 3 45 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

Days

Median (IQR) days
from start of HFNC

Only HFNC 13(10-18)
HFNC + IMV 2 (1-3)
Total 11 (4-16)

Figure 3. Proportion of patients with HFNC success and failure over time.

“p-value <0.0001.

HFNC, high-flow nasal cannula; IMV, invasive mechanical ventilation; IQR, interquartile range.

who required IMV, 61.1% (n=66; 95% CI 51.5—
69.9) were successfully extubated. Of those 66
patients who required IMV and who were suc-
cessfully extubated, 64 patients (97.0%) were dis-
charged, and one patient (1.5%) died. In addition,
the proportion of patients with HFNC success
increased over time from when HFNC treat-
ment was started (Figure 3). The median (IQR)
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.

When comparing patients who required IMV
and those who did not require IMV, age and the
presence of hypertension were significantly dif-
ferent (p<<0.0001 and p=0.03, respectively).
The Charlson comorbidity index categories also
differed significantly between these two groups
(p<0.0001) (Table 1). Patients who only
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Table 2. Laboratory results at admission and when HFNC was started.

Total Only HFNC HFNC + IMV p-value
N=378 n=270 n=108
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
FiO, (mmHg), n=348
At admission 35 (24-56) 35 (24-53) 32 (24-60) 0.82
At HFENC 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 HENC 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 (ug/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 median (interquartile range).

FiO,, fraction of inspired oxygen; HFNC, high-flow nasal cannula; IMV, invasive mechanical ventilation.

received HNFC were treated for a significantly
longer period of time versus those who eventu-
ally required IMV (13 oversus 2days, respec-
tively; p < 0.0001). Patients with HFNC success
rarely required admission to the ICU and had
shorter lengths of hospital stay [19/270 (7.0%)
and 15.0days, respectively] than those who
required IMV [104/108 (96.3%) and 26.5 days,
respectively].

Laboratory results at admission and when HFNC
was commenced are summarized in Table 2 and
Supplemental Table 2 online. Patients who
required IMV had less favorable laboratory
parameters versus those who did not require IMV.
It should be noted that there were significant dif-
ferences at admission and when commencing
HFNC in absolute lymphocyte counts (p<<0.01
and p<<0.0001, respectively). Although markers
of inflammation (median D-dimer and ferritin
levels) were not significantly 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 significantly dif-
ferent when commencing HFNC (p<<0.01 and
p=0.03, respectively).

Rox index values were significantly higher at each
time point in patients who did not require IMV
versus those who required IMV (Figure 4). 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
16hours, 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 the Rox
index values between 2hours and 16hours, the
difference was significant in the HFNC only
group, but not in the HFNC and IMV group
(»p<0.0001 and p=0.91, respectively).
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Figure 4. 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.

HFNC, high-flow nasal cannula; IMV, invasive mechanical
ventilation.

The changes in arterial blood gas parameters from
2hours after HFNC to 16hours after HFNC are
summarized in Supplemental Table 3 online. In
patients with HFNC success, the median (IQR)
ratio of SpO, over FiO, (SPFI) increased from
135.7 (115.3, 160.0) after 2hours to 158.4 (127.2,
192.2) after 16hours of HFNC. In patients with
HFNC failure, the median (IQR) SPFI ratio
decreased from 115.0 (98.0, 140.0) after 2hours
to 110.4 (96.5, 134.9) after 16hours of HFNC.
When comparing SPFI ratios between 2 hours and
16 hours, the difference was only significant 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 admis-
sion (adjusted HR 1.27; 95% CI 1.09-1.47;
$<0.01), Rox index at 1 hour (adjusted HR 0.82;
95% CI 0.70-0.96; p=0.02), and absence of
treatment with steroids (adjusted HR 0.34; 95%
CI 0.19-0.62; p<<0.0001) were all significant
predictors of HFNC failure (Table 3).

Discussion

The present study is one of the largest observa-
tional prospective studies to evaluate the efficacy
of HFNC use in patients with severe SARS-
CoV-2 pneumonia. Our results showed that the
HFNC success rate of 71.4% significantly

prevented escalation to IMV in patients with
hypoxemic respiratory failure due to COVID-19.
This finding is important, because if HFNC was
not available at our temporary COVID-19 hospi-
tal, the majority of these patients would have
required IMV, which is supported in the litera-
ture across several studies.!3-17

CALL score at admission predicted a linear
increase in the risk of IMV, with an HR of 1.27
for every point increase. The Rox index at 1 hour
after starting HFNC predicted an 18% decrease
in the risk of IMV for every point increase; in con-
trast, steroid treatment predicted a 66% decrease
in the risk of IMV compared with the absence of
steroid treatment.

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 (defined 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.!3 It was also reported that the
median duration of HFNC was significantly
higher in those with HFNC success versus those
with HFNC failure (p<<0.001). In a study of 28
consecutive patients with hypoxemic acute res-
piratory failure due to SARS-CoV-2 infection in
Italy, the HFNC success rate (defined as a rever-
sal of hypoxemia or SpO,=92%), was 67.8%
(19/28 patients).* However, it was reported that
only 17.8% of patients subsequently required
IMYV (versus 28.6% in the present study), although
the small number of patients (z=28) in that study
is likely to be a confounding factor. In a larger
multicenter, retrospective cohort study con-
ducted in Wuhan, HFNC failure (defined as
upgrading respiratory support to positive pressure
ventilation or death) was reported in 46.5% of
patients. Among these patients, 13 (30.2%) sub-
sequently required IMV, with failure of HFNC
associated with a higher mortality rate.!® Finally,
in a small study of eight patients with severe and
critical COVID-19 in China, it was reported that
after 2hours of HFNC use, the Rox index was
=4.88 in 100% of patients and this remained
above this cut-off for 12 hours.!° It was concluded
that even in severe and critical patients who were
experiencing hypoxemic respiratory failure,
HFNC was successful. In a previous retrospective
analysis of patients with moderate-to-severe
hypoxemia due to highly suspected or proven
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Table 3. Predictors of HFNC failure (n=238) (adjusted Cox regression model].

Variable Adjusted HR (95% CI) p-value
Age (per year increase) 1.003 (0.99-1.01) 0.53
Male versus 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 (versus uncontrolled) 0.81(0.43-1.51) 0.50
Diabetes (versus uncontrolled) 0.46 (0.16-1.29) 0.14
Hypertension (versus no hypertension) 1.08 (0.47-2.50) 0.85
Overweight (versus normal weight) 1.05 (0.38-2.93) 0.92
Obesity (versus 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 (versus 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 (versus normal levels) 1.23(0.66-2.27) 0.51
D-dimer>1000-1500 (versus normal levels) 1.52(0.61-3.76) 0.37
D-dimer> 1500 (versus 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
PaCO, (per unit increase) 1.04 (0.98-1.11) 0.18

CALL, comorbidity-age-lymphocyte-and LDH; Cl, confidence interval; HENC, high-flow nasal cannula; HR, hazard ratio;

PAFI, ratio of Pa0, over FiO,

COVID-19 infection who were treated with
HFNC, 67 of 104 patients (64.4%) did not
require IMV,20 which is similar to the HFNC suc-
cess rate (71.4%) in the present study. Overall,
the present study findings are consistent with
those reported in these previous studies in terms
of HFNC success.*13:18-20 However, direct com-
parisons cannot be made because of differences in
the study design and definitions of HFNC suc-
cess between the studies.

When investigating factors associated with HFNC
failure, the present study found that the CALL
score at admission was a significant predictor of
HFNC failure. In contrast, the Rox index at
1hour (per 1-point increase) and prior treatment
with steroids were significant predictors of HFNC
success. Our findings 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.!?
The results of the RECOVERY trial on corticos-
teroid use in patients hospitalized with COVID-
19 showed that early corticosteroid use (within
<7days of admission) reduced mortality and
ICU admissions in these patients; however, no
significant difference was shown in IMV rates
between early and later corticosteroid use.?!
Similar to the present study, the severity of hypox-
emia and lower oxygen saturation at admission
were reported to be factors associated with HFNC
failure in previous studies.®!8 Other factors,
including C reactive protein level* and male sex,!8
have also been previously associated with HFNC
failure.

There are many potential advantages of HFNC
use, including efficacy, less training needed for
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health-care personnel, and lower cost compared
with IMV. Furthermore, in hospitals with satu-
rated critical care capacities, the early use of
HFNC is likely to have a positive effect. In con-
trast, some of the potential barriers of HFNC use
in low resource settings include the fact that the
training of health-care personnel is needed,
HFNC requires the cooperation of the patient for
adequate use, and, as with IMV, there are limita-
tions in the chain of supply.

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. In
addition, we did not collect data on radiological
implications.

Conclusions

In conclusion, the present study showed that
71.4% of patients with SARS-CoV-2 pneumonia
and hypoxemic respiratory failure did not require
IMYV when treated with HFNC; this reinforces the
benefits of the timely use of HFNC. HFNC led to
improvement in respiratory parameters in many
patients with COVID-19 and might reduce the
length of stay in the hospital and the ICU. CALL
score, the Rox index at 1 hour after starting HFNC,
and the presence/absence of steroid treatment
were identified as predictors of HFNC outcome.
These results should be validated in prospectively
registered, randomized controlled trials.
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