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1 | INTRODUCTION

During the coronavirus disease 2019 (COVID-19) pandemic, oxygen
support management for critically ill patients with acute hypoxemic
respiratory failure (AHRF) was a key component of clinical decision-
making.! There is a lack of knowledge regarding the use of high-flow
nasal cannula (HFNC) in COVID-19 patients with AHRF. Most hospi-
tals adopted an early-intubation strategy leading to a high intubation
rate and the demand for intensive care unit (ICU)-beds overwhelmed
hospital resources. With a low ICU bed-to-population ratio in our
area, we adopted a large high-flow nasal cannula (HFNC) therapy use
in COVID-19 patient-related AHRF. Here, we assessed, retrospec-
tively, the benefit of HFNC use in this population.

2 | METHODS

Forty-two COVID-19-confirmed patients with AHRF treated with at
least 2 hours of HFNC in first line were included in the study between
March 1 and May 23, 2020 (Figure 1). The study was declared at
European Regulation  (ldentifier
RMR004-25052020). Inclusion criteria were laboratory-confirmed
COVID-19 patients over 18 years of age suffering from AHRF treated

General Data Protection

Abbreviations: COVID-19, coronavirus disease 2019; AHRF, acute hypoxemic respiratory
failure; ICU, intensive care unit; HFNC, high-flow nasal cannula; FiO2, fraction of inspired
oxygen; SpO2, peripheral oxygen saturation; IMV, invasive mechanical ventilation.

with HFNC as first-line therapy and admitted to the medical ICU of
the Reims University Hospital. Exclusion criteria were under 18 years
of age, urgent need to intubate (less than 2 hours after HFNC initia-
tion), previous intubation in the same hospital stay, and presence of a
do-not-resuscitate order.

HFNC was initiated with a minimum flow of 50 L/min with a FiO,
of 50%. Then, FiO, was titrated targeting an SpO, above 92%, and flow
rate was adjusted up to 60 L/min or according to the maximum tolerated
dose. HFNC failure was defined as the subsequent need for invasive
mechanical ventilation. Intubation criteria were left at the discretion of
physicians. Respiratory parameters were measured under HFNC condi-
tions. The ROX index was defined as the ratio of SpO,/FiO4(%) to respi-
ratory rate (breaths/min). In patients with AHRF treated with HFNC, a
ROX index higher than 4.88 measured after 12 hours of HFNC was sig-
nificantly associated with a lower risk of intubation.?>

Quantitative parameters were analyzed with nonparametric tests.
Differences in categorical variables were assessed with chi-square. All

tests were two-sided with a 5% significance level.

3 | RESULTS
Results are displayed in Table 1. Twenty-two patients were treated
successfully with HFNC (52%) and twenty patients subsequently
required IMV support (48%).

At ICU admission, patients had a median PaO,/FiO, ratio of
128 [100-176] for HFNC success group and 121.5 [88.5-135.5] for
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97 patients with confirmed COVID-19
admitted in ICU screened for eligibility

6 excluded:
* 1 brain injury

Y

* 1syncope
* 3 hemorrhagic syndrome
* 1 non severe pneumonia

A 4

respiratory failure

91 patients with acute hypoxemic

49 excluded:
* 38 intubation prior to ICU admission

k4

L 4

* 8 with urgent need to intubation
* 2 with decision to not intubate
* 1 with another oxygen support

Flow Nasal Cannula included in study

42 patients receiving at least 2 hours of High-

22 High-Flow
Nasal Cannula
success (52%)

0 died (0%)

Flow chart

FIGURE 1

HFNC failure group (P = .16). Other respiratory parameters studied
were not different at admission.

At nadir, PaO,/FiO, ratio was lower in HFNC failure group
89 [69.5-96] than in the HFNC success group 110 [87.5-127.5]
(P =.010). HFNC success patients were younger, had a lower SOFA
score, less fever, thrombopenia or leukopenia, and a higher ROX index
at H12.

No deaths were reported in the HFNC success group with a
shorter median ICU stay (7 days [4-8] vs 23 days [18-42], P = .0015)
and a greater percentage of hospital discharge at day 28, 16 (73%) vs
1(0.5%; P = .00001) than the HFNC failure group.

In the failure group, the time from ICU admission to intubation
was 24 hours [10-49] and duration of mechanical ventilation was
19.5 days [11.3-27.8]. In this group, patients experienced significantly
more organ dysfunctions (use of vasopressors, kidney, and liver fail-
ures) with a 28-day mortality rate of 30%.

4 | DISCUSSION

The main finding of our study is the high rate of HFNC success (52%)
in a significant cohort of COVID-19 patients with severe AHRF. These
results contrast with the low success rate reported by first published
series such as the study of Wang et al.* However, they did not use

HFENC as first-line therapy, which suggests that it was used for

20 High-Flow
Nasal Cannula
failure (48%)

6 died (30%)

selected patients and could therefore explain the differences of out-
comes reported. Indeed, recent large cohorts of patients treated with
HFNC as first-line therapy corroborated our results with a rate of suc-
cess ranging from 44 to 62%.548

Previous studies have reported that delayed intubation could be
associated with a worse outcome in de novo AHRF patients. Here,
we did not report an excess mortality in the HFNC failure group
(30%), compared to patients requiring early intubation in other
cohorts.” Similarly, Demoule et al. confirmed that HFNC was safe
and could significantly reduce the intubation rate in a large cohort
of 146 COVID-19 patients.® The first use of noninvasive ventilation
has been recently reinforced by Dupuis et al which showed an
increased risk of mortality at day-60 for an early mechanical ventila-
tion strategy.”

Zucman et al. suggest that ROX index could help for predicting
HFNC outcome in this specific population from the very first
hours.'® Here, only the ROX index at H12 was associated with
HFNC success. An explanation could be a different management of
oxygen support in these patients with easier criteria for intubation
use. Moreover, in our study, the first FIO2 reported under HFNC
condition was lower than in the Zucman's study. This could suggest
that patients should be selected as early as possible to benefit from
HFNC which could explain their failure rate of 63% of HFNC. We
also reported a higher ROX index at H2 and Hé than previous
studies in cohorts of non-COVID-19 patients.® This is potentially
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TABLE 1 Patient characteristics on ICU admission, clinical course, and outcomes

Characteristics All patients (N =42) HFNC success (h =22) HFNC failure (h =20) P value®

Baseline
Age, median [IQR], years 67 [59-72.5] 65 [54-70] 69 [64-75] 0.03
Male, sex, n (%) 28 (66) 15 (68) 13 (65) 1
Obesity, BMI230 kg/m?, n (%) 16 (38) 9 (41) 7 (35) 0.76
Sequential organ failure assessment, median [IQR] 3.5 [3-5] 3[3-4] 4 [3-6] 0.02
White blood cell counts, median [IQR], x10°/L 8.0 [6.8-9.3] 9.0[7.6-10.7] 6.9 [6.1-7.8] 0.01
Platelet counts, median [IQR], x107/L 256 [205-318] 313 [246-398] 199 [163-238] 0.002
Chest computed tomography® 52.5 [50-63.75] 55 [50-60] 50.0 [50.0-67.5] 0.51
Percentage of lung damage, median [IQR] (%)
Respiratory measures of patients at ICU admission, median [IQR]
Respiratory rate, per min 24 [19.5-28.5] 23 [18-27] 25[21-30] 0.09
Ratio PaO,/FiO, 125.5 [96-161] 128 [100-176] 121.5[88.5135.5] 0.16
FiO, HENC, % 66 [59-80] 65 [60-80] 67.5[57.5-80] 0.60
Flow HENC, L/min 57.5 [59-80] 60 [50-60] 55 [50-60] 0.80
Respiratory measures of patients at Nadir, median [IQR]
Respiratory rate, per min 32 [28-37] 31 [28-35]] 33.5[28-39] 0.53
Ratio PaO,/FiO, 99.5[78.5-112] 110 [87.5-127.5] 89 [69.5-96] 0.01
FiO,, (%) 86 [80-100] 72.5 [60-100] 100 [100-100] 0.003
Flow HENC, L/min 60 [60-60] 60 [60-60] 60 [60-60] 1
Prediction of HFNC success by ROX index®
ROX index at H2, median [IQR] 6,23 [5,13-7,63] 6,33 [4,98-8,30] 6,12 [5,29-6,91] 0,64
ROX index at H6, median [IQR] 6,78 [4,89-8,56] 7,03 [5,20-9,37] 6,52 [4,57-7,75] 0,18
ROX index at H12, median [IQR] 6.19 [5.20-7.89] 6.82[5.80-9.12] 5.56 [4.60-6.67] 0.04
ROX index >4.88 at H12, n (%)° 28 (78) 20 (91) 8(57) 0.04
ICU clinical course
Time from ICU admission to intubation, median [IQR] hours - - 24 [10-49] -
Use of vasopressors 20 (48) 0 (0) 20 (100) 0.0003
Acute kidney injury® 17 (40) 4 (18) 13 (65) 0.004
Acute liver injury” 7 (17) 1(4) 6 (30) 0.04
Ventilator-associated pneumonia’ - - 7 (35) -
Outcomes
Median length of stay in ICU survivors, median [IQR] days 8 [5-19] 7 [4-8] 23 [18-42] 0.0001
Died at day 28, n (%) 6 (13) 0(0) 6 (30) 0.007
Discharged from hospital at day 28, n (%) 17 (40) 16 (73) 1(0.5) 0.00001

Abbreviations: BMI, body mass index; FiO,, fraction of inspired oxygen; ICU, intensive care unit; IQR, interquartile; HFNC, high-flow nasal cannula; PaO,,
partial pressure of oxygen.

#Nonparametric tests or Fischer exact test comparing HFNC success vs HFNC failure, as appropriate.

PData available for 29/42 patients.

“The ROX index was defined as the ratio of SpO,/FIO,(%) to RR (breaths/min). The ROX index is an early marker to predicting the success or failure
of HFNC.

dMeasures performed on 39 patients.

®Measures performed on 36 patients.

fUse of vasopressors defined as norepinephrine intravenous administration (more than 0.2 pg/kg/min).

8Acute kidney injury stages 2 and 3 according to the 2012 Kidney Disease: Improving Global Outcomes (KDIGO).

PDefined as alanine aminotransferase or aspartate aminotransferase level greater than three times the upper limit of normal.

iDefinition according to IDSA/ATS criteria.
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due to the contrast between the absence of dyspnea and the hyp-
oxemia in some COVID-19 patients, that authors called “happy
hypoxemia.”1%12

Thus, we think that the ROX index could be used early but with
higher thresholds, notably in patients with a normal respiratory rate
but a severe hypoxemia. Larger studies will be necessary to determine
the best cut-off value in this specific population.

Finally, we identified a clinical and biological phenotype of
patients with HFNC success. They are younger, have a lower SOFA
score, less fever, thrombopenia or leukopenia, and a higher ROX index
at H12.

Our study was monocentric with a small sample size, and our
results may not be generalizable to all ICUs. Despite these limitations,
our experience points out to the potential benefits of HFNC as first-
line treatment for COVID-19 patients with AHRF and identifies a suc-

cessful patient profile.

5 | CONCLUSION

In this study, we demonstrate that HFNC is effective to treat COVID-
19 patients with moderate to severe AHRF and identify predictive
factors of HFNC success, including the ROX index at H12. According
to results from recent studies, we think that HFNC should be used to
as early as possible at ICU admission. Randomized studies will be nec-
essary to define the best place of HFNC in the COVID-19 oxygen

management support.
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