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Abstract

Background: in COVID-19 patients, older age (sixty or older), comorbidities, and frailty are associated
with a higher risk for mortality and invasive mechanical ventilation (IMV) failure. It therefore seems
appropriate to suggest limitations of care to older and vulnerable patients with severe COVID-19
pneumonia and a poor expected outcome, who would not benefit from invasive treatment. HFNO (high
flow nasal oxygen) is a non-invasive respiratory support device already used in de novo acute
respiratory failure. The main objective of this study was to evaluate the survival of patients treated with
HFNO outside the ICU (intensive care unit) for a severe COVID-19 pneumonia, otherwise presenting
limitations of care making them non-eligible for IMV. Secondary objectives were the description of our
cohort and the identification of prognostic factors for HFNO failure.

Methods: we conducted a retrospective cohort study. We included all patients with limitations of care
making them non-eligible for IMV and treated with HFNO for a severe COVID-19 pneumonia,
hospitalized in a COVID-19 unit of the pulmonology department of Lyon Sud University Hospital,
France, from March 2020 to March 2021. Primary outcome was the description of the vital status at
day-30 after HFNO initiation, using the WHO (World Health Organization) 7-points ordinal scale.

Results: fifty-six patients were included. Median age was 83 years [76.3-87.0], mean duration for
HFNO was 7.5 days, 53% had a CFS score (Clinical Frailty Scale) >4. At day-30, 73% of patients
were deceased, one patient (2%) was undergoing HFNO, 9% of patients were discharged from
hospital. HFNO failure occurred in 66% of patients. Clinical signs of respiratory failure before HFNO
initiation (respiratory rate >30/min, retractions, and abdominal paradoxical breathing pattern) were
associated with mortality (p=.001).

Conclusions: we suggest that HFNO is an option in non-ICU skilled units for older and frail patients
with a severe COVID-19 pneumonia, otherwise non-suitable for intensive care and mechanical
ventilation. Observation of clinical signs of respiratory failure before HFNO initiation was associated
with mortality.
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1. Background

Cases of COVID-19 were first reported in late-December 2019 in Wuhan, China [1]. SARS-CoV-2
virus, the pathogen responsible for the COVID-19 infection spread globally to generate a pandemic in
2020 [2]. Most of COVID-19 patients develop mild symptoms or are asymptomatic [3], while 20% have
a severe disease [4—6] which manifestations include respiratory failure, ARDS (acute respiratory
distress syndrome), sepsis and septic shock, thromboembolism, and/or multiple organ failure [7].
Admission in intensive care units (ICUs) concerns 21% of COVID-19 inpatients [8] with mean lengths
of stay from 8 to 19 days [8,9]. In COVID-19 patients treated with invasive ventilation, mortality ranges
from 35.7% to 43% [8,10,11].

Since 2020, the SARS-CoV-2 infection has emerged as a global health crisis and led to an
overwhelming of ICUs. Data from the firsts COVID-19 waves permitted to determine risk factors for
poor outcomes in COVID-19, and to identify patients who benefit least from ICU and invasive
treatments. As such, clinical frailty, an older age (sixty or older) and cardiovascular comorbidities,
arterial hypertension, chronic kidney diseases and obesity are associated with a higher risk of in-
hospital and ICU mortality, and invasive mechanical ventilation failure in severe COVID-19 [12-14].
Interestingly, admission of frail COVID-19 patients in ICU seemed to be lower in later COVID-19
waves than if the first wave [15]. Moreover, COVID-19 survivors tend to suffer limitations in daily living,
reduced quality of life and persistent symptoms, especially those who have undergone critical care
[16]. Therefore, it seems appropriate to discuss limitations of care with those patients and consider a
less invasive management.

High Flow Nasal Oxygen (HFNO) is a validated, non-invasive respiratory support to manage
hypoxemia in de novo acute respiratory failure (ARF) [17,18]. Compared with standard oxygen therapy
(SO), the main advantage of HFNO is the ability to deliver a high and precise FiO2 (fraction of inspired
dioxygen) [19]. Its nasal interface and the capacity to deliver heated and humidified gases make it a
very well-tolerated respiratory support, as compared to SO and NIV (hon-invasive ventilation). HFNO
devices commonly used can generate up to 60 L/min oxygen (pure or mixed with room air), with
interesting physiological implications, such as washout of nasopharyngeal dead space [20] or a
possible PEEP-effect (positive end-expiratory pressure) [21].

In other indication than COVID-19, HFNO is recomimiended as a first-intention treatment in de novo
ARF [18]. Previous data suggest a possible superiority versus SO, essentially on preventing invasive
mechanical ventilation [22—24] but the level of evidence remains low. On the wards, HFNO is already
commonly used in several indications [25], sometimes in a context of palliative care [26].

In this context of health care crisis, some authors recommended using HFNO for severe COVID-19 in
medical units [27,28], in selected patients not eligible to be hospitalized in critical care. The efficacy of
HFNO outside of ICU and in these patients have been poorly evaluated. Moreover, predictors of
HFNO efficacy in COVID-19, in this population are mostly unknown. Improving knowledge on the use
of HFNO in this indication could allow a rational allocation of medical resources in this context of
health emergency.

In our center, we decided early to use HFNO in severe COVID-19 pneumonia, in patients with
limitations of care making them non-eligible for IMV and critical care after a multidisciplinary discussion
including critical care physicians.

We aimed to evaluate HFNO in this indication through a monocentric, retrospective cohort. Our main
objective was to evaluate the survival of patients admitted for a severe COVID-19 pneumonia, non-
suitable for ICU and treated with HFNO. Secondary objectives were the description of our cohort and
the identification of prognostic factors for HFNO failure.

2. Methods
2.1. Study design:

This is an observational monocentric cohort. Data were retrospectively collected from electronic
medical records. This study was approved by the Ethical Committee of the HCL (CSE-HCL -
IRB00013204) and is conform to MR004 methodology (Commission Nationale Informatique et Liberté,
21 _5398).

2.2. Population:

We screened for inclusion all patients hospitalized in one of the COVID-19 units of the pulmonology
department of Lyon Sud University Hospital, France, from March 2020 to March 2021.
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According to the WHO guidelines [7], we defined severe COVID-19 pneumonia as the association of
clinical signs of pneumonia (fever, cough, dyspnea) plus one of the following: tachypnea, severe
respiratory distress, or SpO2 <90% on room air.

Inclusion criteria were: (i) patients with severe COVID-19 pneumonia, according to WHO definition, (ii)
requirement of HFNO treatment, and (iii) limitations of care with ineligibility to critical care (especially
invasive ventilation). Other inclusion criteria were (iv) an age of 18 years or older and (v) a proven
SARS-CoV-2 pneumonia (with a positive nose swab RT-PCR). All patients were followed-up to May
10, 2021.

Exclusion criterion was HFNO lasting less than 24 hours (temporary assistance).

2.3. Objectives and outcomes:

The primary outcome was the description of the vital status, thirty days after the initiation of HFNO,
using the WHO 7-points ordinal scale (v3.0, March 3, 2020, Master Protocol). The 7 points are:

1. Not hospitalized, no limitation on activities,

. Not hospitalized, limitation on activities,

. Hospitalized, not requiring supplemental oxygen therapy,

. Hospitalized, requiring supplemental oxygen therapy,

. Hospitalized, on non-invasive ventilation or high flow oxygen devices,
. Hospitalized, on invasive mechanical ventilation or ECMO.

7. Deceased.

OO WN

All patients were categorized “five” at inclusion. Because of the retrospective nature of the study, it
was difficult to differentiate level two from one. Thus, we decided to only use score two to qualify
patients discharged from hospital (corresponding to the least favorable hypothesis).

Secondary objectives were the description of the epidemiological and clinical characteristics of the
cohort including clinical frailty assessed by the CFS (Clinical Frailty Score, supplemental), a
description of the non-respiratory complications of COVID-19 in our patients, a description of their
medication during hospitalization, a description of adherence to HFNO with a distinction between
“good” (no cannula removal by patient), “moderate” (cannula removal by patient with no
desaturation/other complication), “poor” (cannula removal by patient with desaturation/other
complication) and “non-adherent” (refusal of HFNO). We also aimed to determine predictive factors for
mortality, both in-hospital and at day-30 and day-90 from HFNO initiation.

In our study, we considered as clinical signs of respiratory failure the following: respiratory rate
>30/min, retractions, and abdominal paradoxical breathing pattern. HFNO failure was defined within
the week after HFNO initiation as the persistence or occurrence of signs of respiratory failure (see
above) and/or low SpO2 <90% despite maximum treatment (flow 60 L/min and FiO2 100%).

2.4. COVID-19 units:

Our COVID-19 units were organized as medical wards with frequent paramedical surveillance (vital
signs monitoring once every four hours). The patient/caregiver ratio was five patients per paramedic.
Patients had a continuous and centralized monitoring of pulse oximetry with telemetry. They were
hospitalized in separate rooms, and isolated with containment procedures. In these units, we had the
possibility to use HFNO, SO, NIV or CPAP. We admitted COVID-19 patients not severe enough for
ICU (admission before a possible transfer in ICU (step-up)), or not eligible for ICU because of
limitations of care, or discharged from ICU after stabilization of their condition (step-down).

2.5. High flow nasal oxygen:

The HFNO device used was AIRVO™2 (Fisher & Paykel Healthcare, Auckland, New Zealand). Criteria
for initiation and weaning, as the modification of the parameters of the HFNO during the hospitalization
were left to the discretion of the physician.

2.6. ROX index:

The ROX index is a prognostic index evaluating the short-term probability of HFNO failure, and thus
the need for intubation [29]. It was recently suggested in hypoxemic ARF management in a
prospective multicenter study [30]. The main objective of this index is to avoid intubation delay in
patients treated with HFNO for an ARF, which is associated with an increased mortality [31]. The ROX
index is calculated by the following formula ROX = (SpO2/FiO2) / RR (SpO2 is oxygen pulse
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saturation; and RR is respiratory rate). It is validated in the 24 hours following HFNO initiation and it is
suggestive of HFNO success when greater than or equal to 4.88. In our study, the ROX index was
calculated retrospectively, in the first 24 hours after HFNO initiation (D0), at day one (D1), three (D3)
and five (D5) after the initiation of HFNO.

2.7. Level of care assessment scale (LCAS):

During the pandemic, the Lyon University Hospitals spread the use of a level of care assessment
scale (LCAS). Initially developed by our team to determine the level of care assigned to a patient, it
was already validated by the Ethical Committee of Lyon University Hospitals. LCAS is only used in
medical and surgical departments of the Lyon University Hospitals. This four-level scale is a medical
prescription. For each hospitalized patient, the level of care was determined at admission after ethical
discussion with the patient, his family, and the medical staff (including ICU physicians if needed). It
was reassessed every day and could be adjusted.

The four LCAS levels are:

1. No treatment limitations, especially no limitations to invasive mechanical ventilation or
cardiopulmonary resuscitation.

2. mission in ICU possible but limitations to invasive mechanical ventilation and on cardiopulmonary
resuscitation.

3. No admission in ICU but maximal care in intermediate/conventional units.

4. Exclusive palliative care, focused on the patient’s well-being.

2.8. Statistics:

Continuous variables are expressed as mean (z standard deviation), or median (and interquartile
range IQR) if not normally distributed (tested with Kolmogorov-Smirnov test). Means were compared
using Student’s “t” test. Medians were compared by Mann-Whitney test as appropriate. Categorical
variables were compared by the Chi-squared or the Fisher Test as appropriate. Survival data were
represented by the Kaplan Meier method and were compared by the Log-Rank test. The univariate
analysis used regression techniques: binary linear regression (“enter” method) and Cox regression for
survival times. All tests were two-sided:. Missing variables are presented as such. To consider the
inflation of the alpha risk in the event of multiple tests, we applied a Bonferroni correction (N=15
independent tests). With 15 independent tests performed, the threshold to consider is 0.0033.

3. Results

A total of 610 patients were admitted to the COVID-19 unit of the pulmonology department at Lyon
Sud University Hospital, France, between March 2020 and March 2021. Among them, 554 patients
were not analyzed. A total of 56 patients hospitalized from March 23, 2020, to February 8, 2021, were
included in the cohort (figure 1).

3.1. Characteristics at inclusion.

The median age was 83.0 years [76.3-87.0] (table 1), with age ranging from 60 to 95 years old. The
mean Body Mass Index (BMI) was 27.1 kg/m” (£ 5.3). The most frequently reported comorbidities
were arterial hypertension (75%), chronic heart failure (50%), chronic obstructive lung disease and
cancer (29% each). Twenty-nine patients (52%) presented with a CFS greater than 4 at admission and
13% were institutionalized. Polypharmacy, defined by a daily prescription of 5 drugs or more, occurred
in 79% of patients.

Regarding COVID-19 (table S1), the mean time from first symptoms to admission was 5.4 days (+
4.1).

Six patients were admitted to the COVID-19 unit under HFNO; in the 50 other patients, median SO
flow rate was 5 L/min [2.75-10]. Thirty-two patients underwent a CT-scan during the stay. Among
them, 15 patients (46.9%) showed an interstitial pattern at CT-scan. Bacterial co-infection was
demonstrated in 17.9% of patients, and all patients received at least one antibiotic during their
hospitalization (>24 hours of treatment). Fifty-five patients (98.2%) received corticosteroids during the
stay. The median daily dose of corticosteroids was 40 mg prednisone equivalent [40-50]. The median
duration of corticosteroid treatment was 9.0 days [6.0-12.8].
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Concerning HFNO settings at initiation, the median flow rate was 48 L/min [40-50] and the median
FiO2 was 0.75 [0.5-1]. Mean duration for HFNO was 7.5 days (z 9.5). During the stay, HFNO failure
occurred in 37 patients (66%). Adherence to HNFO was considered good for 44 patients (78.6%),
moderate for 11 patients (19.6%) and poor for one patient (1.8%). No patient was considered non-
adherent to HFNO. A total of 13 patients (23.2%) presented with a non-respiratory COVID-19
complication (table S2), with 7 patients (12.5%) undergoing confusion.

3.2. Thirty days survival (primary outcome) and three months survival:

At day-30 from the beginning of HFNO, 41 patients were dead (73%), one patient was still under
HFENO (2%), two patients (4%) were receiving SO and seven (13%) were hospitalized without oxygen
therapy. Five patients (9%) were discharged from hospital (figure 2). According to CFS, 90%, 83%
and 86% of patients with CFS 5, 6 and 7 on admission respectively were dead at day-30 (table S3).

At day-90, 43 patients (77%) were dead, one patient (2%) was hospitalized without oxygen therapy,
and twelve patients (21%) were discharged.

3.3. Prognostic factors:

Univariate risk factors associated with day-30 and day-90 mortality are presented in table 2 and table
3, respectively. Observation of signs of respiratory failure before HFNO initiation was associated with
day-30 mortality (p=0.003), whereas ROX index <4.88 at DO and a CFS between 5 and 7 (mildly to
severely frail) were not (p=0.44 and 0.018 respectively). Other variables, including those associated
with the severity of the COVID-19 infection, were not associated with mortality.

We evaluated in-hospital mortality in time-dependent univariate analysis (figure 3). We found a
significant association with ROX index: median survival of patients with a ROX index at DO <4.88 was
4.50 days [2.11-6.89], as compared to 12.58 days [9.34-15.83] for those with an index 24.88
(p=0.002). The median survival of patients with signs of respiratory failure before HFNO initiation was
5.46 days [3.03-7.88] versus 16.50 days [7.67-25.33] for those without such signs (p <10™).
Concerning frailty, no significant association was found. Patients assessed with a CFS <4 at
admission had a median survival of 12.58 days [4.27-20.89], as compared to 7.17 days [3.63-10.70]
for a higher score (p=0.031).

4. Discussion

In this publication, we describe the clinical course of a cohort of patients with limitations of care treated
with HFNO outside the ICU for a severe COVID-19 pneumonia.

This is a retrospective and monocentric observational study including 56 patients aged sixty or older,
with frailty. Fifteen patients (27%) were alive at day-30, and thirteen patients (23%) were still alive at
day-90. Interestingly, the evolutional pattern seems defined from day-14.

Observation of clinical signs of respiratory failure before HFNO initiation was the only factor showing a
significant association with day-30 mortality, with 95% mortality in univariate analysis. There was an
increased risk of in-hospital mortality in patients with a ROX index lower than 4.88 at DO or showing
signs of respiratory failure before HFNO initiation. There was a tendency for a worse outcome in frailer
patients (admission CFS >4), without significant results. Our data highlight the importance of clinical
and pragmatic criteria for the selection of patients who will benefit more of HFNO among frail COVID-
19 patients.

Consistent with previous publications [32,33], we found a possible association between clinical frailty
attested by the CFS score and mortality in patients treated with HFNO. The absence of statistical
significance in our cohort might be related to our small sample size. An association between CFS
score and mortality [34] or a greater length of stay [35] has already been suggested in previous
publications. In an international prospective study including 1133 hospitalized patients, 72% of
patients screened as frail were either dead or dependent on hospital care at 30 days [36]. Additionally,
Hewitt and colleagues [32] suggested that frailty was a good predictor of COVID-19 outcomes. In their
multicentric observational study conducted on 1564 patients hospitalized during the first wave of
COVID-19, death and day-7 mortality were better predicted by the CFS score on admission than by
age or comorbidity.
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In our study, the presence of clinical signs of respiratory failure before initiating HFNO was associated
with a higher risk of in-hospital and day-30 mortality. As mentioned in previous publications, the
absence of dyspnea despite severe hypoxemia was a remarkable feature of COVID-19 pneumonia.
This phenomenon is called “silent” or “happy hypoxia” [37], and contrasts with more usual presentation
of ALI. In a cohort of 67 hypoxemic COVID-19 patients hospitalized in ICU, only 18.7% presented
dyspnea on admission [38]. Various pathophysiological hypotheses have been reported, including
direct or indirect viral damage to the mechanoreceptors and chemoreceptors regulating ventilation
[39], or a COVID-19 associated encephalopathy with damage to the central respiratory drive [37].
According to some authors, the initial absence of dyspnea is to be considered as a loss of an alarm
signal, which can be followed by a rapid clinical worsening [40]. We observed an increase in mortality
in patients presenting with signs of respiratory failure before initiating HFNO. This may reflect the
depletion of respiratory reserve capacities in patients with advanced ventilatory impairment and/or
occurrence of a medical complication. The limit of this assertion is the link between dyspnea, which is
a subjective impression, with respiratory failure, which corresponds to the clinical manifestation of
disturbed respiratory mechanic.

Finally, the adherence to HFNO in our cohort is excellent, with 78.6% of patients compliant to the
treatment. Only one patient expressed a poor adherence with removal of cannulas leading to a
desaturation down to 75% SpO2, in a context of delirium. None of our patients refused HFNO. The
excellent adherence to HFNO is often reported [25], especially when compared to SO [26] or to NIV,
as well as in palliative care.

It is important to note that our data show an inverse relationship between mortality and early
rehabilitation during the stay (respiratory and functional physiotherapy, daily walk, active sitting
position). We consider that there is a probable confusion bias insofar as the patients in whom this
early rehabilitation is possible are most likely to be in a better clinical condition. Nevertheless, we
emphasize early rehabilitation in our management of patients with respiratory failure, whether they
have COVID-19 or not, because its impact on the survival and functional status of patients is clearly
established [41].

In the current literature, age [11,13,42], comorbidities such as cardiovascular diseases, arterial
hypertension, chronic kidney diseases, obesity [4,6,43], and clinical frailty are risk factors for death
from COVID-19 and for invasive mechanical ventilation failure [14,44]. Therefore, and in a context of
COVID-19 associated ARF, it is legitimate to suggest HFNO to this vulnerable population, for whom a
more invasive intervention does not seem to modify the overall survival.

In our study, HFNO failure occurred in 66% of patients. Several clinical trials reported data on HFNO
efficacy in ICU for severe COVID-19. In those publications, patients were younger and less frail than in
our cohort.

An ltalian study [45] randomized 109 ICU patients to receive either 48 hours NIV then HFNO or CPAP
or HFNO alone for a severe COVID-19. Failure, defined as the need for endotracheal intubation,
occurred in 51% of patients of the HFNO group, with a median time of 21 hours between enroliment
and intubation. These results are close to our findings. In a multicentric study [46], 1273 ICU patients
with severe COVID-19 were randomized to receive either CPAP or HFNO versus SO. Respiratory
support failure, defined as the composite outcome intubation or mortality within 30 days, occurred in
44% of the HFNO group. Failure was significantly lower in the CPAP group (36%) as compared to the
SO group (44%), but not in HFNO versus SO. Interestingly, the decrease in the incidence of the
outcome with CPAP was attributable to a decrease in the need for invasive ventilation, but neither
HFNO nor CPAP reduced mortality as compared to SO. Moreover, CPAP was associated with an
increase in adverse events.

In a multicentric prospective cohort study of the COVID-ICU group [47], HFNO failure (defined as
either intubation or death in ICU) occurred in 48% of patients receiving HFNO for a severe COVID-19.
HFNO was also associated with a 40% reduction in oxygenation failure versus SO. In the cohort, 10%
of HFNO patients had a do not intubate (DNI) order.

The SOHO trial [48] is a multicenter trial randomizing HFNO versus SO in critically ill patients with
respiratory failure due to COVID-19. Patients with DNI order were excluded. There was no statistical
difference on mortality rate at day-28, which was the primary endpoint (10% in HFNO and 11% in SO).
In secondary outcomes, the intubation rate by day-28 was 45% in the high-flow group and 53% in the
standard oxygen group (p=.04).

No prospective clinical trial evaluated HFNO efficacy in frail COVID-19 patients, only retrospective
studies. In a Dutch retrospective cohort study including 32 older frail patients treated with HFNO in the
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wards for a severe COVID-19 (median age 79.0 years), the survival rate was 25% at hospital
discharge [49]. Interestingly, a retrospective study described the clinical course of a cohort of 537
COVID-19 patients treated with CPAP (continuous positive airway pressure) outside ICU for a
hypoxemic ARF [50]. Results were quite similar. Among the 537 patients, 26% had a DNI order. In the
DNI subgroup, 60-day in-hospital mortality was 73%, with a median duration of CPAP of 4 days [1-8].
However, there were no data on adherence to CPAP.

Concerning the identification of prognostic factors to estimate the probability of HFNO failure, there is
a major interest in patients with no limitation to invasive mechanical ventilation, for whom the
postponement of intubation leads to an increased mortality [31]. In COVID-19 patients, several
prognostic factors have been identified, such as the presence of comorbidities, dyspnea on admission
or the ROX index [51,52]. Our results are consistent with previous findings.

In a population of patients hospitalized for a severe COVID-19, with limitations of care making them
ineligible for ICU, the clinical implication of an early and reliable evaluation of the probability of HFNO
failure would rather be to determine which subgroup of patients would benefit from a more
interventionist strategy. In our study, we looked for the presence of clinical signs of respiratory failure
(that we defined by observation of respiratory rate >30/min, retractions, and/or abdominal paradoxical
breathing pattern). Our data suggest that patients presenting those signs before HFNO initiation have
an increased risk of mortality (both in-hospital and day-30 mortality). This subgroup of patients would
probably not benefit from HFNO but could be offered early comfort or palliative care.

Regarding the use of antibiotics or corticosteroids, the decision was made for each patient by the
medical team in charge. For corticosteroids, our patients received a median daily dose of 40 mg
prednisone equivalent for a median duration of 9.0 days. The use of corticosteroid treatments in our
first-wave patients was pragmatic ; management of steroids in our COVID-19 patients was then in
accordance with the findings of the RECOVERY trial [53].

The limitations of our study are its retrospective nature, the lack of power inherent in the number of
patients included, and its monocentric nature, which constrains the extrapolation of our data to other
centers. In addition, the absence of randomization with a control arm does not allow a comparison of
HFNO with another respiratory support method. We decided to perform univariate analysis because
evaluation of prognostic factors was exploratory. Moreover, due to the small sample size, we would
have risked not having enough events for multivariate analysis. Confirmation of our findings would
require a dedicated study, with multivariate analysis taking confusing factors into account. Finally, the
lack of data on the exact functional status of COVID-19 survivors after discharge from our units makes
it difficult to extrapolate on the level of functioning of outpatients, especially their degree of autonomy
at home.

Our study has several strengths. Firstly, the primary endpoint is robust and pragmatic, recommended
by the WHO for this type of study. To our knowledge, this is the first cohort of this scale to describe the
evolution of severe COVID-19 patients with frailty treated with HFNO outside the ICU because of
limitations of care making them non-eligible for IMV. The use of the Bonferroni correction considers
the alpha risk inflation associated with multiple testing.

5. Conclusions

We suggest that HFNO is an option in non-ICU skilled units for older and frail patients with a severe
COVID-19 pneumonia, otherwise non-suitable for intensive care and mechanical ventilation. In our
cohort, the observation of clinical signs of respiratory failure (respiratory rate >30/min, retractions, and
abdominal paradoxical breathing pattern) was associated with an increased mortality and patients
showing such manifestations would probably not benefit from HFNO.
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Tables and figures

Figure 1: flow chart.

LSUH: Lyon Sud University Hospital; HFNO: high flow nasal oxygen; IMV: invasive mechanical ventilation.
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Figure 2: changes in vital status over time (WHO 7-points ordinal scale).
DX: day-X; HENO: high flow nasal oxygen.

Caption:

BEb. Not hospitalized, limitations on activities.

k. Hospitalized, not requiring supplemental oxygen therapy.
O Hospitalized, requiring supplemental oxygen therapy.
Os. Hospitalized, on non-invasive ventilation or HFNO.

. Deceased.

14



Journal Pre-proof

Figure 3: in-hospital cumulative survival.

A: depending on the value of ROX index at DO, compared to threshold (4.88); B: depending on the presence of a
CFS score low (2-4) or high (5-7) at admission; C: depending on the presence or absence of signs of respiratory
failure before HFNO introduction.

ROX index is calculated by (SpO2/FiO2) / RR (SpO2 is oxygen pulse saturation, FiO2 is fraction of inspired
dioxygen, and RR is respiratory rate); HR: hazard ratio; HFNO: high flow nasal oxygen; CFS: clinical frailty scale;
clinical signs of respiratory failure include respiratory rate > 30/min, retractions, and abdominal paradoxical
breathing pattern.

A:

—=ROX D0 = 4.88

=—ROX DO < 4.88

HR = 0.43 (0.23-0.81); p=0.009

B:

e CFS 5-7

—CFS 2-4

HR = 0.54 (0.29-1.03); p=0.062

C:

==Clinical signs of respiratory failure before HFNO introduction

===NO clinical signs of respiratory failure before HFNO introduction

HR = 0.31 (0.16-0.60); p=0.001
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Table 1: patients characteristics at admission.

Variable Modality N =56
Sex Female 24 (43%)
Male 32 (57%)
Age (years) Median (IQR) 83'&%?'3'
Weight (kg) Mean (SD) 73.7 (15.2)
BMI (kg/m?) Mean (SD) 27.1 (5.3)
Underweight (<22) 10 (18%)
Normal (22-24.9) 8 (14%)
Overweight (25-29.9) 22 (39%)
Obesity (>30) 13 (23%)
Missing 3 (5%)
Smoking status Non-smoker 28 (50%)
Former smoker 20 (36%)
Active smoker 5 (9%)
Missing 3 (5%)
Comorbidities Hypertension 42 (75%)
Cardiac arrhythmia 20 (36%)
Chronic heart failure 28 (50%)
Coronaropathy 9 (16%)
Cardiac valve disease 7 (13%)
OoLD 16 (29%)
OSA 4 (7%)
Active cancer 16 (29%)
Diabetes (w/ complications) 10 (18%)
Immunaosuppression 7 (13%)
Severe CKD 3 (5%)
NCD (excluding dementia) 9 (16%)
Dementia 12 (21%)
Treatments ACE inhibitors 17 (30%)
ARB 14 (25%)
Number of daily 1-4 9 (16%)
treatments 5-10 26 (46%)
11-20 18 (32%)
Missing 3 (5%)
CFES at admission 2 2 (4%)
3 11 (20%)
4 13 (23%)
5 10 (18%)
6 12 (21%)
7 7 (13%)
Missing 1 (2%)
Living conditions Institutionalized 7 (13%)
Alone 21 (38%)
Accompanied 26 (46%)
Missing 2 (4%)
LCAS at 2 21 (37%)
admission 3 35 (63%)

IQR: interquartile range; SD: standard deviation; BMI: body mass
index; OLD: obstructive lung disease; OSA: obstructive sleep
apnea; w/: with; CKD: chronic kidney diseases; NCD: neurological
chronic diseases; ACE: angiotensin-converting enzyme; ARB:
angiotensin receptor blockers; CFS: Clinical Frailty Scale; LCAS:
level of care assessment scale.
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Table 2: factors associated with 30-day mortality (univariate analysis).

Alive Dead Total p value
Female 7 (47%) 17 (41%) 24 (43%)
Sex Male 8 (53%) 24 (59%) 32 (57%) 0.728
Underweight (<22) 0 (0%) 10 (26.3%) 10 (17.9%)
2 Normal (22-24.9) 2 (13.3%) 6 (15.8%) 8 (14.3%)
BMI (kg/m") Overweight (25-29.9) 7(46.6%)  15(39.5%) 22 (39.3%) NC
Obesity (>30) 6 (40%) 7 (18.4%) 13 (23.2%)
. Yes 1 (6.7%) 13 (31.7%) 14 (25%)
Hypertension No 14 (933%)  28(68.3%) 42 (75%) | 002t
No 0 (0%) 1 (5%) 1 (3.1%)
Mild (0-33%) 2 (16.7%) 2 (10%) 4 (12.5%)
Lung damage (GGO) Moderate (33-66%) 8 (66.7%) 7 (35%) 15 46.9%) | N©
Major (66-100%) 2 (16.7%) 10 (50%) 12 (37.5%)
No 3 (25%) 5 (25%) 8 (25%)
Lung damage Mild (0-33%) 6 (50%) 4 (20%) 10 (31.3%) NG
(consolidation) Moderate (33-66%) 3 (25%) 8 (40%) 11 (34.4%)
Major (66-100%) 0 (0%) 3 (15%) 3 (9.4%)
. N No 6 (54.5%) 10 (50%) 16 (51.6%)
tﬁggg‘las';‘age (interstitial Mild (0-33%) 5 (45.5%) 7 (35%) 12(387%) | NC
Moderate (33-66%) 0 (0%) 3 (15%) 3 (9.7%)
ROX DO <4.88 3 (21.4%) 21 (52.5%) 24 (44.4%)
ROX DO (threshold)} ROX DO >4.88 11(78.6%) 10 (475%) 30 (55.6%) | O-°*
Clinical signs of No 14 (93.3%) 19 (50%) 33 (62.3%)
respiratory failure before 0.003
HENO initiation§ Yes 1 (6.7%) 19 (50%) 20 (37.7%)
Number of daily <10 11 (73.3%) 22 (57.9%) 33(623%) | (06
treatments (2 categories) 10 and more 4 (26.7%) 16 (42.1%) 20 (37.7%) )
CFS at admission Well — vulnerable (2-4) 11 (73.3%) 15 (37.5%) 26 (47.3%) 0.018
(2 categories) Mildly frail — severely frail (5-7) 4 (26.7%) 25 (62.5%) 29 (52.7%) )
o No 1 (0.1%) 36 (0.9%) 37 (66.1%)
Early rehabilitationq Ves 14 (0.9%) 5 (0.1%) 19 (33.9%) <0.0001

1 Fisher test; 3 ROX index after HFNO:initiation (DO), compared to threshold (4.88); § include respiratory rate >30/min
and/or retractions and/or abdominal paradoxical breathing pattern; T includes respiratory and functional physiotherapy,
daily walk, active sitting position; BMI: body mass index; NC: not calculable; GGO: ground-glass opacities; HFNO: high
flow nasal oxygen therapy; CFS: clinical frailty scale.
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Table 3: factors associated with day-90 mortality (univariate analysis).

Alive Dead Total p value
CFS at admission Well — vulnerable (2-4) 9 (69.2%) 17 (40.5%) 26 (47.3%) 0.07
(2 categories) Mildly frail — severely frail (5-7) 4 (30.8%) 25 (59.5%) 29 (52.7%) '
ROX DO <4.88 3 (25%) 21 (50.0%) 24 (44.4%)
ROX DO (threshol .

OX DO (threshold)t ROX J0 24.88 9 (75%) 21 (50.0%) 30 (55.6%) | °Ot24
Clinical signs of No 12 (92.3%) 21 (52.5%) 33 (62.3%)
respiratory failure before 0.01
HENO initiationt Yes 1 (7.7%) 19 (47.5%) 20 (37.7%)

. No 0 (0%) 37 (0.9%) 37 (66.1%)
Earl habil <0. 1
arly rehabilitations Yes 13 (100%) 6 (0.1%) 19 (33.9%) | <0000

T ROX index after HFNO initiation (D0), compared to threshold (4.88); £ include respiratory rate >
30/min and/or retractions and/or abdominal paradoxical breathing pattern; § includes respiratory
and functional physiotherapy, daily walk, active sitting position; CFS: clinical frailty scale; HFNO:
high flow oxygen.
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Color should be used for figure 2 and figure 3.

Screened for inclusion N = 610

Patients hospitalized in a COVID-19 unit of
LSUH, from March 2020 to March 2021

Not analysed N = 554

- No HFNO during hospitalization N = 410

“| - Not limited on IMV N = 141

- Limited on IMV but underwent intubation N =1
- HFNO < 24 hours (total) N =2

Y

Included N = 56

Fig. 1
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