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Abstract
Background:

High-�ow nasal cannula (HFNC) is a recent respiratory support technique used for patients with
hypoxemic respiratory failure; its use usually takes place in critical care wards. During the second wave of
Covid-19, almost 400 000 people were hospitalized in France, and intensive care units were overwhelmed.
For patients who did not meet criteria for admission to an intensive care unit because of their age or their
medical background, we proposed HFNC in non-critical care unit instead of standard oxygen therapy to
improve patient survival and comfort.

Objectives:

To describe characteristics and outcomes of patients infected with SARS-CoV-2 with HFNC in non-critical
care wards between September 2020 and June 2021.

Methods: 

This was a single-center, retrospective cohort study conducted between September and June 2021 in
Clamart Hospital, France. Patients infected with SARS-CoV-2 con�rmed, who were not suitable for
intensive care unit escalation, and who were proposed HFNC because of respiratory failure were
assessed.

Results:

Thirty-one patients with SARS-CoV-2 were included, median age 87.0 years (interquartile range (IQR),
82.0-91.0), 52% men. Nineteen (61%) patients were OMS score 0, i.e. no disability in daily-life activities.
HNFC was started a median of 3 days (IQR, 1-5.5) after hospitalization. Overall, median duration of HNFC
was 6 days (IQR, 4-10). Eleven patients (35.5%) survived and were discharged from hospital.

Conclusions:

Our experience of HFNC for patients with COVID-19 outside of a critical care environment because of their
age and comorbidities is positive allowing survival of 35% of old patients not admitted to an intensive
care unit.

Trial registration:

Not applicable

Background
COVID-19 waves outbreak in France from September 2020 to May 2021 resulted in nearly 373 000
hospitalizations and 62 993 in-hospital deaths (17%). The beds occupancy rate in intensive care unit
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(ICU) exceeded 100% for more than 2 months between March and May 2021 in Paris area.

Overall hospital mortality was lower at the end of the second wave in December 2020 than at the start of
the �rst wave in March 2020 due to improved medical care. However, the probability of death was higher
during the second wave than at the end of the �rst wave. Since mortality outside ICU was signi�cantly
correlated with percentage of ICU occupancy, one hypothesis was that increasing pressure on the
healthcare system prevented hospitals to correctly deal with the increasing demand. However, proportion
of patients that entered ICU was very low among those older than 70 (1).

Due to the high mortality rate in old hospitalized COVID-19 patients who are not suitable for intensive
care unit escalation or invasive ventilation (2), we decided to use high �ow nasal cannula (HFNC) in the
infectious diseases ward. HFNC is a respiratory support, which delivers high �ow, heated and humidi�ed
controlled concentration of oxygen via the nasal route. This technique, usually delivered in ICU, was
developed during the �rst wave for COVID-19 and sometimes proposed into conventional units as an
alternative to invasive mechanical ventilation to postpone ICU admission. We hypothesized that this
technique could be useful for the oldest people to try to increase their survival outside ICU or at least to
improve their comfort during the oxygen support before death.

The aim of this work was to describe our experience with HFNC in old people in a non-critical care unit.

Methods
The study was conducted at the Antoine Beclere University Hospital, located in the South-West of Paris
area, France, a part of the Assistance Publique-Hôpitaux de Paris, which allows the use of routinely
collected data for non-interventional research (https://www.aphp.fr/protection-des-donnees-
personnelles). During the whole epidemic, a decision on �tness for invasive ventilation was taken for
each patient at the time of admission in collaboration with critical care team, after consideration of age
and comorbidities which are associated with high mortality rates and high likelihood of poor outcomes of
intensive care in COVID-19 (1, 2).

Between September 2020 and June 2021, all patients infected with SARS-CoV-2 con�rmed by a positive
reverse transcriptase polymerase-chain-reaction (RT-PCR) from a nasopharyngeal swab, with a severe
acute lung disease leading to respiratory failure, who were not suitable for ICU because of age and
comorbidities were proposed HFNC. Because HFNC need full acceptance of the technique, people with
cognitive disorders were not proposed.

Setting up the machine at initiation was with a gas �ow rate of 60 L/min and a fraction of oxygen (FIO2)
of 1.0 with a nasal cannula suitable size. High-�ow oxygen was continued until it could be switched to
standard oxygen therapy after a progressive decrease in gas �ow rate to 40 L/mn and in FIO2 to 0.4 was
possible with oxygen saturation maintained to more than 95% or until death.
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Demographic and clinical data were retrieved from medical records. Details of SARS-Cov2 infection
(chest computed tomography (CT) scan lesions), medical prescriptions were collected. The frailty level
prior to COVID and hospital admission was assessed using the clinical frailty scale (CFS) which de�nes
nine classes from very �t to terminally ill, patients with a CFS of 1–3 classi�ed as �t, those with a CFS of
4 as vulnerable and a CFS 5 or higher as frail (supplementary Table) (3).

The primary outcome was the survival rate.

Results
From September 2020 to June 2021, 333 patients with COVID-19 were admitted to the Infectious Disease
unit and 31 (9%) older than 70 were eligible for HFNC outside ICU. Clinical details and outcomes are
shown in Table.

Median age was 88 (IQR, 82–91). Twenty-eight patients (90%) were living in their personal residence
before admission, 9 (29%) were �t, ie. CFS 1–3. Median body mass index was 25 (IQR, 22–29). Arterial
hypertension and chronic cardiovascular diseases (ischemic heart disease, heart failure, atrial �brillation,
pacemaker…) were the most frequent recorded comorbidities. The extent of chest CT-scan lesions was
higher than 25% (major damages) in 13 patients (42%).

All patients were given standard of care with antipyretic therapy, prevention of thrombotic complications
and dexamethasone 6 mg per day for ten days (4). Fifteen (48%) received intravenous infusion of
tocilizumab (antihuman interleukin (IL)-6 receptor antibody) 8 mg per kilogram at the time of severe
increase in their oxygen need, repeated 12 to 24 hours later (5), among whom 6 survived, 9 died.

HNFC was started a median of 3 days (IQR, 1–6) after hospital admission and a median of 3 days (IQR,
1–5) after the initiation of conventional oxygen therapy. At HNFC initiation, median oxygen support
needed was 12L/min (IQR, 8–15), median arterial oxygen saturation 95% (IQR, 93–97%). Sixteen patients
(52%) were subsequently prescribed morphine and midazolam as palliative care, all except one dying
afterwards. Ten patients (32%) survived and were subsequently rapidly discharged from hospital.

Discussion
HFNC is now recommended by French experts group for ICU management of patients infected with SARS-
CoV-2 to reduce the need for invasive mechanical ventilation (6). This technology is useful in non-
hypercapnic hypoxemic pneumonia. It is a simple technique to set up and monitor. The greatest risk of
HFNC might be excess mortality due to delayed intubation in case of insu�cient monitoring, requiring its
use in ICU (7). Because our study population was not eligible for intensive care, HFNC seemed interesting
to try in our non-critical care ward.

Continuous Positive Airway Pressure (CPAP) was previously used in COVID-19 patients in UK hospitals
due to the rapidly increasing number of critically ill patients and intensive care shortage (8). Patients were
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younger than our population (median age 52) and over half of them (14/24 (58%)) did not subsequently
require intubation. Another study which compared CPAP to standard oxygen therapy (including HFNC) for
patients who were not suitable for ICU showed an extremely high mortality in both groups (9). A clinical
trial is still ongoing to identify which respiratory support may be more bene�cial for COVID-19 patients
between three ventilation methods: CPAP, HFNC and standard treatment which involves oxygen delivered
via a normal face mask or tubes in the nose (10).

The main limit of our study is its observational design without randomization between different oxygen
delivery strategies. Few numbers prevent us to make comparison between people who died and people
who survived. A previous study in the same hospital during the �rst wave showed that among 296
hospitalized patients, 30 of them older than 70 (median age 83, IQR 79–86), were treated with
corticosteroids and required oxygen support for at least 9 L/mn, among whom 9 (30%) survived. When
necessary oxygen support was 12 L/mn or more, 6/25 patients (24%) treated with corticosteroids
survived (11). Our patients were older (median age 88, IQR 82–91) than people from this previous study.
Further studies with careful selection of patients using the Clinical Frailty Scale (12) could help to better
identify those who might bene�t from treatment with HFNC.

High-�ow oxygen therapy is also associated with better comfort and oxygenation than standard oxygen
therapy delivered through a facemask, with a reduction in the severity of dyspnea and a decreased
respiratory rate. These �ndings might result from the heating and humidi�cation of inspired gas, which
prevents thick secretions and subsequent atelectasis but also from low levels of PEEP (positive end-
expiratory pressure) generated by a high gas �ow rate and �ushing of upper-airway dead space (7). This
increased comfort might explain why palliative therapeutic were of little need in our study. This element
of comfort is also an important help for the emotional adaptation required for the health care workers as
management of death and its conditions appear as a major and central di�culty, reducing emotional
fatigue, depression, anxiety and stress (13).

Indication for starting HFNC for COVID-19 patients was decided based on clinical experience. At the
beginning of the wave in September 2020, we waited until oxygen standard �ow reached 15 L/min to set
up HFNC. We subsequently tended to propose HFNC at earlier stage when oxygen needs increased rapidly
and/or when respiratory rate remained high (> 25 cycles/mn) despite oxygen support, because we
hypothesized that an earlier initiation could lead to better results before respiratory exhaustion. Indeed, in
the sub-group of patients initiating HFNC as soon as oxygen standard �ow reached 9 L/min, survival rate
increased from 32% (10/31) to 67% (10/15).

Conclusions
Our data suggest that HFNC can be a successful treatment strategy in critically ill old patients with
nonhypercapnic hypoxemic pneumonia due to COVID-19, and that it could be safely used outside the
critical care environment for people not eligible for intensive care. Such oxygen support may be bene�cial
in resource-constrained countries where ventilators and intensive care resources are scarce to better cope
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with the pandemic. Clinical trials are needed to guide clinical recommendations such as optimum timing
of HFNC initiation and selection of patients who would most likely bene�t from it.
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PEEP: Positive end-expiratory pressure
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Table.

Characteristics and outcome at the study population
  Overall

N = 31

Patients who survived

N = 10

Patients who

died

N = 21

Demographic characteristics

Age 88 (82-91) 83 (81-89) 88 (85-91)

Male sex 16 (51.6) 3 (30.0) 13 (61.9)

Body mass index (kg/m2) 25 (22-29) 26 (23-30) 25 (22-27)

Clinical Frailty Scale 5 (3-6) 4 (2-5) 5 (4-6)

Comorbidities      

Hypertension 20 (64.5) 9 (90.0) 11 (52.4)

Diabetes 7 (22.6) 3 (30.0) 4 (19.0)

Heart Disease 16 (51.6) 4 (40.0) 12 (57.1)

Solid cancer 7 (22.6) 3 (30.0) 4 (19.0)

Other 10 (32.2) 4 (40.0) 6 (28.6)

Numbers of comorbidities/patients 2 (1-3) 2 (2-3) 3 (1-3)

Chest CT scan lesions      

None, minimal or moderate (<25%) 16 (51.6) 4 (40.0) 12 (57.1)

Extensive (25-49%) 9 (29.0) 4 (40.0) 5 (23.8)

Serious or critical (>50%) 6 (19.4) 2 (20.0) 4 (19.0)

Characteristics at HFNC initiation      

Time since hospital admission (days) 3 (1-6) 4 (2-5) 2 (1-6)

Saturation on oxygen therapy (%) 95 (93-97) 96 (94-98) 94 (93-97)

Oxygen �ow, L/min-1 12 (8-15) 9 (7-9) 12 (9-15)

Outcomes      

Weaned off HFNC and discharged 10 (32) - -

Duration of HFNC therapy, days 6 (4-10) 10 (7-12) 5 (4-7)

Hospitalisation duration, days 13 (8-22) 22 (17-24) 9 (5-13)
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Data are presented as medians (IQR) or n (%)

IQR, Interquartile range; CT, computed tomography; HFNC, High �ow nasal cannula oxygen.
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