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Abstract 

Background High‑flow nasal oxygen (HFNO) is frequently used to treat patients with acute hypoxemic respiratory 
failure (AHRF) due to viral pneumonia, including COVID‑19. However, its clinical effect compared to conventional 
oxygen therapy (COT) remains largely unexplored in patients with a do not intubate (DNI) order. We aimed to assess 
whether HFNO compared to COT is associated with improved clinical outcomes in hospitalized patients with AHRF 
due to COVID‑19 and a DNI order.

Methods This analysis included patients with a DNI order and SARS‑CoV‑2 infection, selected from three observa‑
tional studies, who were treated with COT only or HFNO. The primary endpoint was in‑hospital mortality, the second‑
ary endpoint was hospital length of stay (LOS). The effect of HFNO vs. COT was assessed using multivariable regres‑
sion, accounting for pre‑selected confounders.

Results Between March 2020 and September 2021, 116 patients received HFNO and 110 patients received COT. 
Median age was 78 [72–83], and 78% of the patients had a Clinical Frailty Scale score of 4 to 9. In‑hospital mortal‑
ity was 64% for HFNO and 71% for COT (p = 0.29), with an adjusted odds ratio of 0.72 (95% confidence interval 
[0.34–1.54], p = 0.40). Hospital LOS was 11 [6–18] days for HFNO, and 7 [4–12] days for COT (p < 0.001), with a remaining 
difference after adjusting for confounders (p < 0.01).

Conclusion The lack of survival benefit and increased hospital LOS should be taken into account when considering 
HFNO for patients with a DNI order, suffering from AHRF due to viral pneumonia, like COVID‑19.

Clinical trial registration HFNO‑COVID‑19 study: DTR, NL9067 (Dutch Trial Registry), registration date: 27‑11‑2020.

Keywords Acute hypoxemic respiratory failure, Conventional oxygen therapy, COVID‑19, Do not intubate order, 
High‑flow nasal oxygen

Open Access

© The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/.

Respiratory Research

The members under the Dutch HFNO study group and NORMO2 project 
group are listed in Acknowledgements section.

*Correspondence:
Evert‑Jan Wils
e.wils@franciscus.nl
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12931-025-03231-8&domain=pdf


Page 2 of 10Sjauw et al. Respiratory Research          (2025) 26:161 

Introduction
High-flow nasal oxygen (HFNO) is frequently used 
as ceiling of oxygen treatment for patients with a do 
not intubate (DNI) order who are suffering from acute 
hypoxemic respiratory failure (AHRF) due to viral pneu-
monia, such as caused by SARS-CoV-2 [1–6]. HFNO 
reduces the risk of endotracheal intubation compared 
to conventional oxygen therapy (COT), but does not 
affect mortality rates in patients with AHRF without DNI 
orders [7–11]. Patients with a DNI order are generally 
older, frailer, have more comorbidities and are at higher 
risk of mortality [12]. Evidence on the role of HFNO in 
these patients is limited to small retrospective studies 
lacking a comparator group using COT [1, 3, 5, 6, 13, 14]. 
Given their vulnerability and poor prognosis, identifying 
patients who may benefit from HFNO can guide clini-
cians in considering alternative treatment approaches, 
such as end-of-life or palliative care [15, 16].

This analysis aims to assess whether HFNO treatment 
compared to COT is associated with improved clini-
cal outcomes in hospitalized patients with AHRF due 
to COVID-19 and a DNI order. Furthermore, predic-
tors of in-hospital mortality in the HFNO group were 
determined using available data both prior to and during 
HFNO treatment.

Methods
Study design
This analysis selected patients with a DNI order derived 
from three prospective cohort studies and followed the 
“Strengthening the Reporting of Observational Studies in 
Epidemiology” (STROBE) guidelines [17].

The HFNO-COVID-19 cohort enrolled patients from 
10 hospitals who received HFNO treatment during their 
admission between December 2020 and July 2021 [18]. 
This study was approved by the local Medical Ethics 
Committee (MEC-U number W20.283) and registered 
in the Dutch Trial Registry (DTR, NL9067). The North-
west Hospital group (NWZ) cohort was a single-centre 
study conducted between March 2020 and September 
2021, including patients receiving either HFNO treat-
ment or COT only [19]. This study was approved by 
the institutional research committee of the Northwest 
clinics (number L020 – 115). The University Medical 
Center Groningen (UMCG) cohort was a single-centre 
study and included patients receiving HFNO treatment 
or COT only between March 2020 and October 2021 
[20]. The study was approved by the local Medical Eth-
ics Committee (METc number 2020/573). All studies 
have been carried out in accordance with the Declara-
tion of Helsinki. Written informed consent was waived 
due to the observational nature of the studies. However, 

some participating hospitals obtained written informed 
consent if required by local guidelines of institutional 
research committees.

Study population and setting
Patients were eligible for inclusion if they met the fol-
lowing criteria: (1) age ≥ 18 years, (2) positive SARS-
CoV-2 test, (3) DNI order (no endotracheal intubation) 
at any time point during hospital admission decided at 
the discretion of the treating medical team and/or based 
on patient’s preferences, and (4) treatment with either 
COT only or HFNO as ceiling of oxygen treatment with 
a minimum flow rate of 6 L oxygen per minute (L/min). 
Exclusion criteria were: (1) endotracheal intubation, (2) 
transfer from/to non-participating facilities and/or (3) 
inability to provide informed consent.

Details of local practices during the study period are 
depicted in Supplementary Table  1. All patients started 
COT and/or HFNO on the ward, except for 5 centres 
where HFNO was not available on the ward. The nurse-
to-patient ratio on the ward varied between centres from 
1:3 to 1:4 during day-shifts and from 1:5 to 1:10 during 
night-shifts. Vital signs monitoring was more frequent in 
the first 24  h of therapy and 3 to 6 times daily thereaf-
ter. The HFNO flow rate at initiation was 35–60 L/min, 
maximum flows were 40–60  L/min, HFNO was applied 
continuously and HFNO phasing out started at a flow 
rate between 30 and 40 L/min.

Outcomes, data collection, and preparation
The primary outcome was in-hospital mortality, the sec-
ondary outcome was hospital length of stay (LOS) in 
days, and the tertiary outcome was the cause of death. 
The outcome of prediction was in-hospital mortality in 
patients treated with HFNO.

Data was prospectively collected [18, 19] and supple-
mented with data collected retrospectively specific for 
the current analysis using predefined similar definitions 
(Supplementary Table 2). The Clinical Frailty Scale (CFS) 
score was categorized as fit (CFS 1–3), vulnerable (CFS 
4–5) and frail (CFS 6–9) [21]. Respiratory parameters 
(respiratory rate, oxygen saturation  (SpO2) and details 
regarding the oxygen therapy modality and flow) were 
recorded at multiple time points: just prior to and after 
HFNO initiation (0, 0.5, 1, 2, 6, 12 and 24 h). Fraction of 
inspired oxygen  (FiO2) on COT was estimated using the 
equation:  FiO2 = 21% + oxygen flow rate in L/min × 3 [22], 
and further categorized into: group 1) room air, group 2) 
nasal oxygen 1–6 L/min or air-entrainment mask 10  L/
min, group 3) air-entrainment mask 15  L/min or non-
rebreathing mask 10 L/min and group 4) non-rebreathing 
mask 15 L/min (Supplementary Table 3).
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Statistical analyses
A convenient sample approach was used. Categori-
cal variables were reported as numbers (percentages) 
and continuous variables as medians [25th–75th per-
centile]. Differences between patients on HFNO vs. 
COT, and between survivors and non-survivors among 
HFNO patients, were analysed using the Mann–Whit-
ney U-test for continuous variables and the Chi-
squared test for categorical variables. A p-value of 
<0.05 was considered statistically significant. If <5% of 
the variables were missing, complete case analyses were 
performed. Otherwise, missing data were imputed 10 
times, and results were pooled following the Rubin’s 
rules [23].

HFNO versus COT
To assess the difference of in-hospital mortality between 
HFNO and COT, unadjusted pairwise comparisons and 
multivariable logistic regression analyses were used, with 
odds ratios (OR) presented alongside 95% confidence 
intervals (CI). Relevant confounders for the multivari-
able logistic regression analyses were pre-selected based 
on literature review and clinical expertise (Supplemen-
tary Table 4). The number of confounders was limited by 
the rule of thumb of 10 events per variable. Selected con-
founders were age, CFS score, dexamethasone treatment, 
and respiratory parameters prior to (potential) HFNO 
initiation (respiratory rate,  SpO2, and  FiO2). Because 
of variability in HFNO initiation thresholds [1, 3–6, 13, 
14, 24, 25] and its potential impact on outcomes, two 
approaches were used to select respiratory confounders 
closest to when patients receiving COT would have initi-
ated HFNO treatment. In the “early” approach, variables 
were selected when patients required ≥6 L/min of COT, 
and in the “maximum” approach, they were selected at 
the maximum level of COT.

Time from the (potential selected) initiation of HFNO 
until in-hospital mortality up to 28 days was evaluated 
using the Kaplan–Meier method, and tested with the 
log-rank test.

Hospital LOS was logarithmically transformed 
because of its non-normal distribution. Multivariable 
linear regression analysis was used, adjusting for pre-
vious selected confounders focusing on hospital admis-
sion. Estimates are presented with 95% CI.

Potential predictors for in‑hospital mortality in the HFNO 
group
To determine predictors of in-hospital mortality in 
patients treated with HFNO, measurements at two rel-
evant timeframes were selected: prior to HFNO initia-
tion and after HFNO initiation.

For the prediction using measurements prior to 
HFNO initiation, we first assessed the differences 
through unadjusted pairwise comparisons of baseline 
characteristics and respiratory parameters. Secondly, 
we assessed the independent association of predefined 
variables (respiratory rate,  SpO2,  FiO2, all measured 
prior to HFNO initiation) using multivariable logistic 
regression analyses. The discriminative performance of 
this multivariable model was evaluated using the Area 
Under the Receiver Operating Characteristic curve 
(AUROC), presented with 95% CI. AUC’s from univari-
able analyses for the  SpO2/FiO2 (S/F) ratio and ROX 
index (S/F ratio divided by respiratory rate)[26] were 
added.

To determine predictors measured during HFNO treat-
ment, similar analyses strategies were performed using 
measurements at different time points within the first 
24  h after HFNO initiation. The course of respiratory 
rate, oxygen saturation, S/F ratio, and ROX index over 
time between survivors and non-survivors were dis-
played via boxplots.

All analyses were performed using R (version 4.2.1). 
We used R package “survival” to plot the Kaplan–Meier 
curve, “MICE” for multiple imputation and pooling the 
imputed datasets afterwards, “psfmi” for the estimation 
of the multivariable models to predict in-hospital mortal-
ity and “pROC” to evaluate discriminative performances 
of the models.

Results
HFNO versus COT
To assess the effect of HFNO compared to COT on in-
hospital mortality, 218 out of 226 available patients 
(HFNO n = 110, COT n = 108) were selected (Fig. 1).

Patient characteristics are presented in Table  1 (and 
Supplementary Table 5). Median age was 78 [72–83], 62% 
were male, and 78% had a CFS score between 4 and 9. 
Patients on HFNO were younger, less frail, and more fre-
quently treated with dexamethasone.

In-hospital mortality rate was 67%, predominantly 
attributed to progressive respiratory failure (96%). All 
patients died within 28 days after admission, except one 
patient in the HFNO group (day 37). Unadjusted in-hos-
pital mortality rates were 64% in the HFNO group and 
71% in the COT group (p = 0.29; Table 1).

In the HFNO group, the respiratory rate prior to 
HFNO initiation was 28 [23–32],  SpO2 level was 92 [89–
94], and the  FiO2 level was high (66% on 15 L/min non-
rebreathing mask, Table 1).

For the COT group, we considered “early” and “maxi-
mum” approaches to select the time point when patients 
would have met the potential HFNO treatment eligibil-
ity criteria. In the early approach, respiratory rates were 
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similar to patients receiving HFNO (28 [22–32]).  SpO2 
levels were higher (94 [93–95]) and  FiO2 levels were 
lower. In the multivariable analysis, HFNO compared to 
COT was not associated with in-hospital mortality (OR 
0.72 [0.34–1.54]; Table  2). The survival time was longer 
for the HFNO group (log-rank p-value = 0.02; Fig. 2a).

In the maximum approach, respiratory rates (26 [22–
32]) and  FiO2 levels were similar to the HFNO group, 
and  SpO2 levels were higher (95 [93–97]). In the mul-
tivariable analysis, HFNO was not associated with in-
hospital mortality (OR 0.85 [0.40–1.78]; Table  2). The 
survival time was longer for the HFNO group (log-rank 
p-value = 0.002; Fig. 2b).

Hospital LOS was longer in the HFNO group compared 
to the COT group (11 [6–18] vs. 7 [4–12], p = 0.001), 
observed in both survivors and non-survivors (Table 1). 
The estimate for hospital LOS adjusted for confounders 
was 0.34 ([0.13–0.55]; Supplementary Table 6).

Potential predictors for in‑hospital mortality in the HFNO 
group
To determine predictors of in-hospital mortality in 
patients treated with HFNO, a total of 116 patients were 
selected (Fig. 1). We focused on two relevant time frames 
for the measurements of predictors: prior to HFNO ini-
tiation and during HFNO treatment.

For the measurements taken prior to HFNO ini-
tiation, unadjusted pairwise comparisons showed no 
differences in characteristics between survivors and 
non-survivors (Supplementary Table  7). Multivariable 
logistic regression analysis identified  SpO2 level as a 
predictor of in-hospital mortality (multivariable model: 
AUC 0.71 [0.60–0.80]). Univariable AUC’s for the S/F 
ratio and ROX index were 0.70 [0.59–0.79] and 0.63 
[0.52–0.73], respectively (Supplementary Table 8).

The course of respiratory parameters within the first 
24 h after HFNO initiation stratified by survival status 
is depicted in Fig.  3. Significant differences in unad-
justed pairwise analyses between survivors and non-
survivors were observed for  SpO2 levels at several time 
points (prior to, 0, 2, 6, 12, and 24 h), but the absolute 
differences were small (median differences ranged 
1–2%). S/F ratio (median differences range 10–37) and 
ROX index (median differences range 0.9–1.3) differed 
at most time points. Multivariable logistic regression 
analyses identified  SpO2 level as a predictor for in-hos-
pital mortality at several time points (0, 2, and 6 h), and 
the level of  FiO2 was associated at 24 h. AUC’s based 
on univariable models for the S/F ratio and ROX index 
ranged from 0.61 to 0.70, and 0.58 to 0.68 respectively 
(Supplementary Table 8).

Fig. 1 Flowchart study population. Cohort 1 refers to the HFNO‑COVID‑19 cohort, cohort 2 refers to the Northwest Hospital group (NWZ) cohort, 
cohort 3 refers to the University Medical Center Groningen (UMCG) cohort. HFNO high‑flow nasal oxygen, COT conventional oxygen therapy
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Table 1 Characteristics of the total study cohort, and divided by HFNO and COT

Data presented as median [interquartile ranges], unless denoted otherwise

*Using Mann–Whitney U-test for continuous variables and Chi-square test for categorical variables

All patients (n = 218) HFNO (n = 110) COT (n = 108) p‑value*

Demographics at hospital admission

 Age (years) 78 [72–83] 75 [69–80] 80 [75–85] <0.001

 Sex (male, n (%)) 135 (62) 69 (63) 66 (61) 0.92

 Body Mass Index (kg/m2) 27 [24–31] 28 [24–32] 26 [24–29] 0.15

Charlson Comorbidity Index (n (%)) 0.11

 0 19 (9) 14 (13) 5 (5)

 1 75 (34) 36 (33) 39 (36)

 ≥2 124 (57) 60 (55) 64 (59)

Clinical Frailty Scale (n (%)) <0.001

 Fit (1–3) 47 (22) 37 (34) 10 (9)

 Vulnerable (4–5) 101 (46) 41 (37) 60 (56)

 Frail (6–9) 70 (32) 32 (29) 38 (35)

Laboratory at hospital admission

 CRP (mg/mL) 94 [48–148] 90 [49–141] 95 [46–154] 0.73

 Urea (mmol/L) 9.2 [6.6–12.3] 8.6 [6.2–11.6] 9.7 [7.5–12.8] 0.02

 Platelet count  (109/L) 175 [129–231] 177 [130–232] 169 [131–228] 0.98

 Lymphocyte count  (109/L) 0.70 [0.54–0.90] 0.70 [0.50–0.90] 0.80 [0.60–1.00] 0.02

Treatment during hospital admission

 Dexamethasone (n (%)) 190 (87) 106 (96) 84 (78) <0.001

 Interleukin‑6 receptor blockers (n (%)) 30 (14) 23 (21) 7 (7) 0.004

Prior to start HFNO or COT at ≥ 6 L/min

 Hours from hospital admission 46.1 [3.8–103.1] 53.3 [7.4–126.2] 35.3 [1.2–90.8] 0.02

 Respiratory rate (breaths/minute) 28 [22–32] 28  [23–32] 28 [22–32] 0.55

  SpO2 (%) 93 [90–95] 92 [89–94] 94 [93–95] <0.001

  FiO2 0.60 [0.40–0.66] 0.66 [0.60–0.66] 0.40 [0.39–0.66] <0.001

FiO2 categories (n (%))‡ <0.001

 2 84 (39) 18 (16) 66 (61)

 3 34 (16) 20 (18) 14 (13)

 4 100 (46) 72 (66) 28 (26)

S/F ratio 152 [141–233] 144 [136–155] 231 [150–238] <0.001

ROX index 6.4 [4.8–8.6] 5.4 [4.4–6.9] 7.7 [5.4–10.0] <0.001

Prior to start HFNO or COT at maximal level

 Hours from hospital admission 60.3 [15.4–124.5] 53.3 [7.4–126.2] 64.7 [23.8–122.3] 0.20

 Respiratory rate (breaths/minute) 28 [22–32] 28 [23–32] 26 [22–32] 0.42

  SpO2 (%) 94 [90–96] 92 [89–94] 95 [93–97] <0.001

  FiO2 0.66 [0.60–0.66] 0.66 [0.60–0.66] 0.66 [0.60–0.66] 0.13

FiO2 categories (n (%))‡ 0.13

 2 26 (12) 18 (16) 8 (7)

 3 42 (19) 20 (18) 22 (20)

 4 150 (69) 72 (66) 78 (73)

S/F ratio 145 [139–154] 144 [136–155] 145 [142–152] 0.13

ROX index 5.5 [4.6–7.0] 5.4 [4.4–6.9] 5.6 [4.7–7.1] 0.50

Outcomes

 In‑hospital mortality (n (%)) 147 (67) 70 (64) 77 (71) 0.29

Hospital length of stay [median, IQR]

 All 9 [5–16] 11 [6–18] 7 [4–12] 0.001

 Survivors 15 [10–21 18 [11–23] 13 [8–18]

 Non‑survivors 6 [4–11] 8 [4–14] 6 [3–10]
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Discussion
Evidence supporting the use of HFNO in patients with 
DNI orders is limited and often of low quality [27]. In this 
analysis using data from three observational cohort stud-
ies, we assessed the role of HFNO in patients with a DNI 
order suffering from AHRF due to COVID-19. Our main 
findings can be summarized as follows: First, in-hospital 
mortality was high (67%) and primarily due to respiratory 
failure. Second, HFNO was not associated with a survival 
benefit compared to COT but was associated with a pro-
longed hospital stay. Finally, prediction accuracy for in-
hospital mortality at HFNO initiation or during HFNO 
treatment was moderate.

Overall, in-hospital mortality rate in this popula-
tion was high (67%) which aligns with mortality rates 
in similar study populations (ranging between 58 and 
86%) [1, 3–6, 13, 14]. In adjusted analyses, correcting 
for differences in patient characteristics, we observed 
no associated survival benefit of HFNO over COT. This 
finding was consistent for the two HFNO eligibility 
time points in the COT group. HFNO has previously 
been suggested as a treatment for this population based 
on retrospective observational studies [1–6, 13]. These 
studies were mostly descriptive, predominantly lacked 

a COT comparator group, and consisted of small sam-
ple sizes. Only one study compared HFNO with COT 
using propensity matching, and reported a 30-day sur-
vival rate of 17 vs. 8%, respectively [14]. Its retrospec-
tive, single-centre design, small sample size (n = 67), 
inclusion of only patients > 75 years, the use of propen-
sity score matching in only a small sample [28] and lack 
of sufficient methodological details limit the study’s 
robustness and generalizability. In our study, data were 
more granular and prospectively collected, and the 
sample size was relatively large.

We further observed a prolonged hospital LOS in 
both surviving and non-surviving patients on HFNO. 
The consequence of a lack of a clear survival benefit at 
hospital discharge, combined with prolonged hospital 
LOS, should be considered in the context of societal 
and individual costs and benefits. Nevertheless, HFNO 
may still play a role in alleviating symptoms like dysp-
noea and discomfort, although evidence remains uncer-
tain [14, 25, 29, 30]. From a palliative care perspective, 
reducing such symptoms and creating time for end-of-
life care can be important goals. Our study provides 
insights that can help balance these treatment goals, 
which may be especially relevant for resource-intensive 

‡ FiO2 divided into three categories: group 0) room air, group 1) nasal oxygen 1–6 L/min or air-entrainment mask 10 L/min, group 2) air-entrainment mask 15 L/min or 
non-rebreathing mask 10 L/min and group 3) non-rebreathing mask 15 L/min

COT conventional oxygen therapy, CRP C-reactive protein, FiO2 fraction of inspired oxygen, HFNO high-flow nasal oxygen, IQR interquartile range, L litres, min minute, 
N number, ROX index respiratory oxygenation index  (SpO2/FiO2/respiratory rate), SpO2 oxygen saturation, S/F ratio  SpO2/FiO2 ratio

Table 1 (continued)

Table 2 Odds ratio’s for in‑hospital mortality at time points COT ≥ 6 L/min or at maximum level

Multivariable logistic regression analysis for outcome in-hospital mortality

*Clinical Frailty Scale was divided in category 1) fit 1–3, category 2) vulnerable 4–5, category 3) frail 6–9. ‡FiO2: estimated fraction of inspired oxygen, divided into 
three categories: group 1) room air, group 2) nasal oxygen 1–6 L/min or air-entrainment mask 10 L/min, group 3) air-entrainment mask 15 L/min or non-rebreathing 
mask 10 L/min and group 4) non-rebreathing mask 15 L/min

CI confidence interval, COT conventional oxygen therapy, HFNO high-flow nasal oxygen, OR odds ratio, RR respiratory rate, SpO2 oxygen saturation

Prior to (potential) HFNO initiation COT at ≥6 L/min COT at maximal level

OR [95% CI] p‑value OR [95% CI] p‑value

HFNO vs. COT 0.72 (0.34–1.54) 0.40 0.85 (0.40–1.78) 0.66

Confounders

Age (per 1‑year increase) 1.03 (0.99–1.07) 0.20 1.03 (0.99–1.07) 0.21

Clinical frailty scale*

 Vulnerable vs. Fit 2.06 (0.93–4.56) 0.08 2.46 (1.06–5.72) 0.04

 Frail vs. Fit 1.20 (0.54–2.68) 0.66 1.57 (0.67–3.71) 0.30

Dexamethasone (yes/no) 0.58 (0.21–1.60) 0.29 0.69 (0.24–1.99) 0.50

SpO2 (per 1%‑point increase) 0.90 (0.83–0.98) 0.02 0.90 (0.82–0.98) 0.02

FiO2 ‡

 Category 3 vs. 2 0.81 (0.33–2.01) 0.65 1.35 (0.47–3.85) 0.57

 Category 4 vs. 2 1.43 (0.68–3.03) 0.35 4.75 (1.86–12.13) <0.01

RR (per 1‑breath/min increase) 1.01 (0.96–1.05) 0.76 1.02 (0.97–1.07) 0.43
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strategies during times of resource scarcity, such as 
future pandemics.

Guiding such clinical decision-making can be facili-
tated by predicting who may benefit from HFNO [15, 16]. 
In our study, baseline characteristics, respiratory vari-
ables or indicators of disease severity were not different 
between survivors and non-survivors. In contrast, previ-
ous studies found differences in characteristics such as 
age [5], sex [6], CFS score or WHO performance status 
at admission [4], and (the number of ) comorbidities [1, 
5, 6], based on unadjusted comparisons. In our multivari-
able logistic regression analysis, only  SpO2 level appeared 
to be a predictor of in-hospital mortality, but absolute 
differences were small. Composite indices, such as the 
S/F ratio and ROX index, have fair discriminative accu-
racy to predict intubation in full-code patients on HFNO 
[26, 31, 32]. However, their performance in DNI patients 

is understudied [4]. In our analyses, the accuracy of these 
indices was moderate at best. Collectively, these findings 
suggest that other variables may be more relevant in this 
specific population. Variables capturing the patient’s pre-
morbid status, such as the Charlson Comorbidity Index 
[33] and CFS score [34], or inflammatory variables are 
obvious candidates, but these variables were not associ-
ated with in-hospital mortality in the current analyses.

Our study has several strengths. We included one of 
the largest cohorts of the understudied patients with a 
DNI order and AHRF due to COVID-19, assessing the 
impact of HFNO on both in-hospital mortality and hos-
pital LOS. Furthermore, this study surpassed the descrip-
tive nature of previous studies [1, 3–6, 13], using both 
unadjusted and adjusted analyses.

There are also limitations to consider. First, this analy-
sis was based on observational data and can still be ham-
pered by residual biases, despite the efforts to include 
most relevant confounders for the outcome of interest. 
Some supplemented data was collected retrospectively, 
which could have led to information bias. However, most 
of the data was collected prospectively and standardized 
data collection definitions were used. To substantiate 
the conclusions and further limit biases, a randomized 
controlled trial is required. Second, the sample size was 
insufficient to include a wider range of variables for pre-
diction modelling and may have caused imprecision to 
detect small treatment differences between HFNO and 
COT. Future studies should strive for larger sample sizes 
to explore other relevant variables in this specific popula-
tion. Third, the three cohorts originated from overlapping 
but slightly different time periods. As the administra-
tion of steroids was one of the major improvements in 
COVID-19 treatment [35], by including steroid use as 
confounder the analysis was at least partly corrected for 
differences in treatment strategies. Fourth, although mor-
tality and length of stay are relevant clinical outcomes 
for studies on HFNO, more palliative endpoints such as 
comfort and dyspnoea are arguably equally relevant in 
this specific frail population. Finally, in this study patients 
with COVID-19 were exclusively included, which may 
limit generalizability to other forms of acute hypoxemic 
respiratory diseases. Nonetheless, the current data may 
encourage further exploration of the role of HFNO in 
other hypoxemic diseases and consider patients with a 
DNI order as a relevant pre-defined subgroup.

Conclusions
HFNO in patients with a DNI order and AHRF due to 
viral pneumonia (COVID-19) was not associated with a 
survival benefit compared to COT, but with prolonged 
hospital LOS. Decisions on initiating HFNO treatment 
in these patients should consider its potential impact 

Fig. 2 Kaplan–Meier curve of HFNO vs. COT. HFNO high‑flow nasal 
oxygen, COT conventional oxygen therapy. a Kaplan–Meier Curve 
of HFNO vs. COT (time point selected as potential HFNO initiation 
point for COT: at least 6 L oxygen per minute), log‑rank p‑value: 
0.02. b Kaplan–Meier Curve of HFNO vs. COT (time point selected 
as potential HFNO initiation point for COT: at maximum oxygen 
therapy level during hospital admission). Log‑rank p‑value: 0.002
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on in-hospital mortality and hospital LOS, as well as 
patient-centred outcomes such as relief from dyspnoea, 
alleviation of discomfort, and palliative care needs. Such 
considerations are especially relevant in resources-lim-
ited settings but also apply to individual patient care in 
general. Future studies on the role of HFNO in other 
hypoxemic diseases should specifically focus on frail 
patients with DNI orders and include not only outcomes 
as mortality, but also comfort and dyspnoea.
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