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Abstract 

Background  Dyspnea is a key symptom of de novo acute hypoxemic respiratory failure. This study explores dyspnea 
and its association with intubation and mortality in this population.

Methods  This was a secondary analysis of a multicenter, randomized, controlled trial. Dyspnea was quantified 
by a visual analog scale (dyspnea-VAS) from zero to 100 mm. Dyspnea was measured in 259 of the 310 patients 
included. Factors associated with intubation were assessed with a competing risks model taking into account ICU 
discharge. The Cox model was used to evaluate factors associated with 90-day mortality.

Results  At baseline (randomization in the parent trial), median dyspnea-VAS was 46 (interquartile range, 16–65) mm 
and was ≥ 40 mm in 146 patients (56%). The intubation rate was 45%. Baseline variables independently associated 
with intubation were moderate (dyspnea-VAS 40–64 mm) and severe (dyspnea-VAS ≥ 65 mm) dyspnea at baseline 
(sHR 1.96 and 2.61, p = 0.023), systolic arterial pressure (sHR 2.56, p < 0.001), heart rate (sHR 1.94, p = 0.02) and PaO2/
FiO2 (sHR 0.34, p = 0.028). 90-day mortality was 20%. The cumulative probability of survival was lower in patients 
with baseline dyspnea-VAS ≥ 40 mm (logrank test, p = 0.049). Variables independently associated with mortality were 
SAPS 2 ≥ 25 (p < 0.001), moderate-to-severe dyspnea at baseline (p = 0.073), PaO2/FiO2 (p = 0.118), and treatment arm 
(p = 0.046).

Conclusions  In patients admitted to the ICU for de novo acute hypoxemic respiratory failure, dyspnea is associated 
with a higher risk of intubation and with a higher mortality.

Trial registration: clinicaltrials.gov Identifier # NCT 01320384.
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Introduction
Acute respiratory failure (ARF) results from an imbal-
ance between the load and the capacity of the respiratory 
system. Noninvasive respiratory support such as high 
flow oxygen therapy (HFOT) and noninvasive ventilation 
(NIV) may prevent intubation by reducing load capac-
ity imbalance and hence signs of respiratory distress [1, 
2]. Early prediction of the need for intubation in patients 
with de novo hypoxemic ARF remains challenging. Many 
factors supposed to predict intubation, such as severe 
hypoxemia, shock or coma, are themselves actually intu-
bation criteria [3–7]. The best prediction accuracy of the 
ratio of respiratory-rate-oxygenation index is after 12 h of 
HFOT [8]. Tidal volume is also a good predictor of intu-
bation, but only in patients receiving NIV [5, 9, 10].

Dyspnea, the abnormal and distressing awareness of 
breathing, is a key symptom of ARF [11]. As opposed 
to physical signs of respiratory distress such as tachyp-
nea and labored breathing, dyspnea is a symptom, which 
places a very strong emphasis on self-reporting [11]. 
Because it parallels respiratory drive, dyspnea is a marker 
of load capacity imbalance [12]. As such, dyspnea could 
help to predict intubation. Reports on dyspnea as a pre-
dictor of intubation are scarce. In patients receiving NIV 
for ARF of a mixed nature, dyspnea was associated with 
adverse outcomes, including NIV failure [13]. Similar 
results were observed in COVID-19 patients [14]. Of 
note, dyspnea was among intubation criteria of only one 
of the large randomized controlled trials published in the 
last decade and in which intubation was the primary or 
a major secondary outcome [1, 15–19]. The reason why 
dyspnea has been so little studied is unclear.

Here, we performed a post hoc analysis of a large scale 
multicenter, randomized controlled trial in which dysp-
nea was measured [1]. Our first objective was to quantify 
the prevalence and intensity of dyspnea in non-intubated 
patients receiving noninvasive respiratory support (either 
standard oxygen, HFOT or NIV delivered by an ICU 
ventilator) for de novo hypoxemic ARF and to examine 
factors associated with dyspnea. Our second objective 
was to investigate the association between dyspnea and 
intubation. Finally, we examined the association between 
dyspnea and mortality. Our hypotheses were that dysp-
nea was frequent and severe in this population, and that a 
more intense dyspnea was associated with a higher risk of 
intubation and mortality.

Patients and methods
Study population and design
We performed a post hoc analysis of a randomized, con-
trolled trial (NCT 01320384, registered on 22 March 
2011) conducted in 23 centers in France and Belgium 
[1]. In this study, 310 patients admitted to ICU with ARF 

were randomly assigned to receive a treatment by stand-
ard oxygen, HFOT or NIV delivered by an ICU venti-
lator. All patients had a respiratory rate > 25 breaths/
min, a ratio of arterial oxygen partial pressure to frac-
tional inspired oxygen (PaO2/FiO2) ≤ 300  mm Hg and 
a PaCO2 ≤ 45  mmHg. The main exclusion criteria were 
severe neutropenia, acute-on-chronic respiratory fail-
ure, cardiogenic pulmonary edema, shock or altered 
consciousness. The original parent trial was approved by 
ethics committees at Centre Hospitalier Universitaire de 
Poitiers for French study sites (n. 10.11.28, 28 December 
2010) and at Cliniques Universitaires Saint-Luc, Brussels 
for the site in Belgium (n. 10.07.12, 3 May 2011). Writ-
ten informed consent was obtained from all the patients, 
their next of kin or another surrogate decision-maker as 
appropriate. According to French law, this post hoc anal-
ysis of the original study did not need additional ethics 
approval as no more data were collected for this analysis. 
Procedures followed were in accordance with the ethical 
standards of the responsible committee on human exper-
imentation and with the Helsinki Declaration of 1975, as 
most recently amended. Two other post hoc analyses of 
this study have been already published [9, 21].

Data collection and predetermined criteria for intubation
Clinical variables, respiratory variables and blood gas 
samples were collected at two time points. First, at rand-
omization in the original parent trial, during spontaneous 
breathing with a non-rebreathing mask, termed “base-
line” in the present post hoc analysis. Second, 1  h after 
initiation of the allocated treatment by the randomization 
in the parent trial (standard oxygen, HFOT or NIV) [1]. 
To assess the intensity of dyspnea, patients were asked to 
rate their breathing discomfort (in French “inconfort res-
piratoire”) by placing a cursor on a 100 mm visual analog 
scale (dyspnea-VAS) bounded on the left by “no respira-
tory discomfort” and on the right by “worst imaginable 
respiratory discomfort.” Of notice, this question did not 
target discomfort associated with the respiratory inter-
face. Dyspnea-VAS was used to identify four groups 
of patients: no dyspnea (dyspnea-VAS < 16  mm), mild 
dyspnea (dyspnea-VAS between 16 and 39 mm), moder-
ate dyspnea (dyspnea-VAS between 40 and 64 mm), and 
severe dyspnea (dyspnea-VAS ≥ 65 mm). The 40 mm cut-
off was based on the 2024 European Respiratory Society/
European Society of Intensive Care Medicine joint state-
ment on dyspnea in critically ill patients [11] and on the 
many similar features shared by dyspnea and pain (nox-
ious sensations, common pathways, similar cortical areas 
involved and affective dimension) [22]. The 16  mm and 
65 mm cutoffs were based on the first and third quartile 
of dyspnea-VAS at baseline in our cohort.
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The need for invasive mechanical ventilation was 
defined in the original parent trial by the following pre-
specified criteria for endotracheal intubation: (1) signs of 
persisting or worsening respiratory failure, including at 
least two of the following criteria: respiratory rate above 
40  breaths/min, lack of improvement of signs of high 
respiratory muscle workload, development of copious 
tracheal secretions, pH below 7.35, or SpO2 below 90% 
for more than 5 min; (2) hemodynamic instability; or (3) 
deterioration of neurologic status [1]. Of note, dyspnea 
was not among these criteria. Intensive care unit mortal-
ity and 90-day mortality were recorded.

Statistical analysis
Quantitative variables were described as median (inter-
quartile range). Qualitative variables were described as 
frequency (percentages). Five outcomes were analyzed: 
two qualitative outcomes, dyspnea at baseline and dysp-
nea 1  h after randomization, one quantitative outcome, 
the difference between dyspnea intensity at baseline 
and dyspnea 1  h after randomization and two censored 
outcomes, time from enrollment to intubation (with 
discharge from ICU as a competitive event) and 90-day 
mortality, defined as the time from enrollment to death. 
Patients alive at 90  days were censored at 90  days, and 
patients lost to follow-up were censored to their last 
known contact.

Factors associated with moderate-to-severe dyspnea 
at baseline and after the first hour were studied by mul-
tivariate logistic regression analysis. The multivariate 
model was built with the following variables that were 
considered to be clinically relevant: age, smoker, immu-
nosuppression status, McCabe score, heart rate, systolic 
arterial pressure, respiratory rate, bilateral pulmonary 
infiltrates, PaO2/FiO2 and randomization arm in the 
parent trial (oxygenation strategy). Adjusted odds ratios 
(OR) were presented with their 95% confidence inter-
vals (CI). Factors associated with the change in dyspnea 
intensity between baseline and the first hour were stud-
ied using a multivariable linear regression model, taking 
into account the same variables as well as dyspnea inten-
sity at baseline.

Factors associated with time to intubation were stud-
ied using the Fine and Gray model with ICU discharge 
as a competing event [23]. Cumulative incidence of 
intubation was estimated with the Kalbfleisch and Pren-
tice method, considering ICU discharge as a competing 
event [24]. These factors were compared using Gray’s 
test [25]. A first multivariate model was built with the 
following baseline variables that were considered to be 
clinically relevant: SAPS 2, randomization arm, bilateral 
pulmonary infiltrates, heart rate, systolic arterial pres-
sure, respiratory rate, dyspnea and PaO2/FiO2 at baseline. 

A second multivariate model was built with the following 
variables that were considered to be clinically relevant 
1 h after treatment initiation: heart rate, arterial pressure, 
respiratory rate, dyspnea and PaO2/FiO2 and change in 
dyspnea between baseline and 1 h after treatment initia-
tion. Adjusted subdistribution hazard ratios (sHR) were 
presented with their 95% CI.

Finally, the association between dyspnea and 90-day 
mortality was evaluated with a Cox proportional hazard 
model. Cumulative incidence curves for mortality were 
estimated using the Kaplan–Meier estimator and com-
pared using a log rank test. The multivariate model was 
built with the following variables that were considered 
to be clinically relevant: age, preexisting cardiac failure, 
immunosuppression, McCabe score, SAPS 2 on admis-
sion, SOFA score on inclusion, randomization arm, 
bilateral pulmonary infiltrates and dyspnea at baseline. 
Adjusted hazard ratios (HR) were presented with their 
95% CI.

For each model, validity assumptions were checked 
(log-linearity and proportional hazards assumptions) 
and multivariate models were built using a backward 
selection based on AIC (Akaike information criterion) 
criteria.

Analyses were conducted at the two-sided α risk of 5%. 
No multiplicity test correction was made. All statistical 
analyses were performed with R statistical software, ver-
sion 3.2.0 (available online at http://​www.r-​proje​ct.​org/ 
and package survival, cmprsk).

Results
Study population and prevalence of dyspnea
Among the 313 patients included in the parent trial, three 
patients withdrew consent and quantification of dyspnea 
was missing in 51 patients at baseline and in 57 patients 
1  h after treatment initiation (see Additional file  1  Fig-
ure E1). Table  1 indicates the patient characteristics at 
baseline.

At baseline, the intensity of dyspnea was 46 (16–65) 
mm on the dyspnea-VAS (Fig. 1) and dyspnea was mild 
(dyspnea-VAS between 16 and 39 mm) in 17% of patients, 
moderate (dyspnea-VAS between 40 and 64 mm) in 32% 
and severe (dyspnea-VAS ≥ 65 mm) in 24%. After 1 h of 
treatment, the intensity of dyspnea score decreased to 35 
(10–56) mm (p = 0.0004) (Fig. 1) and was mild in 22% of 
patients, moderate in 30% and severe in 17%. The median 
absolute variation of dyspnea was 10 (0–20)  mm and 
decreased by 10 mm or more in 219 (51%) patients.

Factors associated with moderate‑to‑severe dyspnea 
at baseline and after 1 h of treatment
Table 1 displays the factors associated with mild, moder-
ate and severe dyspnea at baseline. On multivariate logistic 

http://www.r-project.org/
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Table 1  Univariate analysis: factors associated with moderate-to-severe dyspnea at baseline

VAS visual analog scale, IQR interquartile range, BMI body mass index, SAPS 2 simplified acute physiology score, SOFA sequential organ failure assessment score, PaO2/
FiO2 ratio of arterial oxygen tension to inspired oxygen fraction

All patients 
(n = 259)

No dyspnea (n = 70) Mild dyspnea 
(n = 43)

Moderate dyspnea 
(n = 84)

Severe dyspnea 
(n = 62)

p value

Dyspnea-
VAS < 16 mm

Dyspnea-VAS 
16–39 mm

Dyspnea-VAS 
40–64 mm

Dyspnea-
VAS ≥ 65 mm

Patient characteristics

 Age, years, median 
(IQR)

62 (48–74) 61 (46–71) 57 (45–69) 64 (48–77) 66 (53–75) 0.128

 Male gender, n (%) 183 (71) 49 (70) 35 (81) 54 (64) 45 (73) 0.245

 BMI, kg m−2, 
median (IQR)

25 (22–29) 25 (22–31) 25 (21–29) 26 (23–28) 25 (22–27) 0.407

 Current 
or past smoking, 
n (%)

94 (36) 31 (44) 19 (44) 22 (26) 22 (35) 0.078

 Preexisting cardiac 
failure, n (%)

16 (6) 6 (8.57) 0 (0) 6 (7.14) 4 (6.45) 0.251

 Immunosuppres‑
sion, n (%)

70 (27) 24 (34) 19 (44) 19 (23) 8 (13) 0.002

 McCabe < 0.003

  1, n (%) 203 (78) 49 (70) 27 (63) 70 (83) 57 (92)

  2, n (%) 48 (1) 17 (24) 14 (33) 12 (14) 5 (8)

  3, n (%) 8 (3) 4 (6) 2 (5) 2 (2) 0 (0)

 SAPSII at inclusion, 
median (IQR)

24 (19–31) 24 (20–32) 23 (18–33) 24 (19–30) 24 (18–30) 0.948

 SOFA at inclusion, 
median (IQR)

3 (2–5) 3 (2–4) 3 (2–5) 3 (2–5) 3 (2–4) 0.269

Cause of ARF

 Community-
acquired pneumo‑
nia, n (%)

167 (64) 43 (61) 24 (56) 59 (70) 41 (66) 0.394

 Hospital-acquired 
pneumonia, n (%)

34 (13) 6 (9) 11 (26) 11 (13) 6 (10) 0.051

 Other, n (%) 69 (27) 24 (34) 9 (21) 17 (20) 19 (31) 0.166

At baseline, at randomization

 Respiratory rate, 
min−1, median 
(IQR)

31 (27–36) 30 (27–35) 30 (27–37) 32 (28–36) 33 (28–38.75) 0.408

 Dyspnea-VAS, 
median (IQR)

46 (13–65) 4 (0–10) 27 (21–30) 50 (47.75–59.25) 80 (74.25–90) 0.001

 Heart rate, min−1, 
median (IQR)

105 (93–119) 110 (92–120) 105 (92.5–119) 103 (92–115) 107 (96–119) 0.509

 Systolic arterial 
pressure, mmHg, 
median (IQR)

121 (108–140) 120 (102–134) 120 (110–141) 121 (109–141) 122 (109–139) 0.379

 Bilateral pulmonary 
infiltrates, n (%)

205 (79) 52 (74) 34 (79) 65 (77) 54 (87) 0.316

 Blood gases

  PaO2/FiO2, 
mmHg, median 
(IQR)

129 (98–171) 129 (98–171) 135 (103–182) 154 (92–197) 133 (105–165) 0.231

  PaCO2, mmHg, 
median (IQR)

36 (32–39) 35 (33–39) 36 (33–39) 35 (32–38) 36 (32–39) 0.829

  pH, mmHg, 
median (IQR)

7.44 (7.41–7.47) 7.43 (7.40–7.47) 7.44 (7.41–7.46) 7.44 (7.42–7.47) 7.44 (7.40–7.46) 0.572



Page 5 of 12Demoule et al. Critical Care          (2024) 28:174 	

regression analysis, three factors were independently 
associated with reduced risk of moderate-to-severe dysp-
nea (dyspnea-VAS ≥ 40  mm) at baseline: smoking (OR 
0.39, 95% CI 0.22–0.69), immunosuppression (OR 0.48, 
95% CI 0.25–0.92) and McCabe 2 or 3 (OR 0.32, 95% CI 
0.16–0.65).

Table  2 shows the factors associated with mild, mod-
erate and severe dyspnea 1  h after treatment initia-
tion. On multivariate logistic regression analysis, six 
of these factors were independently associated with 
moderate-to-severe dyspnea (dyspnea-VAS ≥ 40  mm) 
1  h after treatment initiation. Four factors were associ-
ated with increased risk of moderate-to-severe dyspnea: 
age > 60 years (OR 2.17, 95% CI 1.20–3.90), systolic arte-
rial pressure 1  h after treatment initiation (OR per 10 
points increased 1.13 95% CI 0.98–1.30), respiratory rate 
1 h after treatment initiation (OR per 10 points increased 
1.43 95% CI 0.96–2.13) and bilateral pulmonary infil-
trates (OR 3.08, 95% CI 1.42–6.65). Two factors were 
associated with reduced risk of moderate-to-severe dysp-
nea: immunodeficiency (OR 0.49, 95% CI 0.25–0.97) and 
HFOT (OR 0.57, 95% CI 0.34–0.95).

On multivariable linear regression model, two factors 
were associated with the change in dyspnea-VAS between 
baseline and 1 h after treatment initiation: dyspnea-VAS 
at baseline (− 0.38 ± 0.05, p < 0.001) and noninvasive res-
piratory support (− 7.09 ± 3.35 for HFOT and 2.56 ± 3.36 
for noninvasive ventilation as compared to standard oxy-
gen, p = 0.011) (Additional file  1, Table  E1). There was 
no difference between treatment groups at baseline in 
terms of dyspnea intensity. However, 1 h after treatment 

initiation, dyspnea-VAS decreased in the HFOT group, 
while it did not change in the two other groups (Addi-
tional file 1, Table E2).

Association between dyspnea and intubation
This analysis excluded three do-not-intubate patients 
who died without being intubated. The intubation rate 
was 45% (n = 115).

Table 3 displays the baseline variables associated with 
intubation while accounting for ICU discharge as a time-
dependent competing risk. On Fine and Gray’s multivari-
ate regression analysis, four variables were independently 
associated with intubation (Table  3). Three variables 
were associated with a higher risk of intubation: mod-
erate (dyspnea-VAS 40–64  mm) and severe (dyspnea-
VAS ≥ 65  mm) dyspnea at baseline (sHR 1.96, 95% CI 
1.07–3.57 and sHR 2.61, 95% CI 1.40–4.87), baseline sys-
tolic arterial pressure 120–140 mmHg (sHR 2.56, 95% CI 
1.58–4.17) and heart rate > 100 beat/min at baseline (sHR 
1.94, 95% CI 1.29–2.92). One variable, baseline PaO2/
FiO2 > 200  mmHg (sHR 0.34, 95% CI 0.15–0.76), was 
associated with a lower risk of intubation. The cumula-
tive incidence of intubation was higher in patients with 
moderate-to-severe dyspnea at baseline than in those 
with no or mild dyspnea (p = 0.0004) (Fig. 2). There was 
no significant interaction between dyspnea and the rand-
omization group (p = 0.071).

The variables measured 1  h after treatment initiation 
that were associated with a higher risk of intubation on 
Fine and Gray’s multivariate regression analysis were 
severe dyspnea (dyspnea-VAS ≥ 65  mm), high respira-
tory rate, high arterial blood pressure, high heart rate. A 
high PaO2/FiO2 1  h after treatment initiation was asso-
ciated with a lower risk of intubation (Additional file  1, 
Table E3).

Associations between dyspnea at baseline and mortality
Intensive care unit mortality was 18% (n = 46), and 
90-day mortality was 20% (n = 53). Ninety-day mortality 
was 16% (n = 11) in patients with no dyspnea, 16% (n = 6) 
in patients with mild dyspnea, 20% (n = 17) in patients 
with moderate dyspnea and 31% (n = 19) in patients with 
severe dyspnea (p = 0.110). Figure  3 shows the cumula-
tive probability of survival up to 90 days in patients with 
no, mild, moderate and severe dyspnea (logrank test, 
p = 0.086). The cumulative probability of survival was 
lower in patients with baseline dyspnea-VAS ≥ 40  mm 
(logrank test, p = 0.049) (see Additional file 1, Figure E2).

On the multivariate Cox proportional hazard model, 
three factors remained in the final model and were asso-
ciated with an increased 90-day mortality: SAPS 2 ≥ 25, 
moderate-to-severe dyspnea at baseline, PaO2/FiO2 and 
treatment arm (Table 4).
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Fig. 1  Box plots showing dyspnea-visual analog scale from zero (no 
respiratory discomfort) to 100 mm (worst imaginable respiratory 
discomfort) at baseline and 1 h after treatment initiation. The black 
center line denotes the median value (50th percentile), while the box 
contains the 25th to 75th percentiles of dataset. The blue line 
denotes the mean value. The black whiskers mark the maximal 
and minimal values
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Table 2  Univariate analysis: factors associated with moderate-to-severe dyspnea 1 h after treatment initiation

All patients (n = 253) No dyspnea (n = 80) Mild dyspnea (n = 55) Moderate dyspnea 
(n = 75)

Severe dyspnea 
(n = 43)

p value

Dyspnea-
VAS < 16 mm

Dyspnea-VAS 
16–39 mm

Dyspnea-VAS 
40–64 mm

Dyspnea-
VAS ≥ 65 mm

Patient characteristics

 Age, years, median 
(IQR)

60 (48–72) 56 (45–70) 59 (52–71) 62 (49–72) 69 (56–80) 0.032

 Male gender, n (%) 178 (70) 54 (68) 42 (76) 51 (68) 31 (72) 0.676

 BMI, kg m−2, median 
(IQR)

25 (22–29) 25 (22–31) 25 (22–28) 24 (21.75–28) 26 (23–27) 0.627

 Current 
or past smoking, 
n (%)

94 (37) 32 (40) 19 (35) 28 (37) 15 (35) 0.911

 Preexisting cardiac 
failure, n (%)

15 (9) 5 (6) 1 (2) 5 (7) 4 (9) 0.444

 Immunosuppres‑
sion, n (%)

68 (27) 29 (36) 16 (29) 17 (23) 6 (14) 0.045

 McCabe 0.017

  1, n (%) 199 (79) 54 (68) 47 (85) 62 (83) 36 (84)

  2, n (%) 48 (19) 23 (29) 5 (9) 13 (17) 7 (16)

  3, n (%) 6 (2) 3 (4) 3 (5) 0 (0) 0 (0)

 SAPSII at inclusion, 
median (IQR)

24 (18–30) 25 (20–31) 23 (19–29) 23 (18–30) 27 (19–32) 0.391

 SOFA at inclusion, 
median (IQR)

3 (2–4) 3 (2–5) 3 (2–4) 3 (2–5) 3 (2–4) 0.716

Cause of ARF

 Community-
acquired pneumo‑
nia, n (%)

168 (66) 45 (56) 42 (76) 51 (68) 30 (70) 0.092

 Hospital-acquired 
pneumonia, n (%)

33 (13) 9 (11) 8 (15) 11 (15) 5 (12) 0.900

 Other, n (%) 63 (25) 28 (35) 7 (13) 16 (21) 10 (23) 0.024

Oxygenation strategy 0.091

 Standard oxygen, 
n (%)

77 (30) 22 (28) 17 (301) 24 (32) 14 (33)

 High flow oxygen 
therapy, n (%)

87 (34) 36 (45) 22 (40) 19 (25) 10 (23)

 Noninvasive ventila‑
tion, n (%)

89 (35) 22 (28) 16 (29) 32 (43) 19 (44)

One hour after treatment initiation

 Respiratory rate, 
min−1, median (IQR)

29 (24–35) 29 (24–35) 26.5 (21–33) 30 (25–35) 31 (27–37) 0.017

 Dyspnea-VAS, 
median (IQR)

35 (10–56) 4 (0–9) 28 (23–31) 50 (46–57) 80 (75–90) < 0.001

 Heart rate, min−1, 
median (IQR)

101 (90–115) 103 (89–117) 100 (86–109) 104 (90–116) 100 (93–118) 0.248

 Systolic arterial 
pressure, mmHg, 
median (IQR)

120 (108–139) 119 (103–131) 118 (106–134) 130(113–145) 120 (107–141) 0.012

 Blood gases

  PaO2/FiO2, mmHg, 
median (IQR)

146 (97–199) 133 (103 –173) 145 (104–187) 147 (105–179) 131 (96–165) 0.296

  PaCO2, mmHg, 
median (IQR)

35 (31–39) 35 (30–38) 36 (31–40) 35 (31–38) 35 (30–40)

  pH, mmHg, 
median (IQR)

7.44 (7.41–7.47) 7.45 (7.41–7.48) 7.44 (7.4–7.47) 7.45 (7.43–7.47) 7.43 (7.41–7.46) 0.259

VAS visual analog scale, IQR interquartile range, BMI body mass index, SAPS 2 simplified acute physiology score, SOFA sequential organ failure assessment score, PaO2/
FiO2 ratio of arterial oxygen tension to inspired oxygen fraction
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Discussion
In this ancillary study of patients admitted to the ICU 
for acute de novo hypoxemic ARF and treated either 
by noninvasive respiratory support, (1) the intensity of 
dyspnea at baseline was high, (2) moderate and severe 

dyspnea at baseline were independently associated with 
the risk of intubation, (3) moderate-to-severe dyspnea 
at baseline was also associated with 90-day mortality.

To the best of our knowledge, this is the largest study 
to investigate dyspnea in a population of non-intubated 

Table 3  Univariate analysis: factors associated with intubation at baseline (n = 256)

The following variables were included in the initial complete model: SAPS 2, randomization arm, bilateral pulmonary infiltrates and heart rate, systolic arterial 
pressure, respiratory rate, dyspnea and PaO2/FiO2 at baseline

The Area Under the Curve (AUC, 95% confidence interval) of the Fine and Gray model was 76 (70–82)

BMI body mass index, SAPS 2 simplified acute physiology score, SOFA sequential organ failure assessment score, VAS visual analog scale, PaO2/FiO2 ratio of arterial 
oxygen tension to inspired oxygen fraction

Univariate analysis Multivariate analysis

Subdistribution hazard ratio (95% 
confidence interval)

p value Subdistribution hazard ratio (95% 
confidence interval)

p value

Patient characteristics

 Age > 60 years 1.49 (1.04–2.14) 0.030

 Gender male 1.22 (0.81–1.82) 0.345

 BMI

  25–30 kg m−2 1.02 (0.67–1.54) 0.672

  > 30 kg m−2

 Current or past smoking
0.82 (0.51–1.32)
1.16 (0.81–1.67)

0.428

 Preexisting cardiac failure 1.02 (0.52–2.02) 0.957

 Immunosuppression 0.92 (0.64–1.34) 0.679

 McCabe 2 or 3 0.79 (0.52–1.21) 0.284

 SAPS II > 25 1.46 (1.02–2.10) 0.038

 SOFA at inclusion, per 10 points 1.02 (0.93–1.13) 0.621

 Bilateral pulmonary infiltrates 1.73 (1.05–2.85) 0.032

Cause of ARF

 Community-acquired pneumonia 0.82 (0.57–1.17) 0.268

 Hospital-acquired pneumonia 1.27 (0.76–2.13) 0.365

 Other 1.17 (0.81–1.71) 0.402

At baseline, at randomization

 Respiratory rate > 30 min−1 1.49 (1.03–2.17) 0.035

 Dyspnea-VAS 1.96 (1.33–2.90) < 0.001 0.023

 16–39 mm 1.81 (0.95–3.45) 1.54 (0.76–3.12)

 40–64 mm 2.04 (1.19–3.48) 1.96 (1.07–3.57)

 ≥ 65 mm 3.31 (1.92–5.68) 2.61 (1.40–4.87)

 Heart rate > 100 beat min−1 1.72 (1.16–2.55) 0.007 1.94 (1.29–2.92) 0.002

 Systolic arterial pressure < 0.001 < 0.001

 120–140 mmHg 2.21 (1.47–3.33) 2.56 (1.58–4.17)

 > 140 mmHg 1.55 (0.96–2.51) 1.59 (0.94–2.71)

 Blood gases

  PaO2/FiO2 0.043 0.028

  100–199 mmHg 0.90 (0.58–1.40) 0.77 (0.47–1.24)

  > 200 mmHg 0.43 (0.22–0.86) 0.34 (0.15–0.76)

  PaCO2 > 35 mmHg 0.99 (0.69–1.41) 0.942

  pH ≥ 7.40 1.07 (0.65–1.77) 0.787

Noninvasive respiratory support (randomization arm) 0.067 0.132

 Standard oxygen therapy 1 1

 High flow oxygen therapy 0.60 (0.38–0.95) 0.61 (0.36–1.04)

 Noninvasive ventilation 0.92 (0.60–1.40) 0.95 (0.58–1.56)
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patients admitted for de novo hypoxemic ARF. Dyspnea 
has been measured as a secondary outcome in many tri-
als [26–30] and has also been measured in a large het-
erogeneous population of patients receiving NIV [13]. 
However, the prevalence of dyspnea and its risk factors 
and prognostic impact have not been previously studied 
in a large and homogeneous population.

A major finding of our study is that poor respiratory 
comfort was independently associated with intubation, 

which has been previously reported in patients receiv-
ing NIV for ARF, for COVID-19, and in those with 
chronic obstructive pulmonary disease exacerbation 
[13, 14, 31]. This may be considered as an obvious find-
ing, since the intensity of dyspnea is a marker of ARF 
severity and subsequently a symptom that physicians 
integrate into their intubation decision-making process. 
However, as opposed to signs of respiratory distress 
that are observed by the physician [32], dyspnea is a 
symptom that can only be self-reported by the patient. 
No study has scientifically evaluated this hypothesis, 
and we are not aware of physicians clearly asking their 
patients whether they are dyspneic or not when intu-
bation is considered. In addition, in our study, dyspnea 
per se was not one of the prespecified criteria of intu-
bation in the parent trial [1]. Subsequently, dyspnea 
was not supposed to be taken into account by the phy-
sician when she or he decided to intubate the patient. 
Dyspnea was also associated with higher mortality in 
our study, reinforcing the belief that dyspnea is a proxy 
for the severity of ARF [33]. This is in line with previ-
ous studies showing an association between poor res-
piratory comfort and hospital mortality in patients with 
suspected acute myocardial infarction [34, 35], in those 
admitted for acute COPD exacerbation [36] and even 
in patients without previously diagnosed cardiopul-
monary diseases [37–39]. Dyspnea is associated with a 
higher intubation rate in COVID-19 patients [14], and 
dyspnea upon hospital discharge is also associated with 
higher risk of readmission or death [40, 41].
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moderate dyspnea, dyspnea-VAS between 40 and 64 mm
severe dyspnea (dyspnea-VAS ≥ 65 mm)

Gray’s test p<0.001

Fig. 2  Cumulative incidence of intubation (solid line) 
while accounting for intensive care unit discharge (dashed line) 
among patients with no dyspnea at baseline (blue line), mild dyspnea 
(red line), moderate dyspnea (black line) and severe dyspnea (green 
line)
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Fig. 3  Cumulative survival up to 90 days in patients with no dyspnea at baseline (blue line), mild dyspnea (red line), moderate dyspnea (black line) 
and severe dyspnea (green line)
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Our study highlighted the high intensity of dyspnea in 
patients managed for ARF in the ICU, with around half 
of patients reporting dyspnea of an intensity ≥ 40  mm. 

Similar pain intensity corresponds to the three most 
painful procedures experienced by ICU patients [42], and 
these patients should receive analgesia promptly [22]. 

Table 4  Factors associated with 90-day mortality (n = 259)

The following variables were included in the initial complete model: age, preexisting cardiac failure, immunosuppression, McCabe score, SAPS 2 on admission, SOFA 
score on inclusion, randomization arm, bilateral pulmonary infiltrates and dyspnea at baseline

BMI body mass index, SAPS 2 simplified acute physiology score, SOFA sequential organ failure assessment score, VAS visual analog scale, PaO2/FiO2 ratio of arterial 
oxygen tension to inspired oxygen fraction
a Moderate-to severe dyspnea is defined as a dyspnea intensity ≥ 40 mm on a visual analog scale from 0 to 100 mm

Univariate analysis Multivariate analysis

Hazard ratio (95% confidence 
interval)

p value Hazard ratio 95% (confidence 
interval)

p value

Patient characteristics

 Age > 60 years 2.45 (1.39–4.32) 0.001

 Gender male 0.99 (0.56–1.75) 0.979

 BMI 0.945

  25–30 kg m−2 0.97 (0.53–1.77)

  > 30 kg m−2 1.09 (9.56–2.13)

 Current or past smoking 0.71 (0.40–1.26) 0.240

 Preexisting cardiac failure 2.03 (0.87–4.72) 0.095

 Immunosuppression 1.32 (0.76–2.28) 0.327

 McCabe 2 or 3 1.59 (0.90–2.80) 0.108

 SAPS II ≥ 25 3.56 (1.95–6.51) < 0.001 3.27 (1.68–6.35) < 0.001

 SOFA at inclusion, per point 1.16 (1.03–1.31) 0.016

 Bilateral pulmonary infiltrates 2.03 (0.92–4.49) 0.072

Cause of ARF

 Community-acquired pneumonia 0.67 (0.40–1.14) 0.135

 Hospital-acquired pneumonia 1.50 (0.76–2.97) 0.242

 Other 1.45 (0.84–2.51) 0.184

At baseline, at randomization

 Respiratory rate > 30 min−1 1.49 (0.84–2.63) 0.165

Dyspnea-VAS 0.086

  16–39 mm 0.89 (0.33–2.41)

  40–64 mm 1.35 (0.63–2.89)

  ≥ 65 mm 2.20 (1.05–4.62)

 Moderate-to-severe dyspneaa 1.77 (0.99–3.15) 0.049 1.73 (0.93–3.19) 0.073

 Heart rate > 100 beat min−1 1.29 (0.74–2.25) 0.373

 Systolic arterial pressure 0.034

  120–140 mmHg 2.24 (1.19–4.20)

  > 140 mmHg 1.69 (0.86–3.33)

 Blood gases

  PaO2/FiO2 0.056 0.118

  100–199 mmHg 1.32 (.069–2.53) 1.27 (0.65–2.46)

  > 200 mmHg 0.35 (1.10–1.25) 0.36 (0.08–1.64)

 PaCO2 > 35 mmHg 0.93(0.55–1.57) 0.787

 pH ≥ 7.40 0.75 (0.40–1.42) 0.379

Noninvasive respiratory support (randomization arm) 0.042 0.046

 Standard oxygen therapy 1 1

 High flow oxygen therapy 0.48 (0.23–0.99) 0.43 (0.19–1.01)

 Noninvasive ventilation 1.13 (0.63–2.02) 1.08 (0.58–2.04)
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Dyspnea can be considered as a key feature of ARF, and 
therefore, it is not surprising to observe such a high level 
of dyspnea in these patients. However, it should deserve 
consideration and should be managed and be controlled 
rapidly, like pain, to mitigate the immediate suffering and 
anxiety that are strongly associated with dyspnea [13, 43]. 
Indeed, dyspnea rated as ≥ 30/100  mm is considered to 
be unacceptable by one third of patients [44]. Moreover, 
dyspnea is involved in the dark recollections of patients 
following their ICU stay [45, 46] and contributes to the 
pathogenesis of post-traumatic stress disorders [47]. 
Without doubt, the relief of dyspnea is currently con-
sidered by some authors to be a basic human right [48, 
49]. Educational actions are needed to ensure that iden-
tification and management of dyspnea are performed as 
routinely as for pain. A previous study has shown that 
detection of moderate-to-severe dyspnea by nurses was 
not followed by any therapeutic intervention, in con-
trast to the detection of pain, which was significantly 
associated with the administration of opioids [50]. There 
is also an urgent need to develop and validate clinical 
approaches to relieve dyspnea independently from the 
correction of its cause, exactly as in the case of pain [49].

The major strengths of our study are the prospective 
collection of data, especially for dyspnea level, the pre-
specified intubation criteria that did not include dyspnea 
and the multicenter design. This study presents limita-
tions that need to be acknowledged. First, we quantified 
respiratory comfort at only two time points, at baseline 
and after 1 h. A longitudinal analysis based on multiple 
repeated measurements could provide additional results 
[31]. However, a substantial proportion of patients were 
intubated in the first hours of management, which causes 
a significant drop-off. Second, patients were not sys-
tematically assessed for delirium, which may affect the 
self-reporting of dyspnea. However, dyspnea was not col-
lected in patients who were unable to provide clear and 
coherent answers. Third, patients were asked to quote 
their breathing discomfort, which is not exactly dysp-
nea. Although terms such as “feeling breathlessness,” 
“shortness of breath” or “troubles breathing,” and “getting 
enough air” could have been used, none of them reflects 
perfectly dyspnea and a recent statement recognizes 
“breathing discomfort” as a proxy for dyspnea [11].

In conclusion, this study showed that dyspnea is fre-
quent and of a high intensity in a large proportion of 
critically ill patients with de novo hypoxemic ARF. Mod-
erate-to-severe dyspnea is associated with poor outcomes 
and seems to be a threatening signal in these patients. As 
this symptom is easy to identify at the bedside, dyspnea 
could become a variable that is measured on a regular 
basis, like respiratory rate and pain intensity. Future stud-
ies are needed to evaluate the benefit of this systematic 

measurement on patient management and post ICU 
burden. Future studies should also develop strategies to 
relieve dyspnea, exactly as in the case of pain.
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