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Dyspnea is a tormenting sensa-
tion that is often prominent in
patients with respiratory dis-
tress. An important objective

of mechanical ventilation (MV) is to as-
suage this symptom. Dyspnea can, however
persist, reappear, or reincrease after the
institution of MV. This can reveal compli-
cations (like pneumothorax, pneumonia,

cardiac failure, anemia, etc.) or inappropri-
ate ventilator settings. Dyspnea could
therefore be useful as a clinical manage-
ment tool. It has, however, not been stud-
ied to any great extent in mechanically ven-
tilated patients.

Beyong being a major source of phys-
ical discomfort (1), dyspnea shares many
physiological and clinical features with
pain (2–6). Like pain, it is intricated with
anxiety (7, 8). This must make it a top-
most preocuppation of intensive care unit
(ICU) clinicians and nurses whose mis-
sion is to relieve symptoms in addition to
treating disease processes. Of note, cur-
rent ICU management trends designed to
reduce iatrogenic complications and
shorten ICU stays also carry the risk of
exposing the patients to stronger dyspno-
genic stimuli for longer periods. This is
true for reduced sedation (9), reduced tidal
volume (10), and the preservation of spon-
taneous ventilatory activity in patients with
severely compromised lung function (11).
Neglecting dyspnea in these circumstances
is bound to cause suffering. It could also
counterbalance physiological benefits in
terms of clinical outcomes. It could also

have a negative distant impact through
negative recollections.

Nevertheless, dyspnea is not routinely
assessed in ICU patients, except perhaps
during weaning from MV (12, 13). A study
by Connelly et al (14), in 21 patients receiv-
ing MV, found that dyspnea was common
and correlated with the “vigor” component
of a mood score. A study by Powers et al
(15) found that nearly half of 28 mechani-
cally ventilated patients reported moderate
to severe dyspnea. Anxiety has been as-
sessed in mechanically ventilated patients
(16) but never concomitantly with dyspnea.

In this context, we conducted this pro-
spective observational study in mechani-
cally ventilated patients able to commu-
nicate to gain further insight into the
prevalence, intensity, mechanisms, and
prognostic value of dyspnea. We were
particularly interested in its association
with ventilator settings because this rep-
resents an easy target for intervention
and with the relationships of dyspnea to
anxiety and pain.

METHODS

Patients. The study population included
consecutive mechanically ventilated adult
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Objectives:Ensuring the comfort of intensive care unit patients is
crucial. Although control of pain has been extensively addressed in
this setting, data on dyspnea in mechanically ventilated patients are
scant. The objective of this study was to assess the prevalence of
dyspnea in mechanically ventilated patients, identify its clinical cor-
relates, and examine its impact on clinical outcomes.

Design, Setting, and Participants: At two medical intensive
care unit sites, we conducted a prospective 6-month observa-
tional study of intubated or tracheotomized patients who were
mechanically ventilated for >24 hrs. We enrolled 96 patients (age,
61 ! 18 yrs; Simplified Acute Physiology Score II 43 [interquartile
range, 31–60]) as soon as they could answer symptom-related
questions. Dyspnea was evaluated on a “yes–no” basis; if yes, it
was followed by a visual analog scale and descriptor choice (“air
hunger” and/or “respiratory effort”). Pain and anxiety were also
assessed by visual analog scale.

Measurements and Main Results: Forty-five patients (47%)
reported dyspnea (respiratory effort in seven cases, air hunger in

15, both in 16, and neither of these in seven). Dyspneic and
nondyspneic patients did not differ in terms of age, Simplified
Acute Physiology Score II, indication for mechanical ventilation,
respiratory rate, clinical examination, chest radiograph, or blood
gases. Dyspnea was significantly associated with anxiety (odd
ratio [OR], 8.84; 95% confidence interval [CI], 3.26–24.0), assist-
control ventilation (OR, 4.77; 95% CI, 1.60–4.3), and heart rate
(OR, 1.33 per 10 beats/min; 95% CI, 1.02–1.75). Adjusting venti-
lator settings improved dyspnea in 35% of patients. Successful
extubation within 3 days was significantly less frequent in pa-
tients whose dyspnea failed to recede after adjusting ventilator
settings (five [17%] vs. 27 [40%]; p " .034).

Conclusions: Dyspnea is frequent, intense, and strongly asso-
ciated with anxiety in mechanically ventilated patients. It can be
sensitive to ventilator settings and seems to be associated with
delayed extubation. (Crit Care Med 2011; 39:000–000)

KEY WORDS: mechanical ventilation, dyspnea, respiratory sen-
sations, patient anxiety, breathing pattern

1Crit Care Med 2011 Vol. 39, No. 9

Dyspnea in mechanically ventilated critically ill patients

Matthieu Schmidt, MD; Alexandre Demoule, MD, PhD; Andrea Polito, MD; Raphaël Porchet, MD;
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Communicative patients: the self-report
approach

Unidimensional tools: measure dyspnea
intensity

Self-evaluation of dyspnea requires to ensure the
patient is able to report dyspnea, to assess the pres-
ence or absence of dyspnea and if dyspnea is present,
to quantify its intensity.

In order to self-report dyspnea, the patient must
be conscious and able to interpret sensory stimuli
[20]. Clinical practice shows that conscious mechan-
ically ventilated patients are generally able to answer
simple questions about their respiratory sensations.

There is no clear criterion to attest that a patient
is communicative. In a pragmatic approach, a rea-
sonable awareness defined by Richmond Agitation
and Sedation Scale score [21] between !2 and þ2
associated with the absence of delirium according to
the Confusion Assessment Method for the ICU
(CAM-ICU) [22] are acceptable prerequisite.

The following step is to detect the presence of
dyspnea by dichotomic simple questions such as ‘do
you breathe well,’ ‘is your breathing comfortable,’
‘are you bothered by your breathing,’ ‘is your
breathing difficult’ and ensure that answers are
concordant between at least two questions [1].

The last step is to measure the intensity of the
dyspnea. Although more than 40 tools exist to assess

FIGURE 1. Neurophysiological mechanisms of dyspnea: imbalance between corollary discharges and sensory afferent
signals. The dyspnea results from an imbalance between the intensity of the central respiratory command and the information
given by the respiratory sensors coming from the lung, chest wall, respiratory muscles, airways and central and peripheral
chemoreceptors. A copy of motor information from the motor cortex or the brainstem is projected onto the somatosensory
cortex. Imbalance between corollary discharges (effort) and afferent signals is treated in the limbic system and leads to the
sensation of dyspnea. BRC, brainstem respiratory center; MN, motor neuron relay.
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• SBTの成功者と比較し、SBT失敗者の呼吸困難感は強い[1]。 
• NPPV患者の観察研究において、装着初期に中程度から重度の
呼吸困難感があることと、NPPV失敗または死亡と関連性があ
ることが報告されている [2]。  

• ICU退室後の患者が覚えている主なストレス経験の一つは呼吸
困難である [3,4]。 

• ICU退室後に患者がICUでの呼吸困難感を覚えていることと、
PTSD症状には関連がある[5]。 

• 人工呼吸期間が長いほどICU退室後の患者のPTSD症状スコア
が高い傾向にある [6]。

1：Chen YJ, Hwang, et al. (2017). Journal of psychosomatic research, 101, 

10-16. 
2：Dangers L, et al (2018). European Respiratory Journal, 52(2), 1702637. 
3：de Miranda S, et al. (2011). P Critical care medicine, 39(1), 112-118. 
4：Rotondi A J, et al. (2002).  Critical care medicine, 30(4), 746-752. 
5:Cuthbertson BH, et al. (2004). Intensive care medicine, 30(3), 450-455. 
6: Shaw RJ, et al. (2009). Psychosomatics, 50(6), 586-591.



というわけで、今回の論文

呼吸管難感といくつかのアウトカムとの間に関連がありそう 
にも関わらず、呼吸困難感は通常時はもちろん 
SBT中を含めてもICUでルーチンに測定されていない。
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Versailles Saint Quentin en Yvelines (AP, T. Sharshar),
Versailles, France; Assistance Publique–Hôpitaux de
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対象
medical patients admitted either to the ICU
(16 beds) of Raymond Poincaré University
Hospital (360 beds) or to the medical ICU (ten
beds) of the department of respiratory and ICU
at la Pitié-Salpétrière hospital (1800 beds)
over 6 months. The protocol was approved by
the legal and ethical body recognized by
French law (Comité de Protection des Per-
sonnes, Saint Germain en Laye, France),
which waived written informed consent.

Patients were eligible to participate in the
study if they had been mechanically ventilated
for !24 hrs—noninvasive ventilation excluded—
awake, according to the validated Adaptation
To the Intensive Care Environment (ATICE)
scale (17), and able obey to five simple com-
mands (“open/close your eyes,” “look at me,”
“open your mouth and put out your tongue,”
“nod your head,” and “raise your eyebrows
when I have counted up to five”). They were
included as soon as they fulfilled these condi-
tions. Patients were not included in the study
when communication was likely to be difficult
(auditory or visual impairment, insufficient
command of French) or when they were
known to have prior psychiatric or cognitive
disorders.

Study Procedure. During the study period,
the patients at the two ICU sites were system-
atically screened for inclusion in the study on
a daily basis, between 9 and 12 AM. Potential
candidates were studied and enrolled as soon
as they were sufficiently alert to answer the
previously described five commands. They
were only studied once during their ICU stay.

Assessment of Dyspnea, Anxiety, and Pain.
Once enrolled, the patients were first asked
“do you have trouble breathing”? If the answer
was yes, then they were asked to rate the
intensity by placing a cursor on a 10-cm visual
analog scale (VAS) bounded on the left by “no
respiratory discomfort” and on the right by
“intolerable respiratory discomfort.” The pa-
tients were then asked to choose “air hunger,”
“excessive respiratory effort,” or both, to char-
acterize their respiratory sensations. Finally,
they were presented with two additional
10-cm VASs to evaluate anxiety (“no anxiety”
to “intolerable anxiety”) and pain (“no pain” to
“intolerable pain”). When a patient under-
stood the principle of assessment but was un-
able to move the VAS cursor him- or herself,
the observer helped the patient by holding the
scale and supporting the patient’s forearm. If
the subject was unable to move their arms
(like in few cases with severe neuromuscular
impairment), the observers were allowed to
manipulate the VAS cursor following instruc-
tions given by the patient. However, this was
not recommended and avoided whenever pos-
sible. The cursor was never adjusted directly
or solely by the investigator.

Descriptive Variables. To describe the
study population, we recorded age, gender, the
severity of illness—Simplified Acute Physiol-
ogy score II—the indication for MV, the na-
ture of the patient–ventilator interface (oro-

tracheal intubation or tracheotomy), and the
duration of MV at the time of dyspnea assess-
ment. To describe the patients at the time of
assessment, we recorded heart rate, systolic
and diastolic blood pressure, respiratory rate,
and temperature. A detailed ”respiratory-
oriented“ physical examination was per-
formed, systematically noting the presence or
absence of auscultatory abnormalities, the
presence or absence of inspiratory neck mus-
cle activity, an inspiratory retraction of the
supraclavicular fossae or intercostal spaces, an
abdominal paradox, or a phasic activation of
upper airway dilators (genioglossus and alae
nasi). These signs were grouped into a single
variable, termed ”abnormal breathing dynam-
ics“ (coded 0 when none of the signs were
present and 1 when any of these were ob-
served). Blood hemoglobin and arterial blood
gases (PaO2, PaCO2) were recorded as well as
chest radiograph abnormalities. Finally, we
noted the type of tracheal tube and ventilator
settings, including the ventilatory mode, min-
ute ventilation, pressure support level, in-
spiratory flow, and positive end-expiratory
pressure. The duration of MV and the occur-
rence of successful extubation within the 3
days after the assessment of dyspnea were
gathered as well as the mortality rate and the
ICU length of stay.

Role of Ventilator Settings. When a patient
reported being dyspneic, the investigator im-
mediately informed the physician in charge. If
the physician chose to adjust the ventilator
settings, he was asked to do so in a standard-
ized and stepwise manner, including a re-
evaluation of the patient’s perceptions after
each change. No further setting alterations
were made after a given change had been
associated with a decrease in dyspnea. In pa-
tients receiving assist control ventilation
(ACV) mode, increases in tidal volume, in-
spiratory flow, and positive end-expiratory
pressure were subsequently tested. In patients
on pressure support ventilation, increasing
pressure support was first tested and then in-
creasing the sensitivity of the inspiratory trig-
ger. Arbitrarily, we considered that ventilator
settings were involved in the pathogenesis of
dyspnea when the postintervention VAS rating
was lower than the preintervention level by at
least 1 cm. The patients who fulfilled these
criteria/responded to ventilator changes and
nondyspneic patients were pooled into a com-
mon group that was subsequently compared
with the group of patients whose dyspnea
failed to recede in response to ventilator-
setting adjustments.

Statistical Analysis. Nonparametric data
were presented as median and interquartile
range.

The main outcome was dyspnea, catego-
rized as “present” or “absent” and therefore
defining two groups of patients. They were
compared using Fisher’s exact test for quali-
tative variables and the Wilcoxon rank sum
tests for quantitative variables. A multiple lo-

gistic regression with a backward stepwise
model selection was used to identify the fac-
tors independently associated with dyspnea.
All variables marginally associated with the
main outcome at the 0.20 level were consid-
ered and sequentially removed from the model
at the 0.05 level. Because dyspnea and anxiety
are closely related, the logistic regression was
repeated after exclusion of anxiety from the
model. Paired Wilcoxon tests were performed
to compare dyspnea, anxiety, and pain VAS
before and after adjusting ventilator settings
in the patients reporting dyspnea. Gray’s test
(18), with death on MV as a competing event,
was used to compare median durations of MV
between the two groups. All tests were two-
sided, and p values " .05 were regarded as
indicating statistical significance. The statisti-
cal analyses were performed using R 2.6.2 sta-
tistical package (The Foundation for Statisti-
cal Computing, Vienna, Austria).

RESULTS

Study Population. During the study
period, 557 patients were referred to the
two participating centers. One hundred
eighty-eight were mechanically ventilated
for !24 hrs (Fig. 1). Of those, 21 failed to
be screened for various reasons, and 71
were excluded. Among those excluded, 39
patients were considered unable to accu-
rately grade their dyspnea because of psy-
chiatric, acute or chronic cognitive disor-
ders or other reasons (insufficient
command of French, visual or auditive im-
pairment). Thirty-two other patients died
before regaining consciousness.

Ninety-six patients (age 61 # 18 yrs,
60% male) were included for final analy-
sis (Table 1). The median duration of MV
at the time of the study was 3 days (in-
terquartile range, 1–6). The two main
indications for MV were hypoxemic acute
respiratory failure (mainly resulting from
pneumonia) and the decompensation of
an underlying neuromuscular disease
(Table 1). Table 1 provides the variables

Figure 1. Flow chart of the study. ICU, intensive
care unit.
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＞24時間　人工呼吸を受けると予想される患者 

Adaptation to the Intensive Care 
Environment（ATICE）スケールで、覚醒して
いると評価される 

『開眼と閉眼』『私をみて』『口を開けて、舌
を出して』『頷いて』『私が5数える間眉毛を
あげて』の５項目ができる患者

適格基準

聴覚または視覚障害のある患者 

フランス語が理解できない患者 

精神疾患や認知機能疾患の既往

除外基準



症状の観察方法と呼吸器設定の変更
呼吸困難感の有無

はい

①症状の強さ　10cm VAS評価

②呼吸困難感の種類を選択（両方でも可）：“吸い足りない感じair hunger” “過剰な呼吸努力excessive respiratory effort”

ACV（assist control ventilation)モード：一回換気量・吸気流速・PEEPの増加 

自発呼吸モード：①PS（pressure support）②吸気トリガー感度の調節

患者は？

“do you have trouble breathing”

“no respiratory discomfort”  “intolerable respiratory discomfort.” 

③不安と痛みの評価：10cm VAS評価（不安なし～我慢できないほどの不安、痛みなし～耐えられない痛み）

呼吸の不快感はない 耐え難い呼吸の不快感

呼吸器設定変更後１cm以上呼吸困難感が改善した場合、呼吸器設定が関与していると判断した。



describing the patients at the time of the
study. A tracheotomy had been per-
formed before inclusion in 17 patients
(18%).

Prevalence and Risk Factors for Dys-
pnea. Forty-five patients (47%) reported
dyspnea. The median VAS dyspnea rating
was 5 (interquartile range, 4–7). There
were no significant differences between
patients with and without dyspnea in
terms of demographic variables, severity
of critical illness, or indication for me-
chanical ventilation (Table 1). Body tem-
perature, heart rate, and blood pressure
were also similar in both groups. Anxiety
and pain were more frequently reported
by dyspneic patients than by nondyspneic
ones (Table 2).

Dyspneic patients did not exhibit more
frequent abnormalities in breathing dy-
namics or more frequent ausculatory ab-
normalities than nondyspneic patients
(Table 2). This was also the case for chest
radiograph abnormalities. There was no
association between dyspnea and hemo-
globin, the PaO2/FIO2 ratio, or PaCO2 (Ta-
ble 2). Dyspneic patients were more fre-
quently mechanically ventilated with the
ACV mode than nondyspneic patients
(Table 2), but there was no other statis-
tically significant difference regarding
ventilatory settings (Table 2).

Multivariate analysis showed that dys-
pnea was independently associated with
anxiety (odd ratio [OR], 8.84; 95% confi-
dence interval [CI], 3.26 –24.0; p !
.0001), the ACV mode (OR, 4.77; 95% CI,
1.60–14.3; p " .005), and heart rate (OR,
1.33 per 10 beats/min; 95% CI, 1.02–1.75;
p " .038). Removing anxiety from the

model did not notably change the results
(assist-control: OR, 3.92, 95% CI, 1.53–
10.1, p " .005; heart rate: OR, 1.32, 95%
CI, 1.05–1.68, p " .019).

Dyspneic Modalities. Among the 45
dyspneic patients, 15 chose only “air hun-
ger” to characterize their respiratory dis-
comfort, seven chose “excessive respira-
tory efforts,” and six chose both these
descriptors. Seven patients reported hav-
ing breathing difficulties but did not
choose between these two descriptors.
This was not associated with any clear
differences between patients, although
five of the seven patients who chose “ex-
cessive respiratory efforts” only were un-
der ACV with an inspiratory flow rate
below 60 L/min#1.

Role of Ventilator Settings and Poten-
tial Causes for Dyspnea. Adjustments in
ventilator settings were performed by the
physicians in charge of the patients in all
those who reported dyspnea. Thirty-five
percent of these patients met the “1-cm
decrease in dyspnea rating” that was re-
quired to consider dyspnea responsive to
adjustments in ventilator settings. The
median reduction in dyspnea rating was
#4.6 cm (95% CI, #6.1 to #3.2; p "
.0005; Table 3). This dyspnea reduction
was accompanied by a significant de-
crease in the VAS rating of anxiety (#1.7
[#3.3 to #0.2]; p " .041) but not in the
VAS rating of pain ($0.3 [#0.7 to $1.2];
p " .79). In patients on ACV, increasing
tidal volume and/or inspiratory flow was
successful in partially alleviating dyspnea
in ten cases (22% of dyspneic patients)
and increasing positive end-expiratory
pressure was successful in one case (2.2%

patients). In patients on pressure support
ventilation, increasing pressure support
was successful in three cases (7%) and
increasing the sensitivity of the inspira-
tory trigger was successful in one (2.2%).

In the 29 dyspneic patients in whom
ventilator resetting was not successful,
dyspnea was ascribed to a specific cause
in only nine (31%) patients, including
partial endotracheal tube obstruction
(n " 3), atelectasis (n " 2), major pleural
effusion (n " 2), severe acute anemia
(n " 1), and pneumothorax (n " 1).

Clinical Outcomes. The median
length of ICU stay was greater in the
patients reporting dyspnea (8 [4–20] vs.
14 [8–28] days, p " .017). The median
duration of MV from inclusion to extuba-
tion, the rate of successful extubation
within the 3 days after inclusion, and
mortality rate were all comparable be-
tween patients with and without dyspnea.

The occurrence of successful extuba-
tion within the 3 days after dyspnea as-
sessment was significantly less frequent
in the patients whose dyspnea failed to
recede in response to ventilator setting
adjustments than in the other patients
(nondyspneic ones and those with a “re-
sponsive” dyspnea). The duration of MV
was not statistically different between
these two groups, whereas the length of
stay in the ICU tended to be longer when
dyspnea did not respond to ventilator ad-
justment (Table 4). In this category of
patients, neuromuscular disease tended
to be more frequent and chronic obstruc-
tive pulmonary disease less frequent. Age,
Simplified Acute Physiology score II at
admission, the duration of MV before in-
clusion, the intensity of dyspnea at base-
line, PaO2/FIO2 ratio, and ventilator mode
did not differ between the two groups
(Table 4).

DISCUSSION

Among the findings of this study, we
identify six salient elements regarding
dyspnea in MV: its high prevalence; its
intensity; its association with anxiety; its
relationships with ventilator settings in
one-third of cases; and its association
with delayed extubation.

Frequency of Dyspnea. Approximately
half of our patients indicated feeling dys-
pneic while mechanically ventilated (Ta-
bles 1 and 2), a frequency about twice
that of pain. The physical signs collected,
chest radiograph abnormalities, blood
gases, and the hemoglobin level were not
independently associated with dyspnea.

Table 1. Characteristics of the study population

Variable
Whole Cohort

(n " 96)
Dyspnea
(n " 45)

No Dyspnea
(n " 51) p

Male gender, no. (%) 60 (62) 29 (64) 31 (61) .83
Median age (IQR), years 64 (48–73) 57 (43–72) 68 (52–73) .24
Median Simplified Acute Physiology

Score II at admission (IQR)
43 (31–60) 43 (29–60) 43 (33–56) %.99

Indication for mechanical ventilation .57
Hypoxemic acute respiratory failure,

no. (%)
46 (48) 20 (45) 26 (51)

Decompensation of an underlying
neuromuscular disease, no. (%)

29 (30) 17 (38) 12 (24)

Coma, no. (%) 10 (10) 4 (9) 6 (12)
Chronic obstructive pulmonary

disease, no. (%)
7 (7) 2 (4) 5 (9)

Others, no. (%) 4 (4) 2 (4) 2 (4)
Tracheotomy, no. (%) 17 (18) 7 (16) 10 (20) .79
Median time from onset of mechanical

ventilation (IQR), days
3 (1–6) 3 (1–6) 3 (1–6) .23

IQR, interquartile range.
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This indicates that, in this setting, dys-
pnea should be actively sought, yet in
contrast to pain that is a major determi-
nant of ICU-related posttraumatic mani-
festations (19), breathing difficulties are
not listed among ICU stressors (20, 21).
However, in one post-ICU recollection
study, 22% of 75 patients remembered
“not getting enough air from their endo-
tracheal tube,” something that bothered
them “moderately or extremely” in 92%
of cases (19). Recent data suggest that
negative respiratory-related experiences
can play an important role in the patho-
genesis of ICU-related posttraumatic syn-
dromes (22, 23). Of note, the prevalence
of dyspnea in our patients might have
been either overestimated because many
of our patients had underlying respira-
tory disorders or underestimated because
we did not perform repeated assessments.

Intensity and ‘Quality’ of Dyspnea.
With VAS ratings of !4 in 70% of cases,
dyspnea appeared to qualify as “moderate
to intense.” Similar pain ratings are an
indication for analgesia (24). Only two
verbal descriptors for their respiratory
discomfort were proposed to our patients
and we did not perform sophisticated psy-
chophysical assessments. In particular,
we did not attempt to separate the sen-
sory and affective components of dyspnea
(25). However, we note that they often
chose “air hunger” to describe their re-
spiratory sensation, which has been
shown to be more unpleasant than the
sense of excessive inspiratory effort for a
given sensory intensity during experi-
mental dyspnea (25). The very strong
emotional impact of the ICU environ-
ment is a likely source of major dissoci-
ation between sensory and emotional
components (26). This could have impor-
tant implications in terms of care because
sensory-affective discrepancies could ex-
plain either large effects of small inter-
ventions or conversely the failure of ap-
parently adequate interventions to be
efficient.

Dyspnea and Anxiety. Dyspnea
strongly correlated with anxiety, which
stresses the clinical relevance of the is-
sue. Anxiety and dyspnea have never been
concomitantly assessed in mechanically
ventilated patients, previous studies hav-
ing concentrated on the relationships be-
tween anxiety and other sources of MV-

related discomfort such as extubation or
suctioning (1, 16). The interplay between
anxiety and dyspnea is complex and caus-
ative relationships can exist in both di-
rections. Anxiety and fear stimulate ven-
tilation and can thus produce dyspnea (7,
27). ICU and particularly MV are fearful
experiences associated with diffuse anxi-
ety (8) that can cause posttraumatic
stress disorder (28, 29). In this view,
some of the respiratory discomfort de-
scribed by our patients could represent a
nonspecific manifestation of anxiety.
Anxiety-relieving interventions could
thus have a positive effect on respiratory
rhythm, as reported with music therapy
(30). Reciprocally, dyspnea generates
anxiety (1) and relieving dyspnea de-
creases anxiety (31). In line with this,
anxiety significantly decreased in those of
our patients who reported improvements
after adjustments of the ventilator set-
tings (Table 3). Therefore, relieving dys-
pnea is likely to have positive effects on
anxiety. Like with anxiety, pain was more
frequently experienced in dyspneic pa-
tients than in nondyspneic ones (Table
2). Pain also stimulates ventilation (32),
and its control could possibly have bene-
ficial effects on dyspnea. Because of this
interrelationship, we believe that anxiety,
dyspnea, and pain should be assessed sys-
tematically and together in mechanically
ventilated ICU patients.

Role of Underlying Disease. Neuro-
muscular diseases may have been over-

Table 2. Characteristics of the patients at the time of dyspnea assessment

Variable
Whole Cohort

(n ! 96)
Dyspnea
(n ! 45)

No Dyspnea
(n ! 51) p

Anxiety, no. (%) 44 (46) 32 (71) 12 (24) ".0001
If yes, median anxiety visual analog scale (IQR) 5 (4–7) 5 (4–7) 5 (4–6) .64
Pain, no. (%) 28 (29) 19 (42) 9 (18) .013
If yes, median pain visual analog scale (IQR) 5 (4–6) 5 (4–6) 5 (4–7) .62
Median heart rate (IQR), beats/min 93 (81–107) 98 (82–107) 87 (76–106) .15
Median respiratory rate (IQR), cycles/min 20 (17–25) 20 (18–28) 19 (17–24) .14
Median temperature (IQR), °C 37.3 (36.9–37.7) 37.3 (37.0–37.7) 37.2 (36.9–38.0) .86
Median systolic blood pressure (IQR), mm Hg 122 (110–137) 127 (110–140) 119 (108–134) .15
Median diastolic blood pressure (IQR), mm Hg 71 (59–83) 73 (60–88) 69 (58–76) .059
Abnormalities in breathing dynamics, no. (%) 22 (23) 11 (24) 11 (22) .81
Normal auscultation, no. (%) 35 (36) 16 (36) 19 (37) #.99
Median hemoglobin (IQR), g/dL 10 (9–12) 10 (9–13) 10 (9–12) .92
Median PaO2/FIO2 ratio (IQR) 236 (176–318) 228 (152–318) 241 (191–317) .42
Median PaCO2 (IQR), mm Hg 41 (35–55) 42 (38–55) 40 (34–50) .28
No radiograph abnormalities, no. (%) 25 (27) 13 (30) 12 (24) .49
ACV, no. (%) 54 (56) 31 (69) 23 (45) .024
Ventilator settings, no. (%) .094
Pressure support ventilation; pressure support "15 cm H2O 19 (20) 6 (13) 13 (25)
Pressure support ventilation; pressure support !15 cm H2O 23 (24) 8 (18) 15 (29)
ACV; inspiratory flow "60 L/min 23 (24) 15 (33) 8 (16)
ACV; inspiratory flow !60 L/min 31 (32) 16 (36) 15 (29)
Median minute ventilation, L/min (IQR) 9 (8–12) 10 (8–12) 9 (7–13) .87

IQR, interquartile range; ACV, assist-control ventilation.

Table 3. Effects of adjusting ventilator settings in
the patients reporting dyspnea

Parameter
Mean Variation, cm

(95% Confidence Interval) p

Dyspnea VAS $4.6 ($6.1 to $3.2) .0005
Anxiety VAS $1.7 ($3.3 to $0.2) .041
Pain VAS %0.3 ($0.7 to %1.2) .79

VAS, visual analogic scale.
Ventilator settings were considered involved

in the pathogenesis of dyspnea if and when the
postintervention VAS rating was inferior by at
least 1 cm to the preintervention one.
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This indicates that, in this setting, dys-
pnea should be actively sought, yet in
contrast to pain that is a major determi-
nant of ICU-related posttraumatic mani-
festations (19), breathing difficulties are
not listed among ICU stressors (20, 21).
However, in one post-ICU recollection
study, 22% of 75 patients remembered
“not getting enough air from their endo-
tracheal tube,” something that bothered
them “moderately or extremely” in 92%
of cases (19). Recent data suggest that
negative respiratory-related experiences
can play an important role in the patho-
genesis of ICU-related posttraumatic syn-
dromes (22, 23). Of note, the prevalence
of dyspnea in our patients might have
been either overestimated because many
of our patients had underlying respira-
tory disorders or underestimated because
we did not perform repeated assessments.

Intensity and ‘Quality’ of Dyspnea.
With VAS ratings of !4 in 70% of cases,
dyspnea appeared to qualify as “moderate
to intense.” Similar pain ratings are an
indication for analgesia (24). Only two
verbal descriptors for their respiratory
discomfort were proposed to our patients
and we did not perform sophisticated psy-
chophysical assessments. In particular,
we did not attempt to separate the sen-
sory and affective components of dyspnea
(25). However, we note that they often
chose “air hunger” to describe their re-
spiratory sensation, which has been
shown to be more unpleasant than the
sense of excessive inspiratory effort for a
given sensory intensity during experi-
mental dyspnea (25). The very strong
emotional impact of the ICU environ-
ment is a likely source of major dissoci-
ation between sensory and emotional
components (26). This could have impor-
tant implications in terms of care because
sensory-affective discrepancies could ex-
plain either large effects of small inter-
ventions or conversely the failure of ap-
parently adequate interventions to be
efficient.

Dyspnea and Anxiety. Dyspnea
strongly correlated with anxiety, which
stresses the clinical relevance of the is-
sue. Anxiety and dyspnea have never been
concomitantly assessed in mechanically
ventilated patients, previous studies hav-
ing concentrated on the relationships be-
tween anxiety and other sources of MV-

related discomfort such as extubation or
suctioning (1, 16). The interplay between
anxiety and dyspnea is complex and caus-
ative relationships can exist in both di-
rections. Anxiety and fear stimulate ven-
tilation and can thus produce dyspnea (7,
27). ICU and particularly MV are fearful
experiences associated with diffuse anxi-
ety (8) that can cause posttraumatic
stress disorder (28, 29). In this view,
some of the respiratory discomfort de-
scribed by our patients could represent a
nonspecific manifestation of anxiety.
Anxiety-relieving interventions could
thus have a positive effect on respiratory
rhythm, as reported with music therapy
(30). Reciprocally, dyspnea generates
anxiety (1) and relieving dyspnea de-
creases anxiety (31). In line with this,
anxiety significantly decreased in those of
our patients who reported improvements
after adjustments of the ventilator set-
tings (Table 3). Therefore, relieving dys-
pnea is likely to have positive effects on
anxiety. Like with anxiety, pain was more
frequently experienced in dyspneic pa-
tients than in nondyspneic ones (Table
2). Pain also stimulates ventilation (32),
and its control could possibly have bene-
ficial effects on dyspnea. Because of this
interrelationship, we believe that anxiety,
dyspnea, and pain should be assessed sys-
tematically and together in mechanically
ventilated ICU patients.

Role of Underlying Disease. Neuro-
muscular diseases may have been over-

Table 2. Characteristics of the patients at the time of dyspnea assessment

Variable
Whole Cohort

(n ! 96)
Dyspnea
(n ! 45)

No Dyspnea
(n ! 51) p

Anxiety, no. (%) 44 (46) 32 (71) 12 (24) ".0001
If yes, median anxiety visual analog scale (IQR) 5 (4–7) 5 (4–7) 5 (4–6) .64
Pain, no. (%) 28 (29) 19 (42) 9 (18) .013
If yes, median pain visual analog scale (IQR) 5 (4–6) 5 (4–6) 5 (4–7) .62
Median heart rate (IQR), beats/min 93 (81–107) 98 (82–107) 87 (76–106) .15
Median respiratory rate (IQR), cycles/min 20 (17–25) 20 (18–28) 19 (17–24) .14
Median temperature (IQR), °C 37.3 (36.9–37.7) 37.3 (37.0–37.7) 37.2 (36.9–38.0) .86
Median systolic blood pressure (IQR), mm Hg 122 (110–137) 127 (110–140) 119 (108–134) .15
Median diastolic blood pressure (IQR), mm Hg 71 (59–83) 73 (60–88) 69 (58–76) .059
Abnormalities in breathing dynamics, no. (%) 22 (23) 11 (24) 11 (22) .81
Normal auscultation, no. (%) 35 (36) 16 (36) 19 (37) #.99
Median hemoglobin (IQR), g/dL 10 (9–12) 10 (9–13) 10 (9–12) .92
Median PaO2/FIO2 ratio (IQR) 236 (176–318) 228 (152–318) 241 (191–317) .42
Median PaCO2 (IQR), mm Hg 41 (35–55) 42 (38–55) 40 (34–50) .28
No radiograph abnormalities, no. (%) 25 (27) 13 (30) 12 (24) .49
ACV, no. (%) 54 (56) 31 (69) 23 (45) .024
Ventilator settings, no. (%) .094
Pressure support ventilation; pressure support "15 cm H2O 19 (20) 6 (13) 13 (25)
Pressure support ventilation; pressure support !15 cm H2O 23 (24) 8 (18) 15 (29)
ACV; inspiratory flow "60 L/min 23 (24) 15 (33) 8 (16)
ACV; inspiratory flow !60 L/min 31 (32) 16 (36) 15 (29)
Median minute ventilation, L/min (IQR) 9 (8–12) 10 (8–12) 9 (7–13) .87

IQR, interquartile range; ACV, assist-control ventilation.

Table 3. Effects of adjusting ventilator settings in
the patients reporting dyspnea

Parameter
Mean Variation, cm

(95% Confidence Interval) p

Dyspnea VAS $4.6 ($6.1 to $3.2) .0005
Anxiety VAS $1.7 ($3.3 to $0.2) .041
Pain VAS %0.3 ($0.7 to %1.2) .79

VAS, visual analogic scale.
Ventilator settings were considered involved

in the pathogenesis of dyspnea if and when the
postintervention VAS rating was inferior by at
least 1 cm to the preintervention one.
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represented in our study respective to
previous surveys (33), because one of the
centers (i.e., Raymond Poincaré Teaching
Hospital) is specialized in the care of such
patients. However, the prevalence of dys-
pnea, its intensity, and its characteristics
did not seem to depend on the cause of
respiratory failure. This suggests that
dyspnea was not strongly related to
mechanisms specific to the underlying
respiratory disease. Indeed, patients with
neuromuscular disease rather report ex-
cessive inspiratory effort resulting from
weakness of respiratory muscles and con-
sequent increased neuromotor output
(34), whereas patients with chronic ob-
structive pulmonary disease tend to re-
port air hunger that is ascribed to the
hyperinflation-induced volume restric-
tion and consequent neuromechanical
uncoupling of the respiratory system (35,
36). However, we acknowledge that the
small number of patients with chronic
obstructive pulmonary disease patients in
our population prevented us from observ-
ing such a relationship.

Contribution of Ventilator Settings.
Dyspnea responded to changes in venti-
lator settings in 35% of our dyspneic pa-
tients, suggesting at least their partial
responsibility. There was an independent
association between dyspnea and the ACV
mode, and five of the seven patients who
chose “excessive respiratory effort” as the
sole descriptor of their dyspnea received
this ventilatory mode with an inspiratory
flow !60 L/min. This is not surprising
because this mode leaves almost no room

for natural respiratory fluctuations and
induces patient–ventilator dyssynchrony
(37). Conversely, positive pressure-
assisted ventilation (38), proportional-
assisted ventilation (38), and negative
pressure (39) in healthy subjects induce
less dyspnea. However, a study by Knebel
et al (12) reported that ACV and pressure
support ventilation were equivalent in
terms of dyspnea and anxiety. In our pa-
tients, the intervention that was the most
often associated with dyspnea relief was
an increase in inspiratory flow. This is in
line with data from normal volunteers
(40) in which low inspiratory flow is as-
sociated with higher inspiratory muscle
energy expenditure (41) and high inspira-
tory flow optimizes respiratory muscle
relaxation (42). Of note, since as early as
1994, clinical guidelines have mentioned
the importance of setting high inspira-
tory flows during ACV (43). Low pressure
support levels have also been associated
with a sense of excessive inspiratory effort
(44), and low tidal volumes are associated
with air hunger in normal subjects (45)
and in quadriplegics (46). We did not
observe these associations in our pa-
tients, possibly as a result of the small
size of the population, but this informa-
tion must be kept in mind given the gen-
eralized use of low tidal volume ventila-
tory assistance.

We did not find any significant rela-
tionship between dyspnea and PaO2,
PaCO2, MV-associated respiratory compli-
cations, anemia, etc. This does not mean
that these factors are clinically unimport-

ant on an individual basis, and larger
studies will be needed to establish in what
order and to what extent these elements
must be taken into consideration in clin-
ical practice.

Clinical Outcomes. In addition to a
longer ICU stay in dyspneic patents, we
observed that patients without dyspnea or
in whom dyspnea responded favorably to
the adjustment of ventilator settings were
more often successfully extubated within
the 3 subsequent days. This provides im-
portant clinical relevance to our setting
adjustment procedure. We acknowledge
that this procedure was rudimentary,
leading to a possible underestimation of
the number of patients in whom adjust-
ing the ventilator could have been help-
ful. We also acknowledge that this finding
should be confirmed in a larger cohort of
patients in whom a weaning procedure
would be standardized and controlled. Of
note, both participating centers used the
French guidelines on weaning (47) and
that dyspnea and its fluctuations were not
taken into account by the physician in
charge of deciding when to extubate.

This finding also suggests that an in-
trinsic dyspnogenic factor delayed extu-
bation in those patients whose dyspnea
failed to recede after the adjustment of
ventilator settings. In two-thirds of them,
no specific cause of dyspnea was identi-
fied despite investigations that the physi-
cians in charge of the patients decided to
conduct. This calls for specific studies of
which the aim would be to define what

Table 4. Characteristics and clinical outcomes as a function of the response of dyspnea to the adjustment of ventilator settings

No Dyspnea or Positive
Response to Ventilator

Setting Adjustments (n " 67)

Absence of Response to
Ventilator Setting

Adjustments (n " 29) p

Median length of intensive care unit stay (IQR), days 8 (4–23) 12 (9–24) .091
Median duration of mechanical ventilation (IQR), days 5 (2–17) 7 (4–18) .68a

No. (%) successful extubation within 3 days 27 (40) 5 (17) .034
Indication for mechanical ventilation .26

Hypoxemic acute respiratory failure, no. (%) 32 (48) 14 (48)
Decompensation of an underlying neuromuscular disease, no. (%) 17 (25) 12 (41)
Coma, no. (%) 8 (12) 2 (7)
Chronic obstructive pulmonary disease, no. (%) 7 (10) 0 (0)
Other, no. (%) 3 (4) 1 (3)

Median dyspnea visual analog scale at baseline inclusion (if dyspnea) (IQR) 5 (5–7) 5 (2–7) .11
Median Simplified Acute Physiology Score II at admission (IQR) 42 (33–58) 44 (26–60) .88
Median duration of mechanical ventilation before inclusion (IQR), days 3 (1–6) 3 (1–6) .67
Male gender, no. (%) 40 (60) 20 (69) .49
Median age (IQR), yrs 67 (52–73) 54 (41–72) .19
Median PaO2/FIO2 ratio (IQR) 236 (188–323) 238 (155–304) .63
Assist-control ventilation, no. (%) 36 (54) 18 (62) .51

IQR, interquartile range.
aGray’s test; p " .15 Wilcoxon test. The absence of response of dyspnea to the adjustment of ventilator settings was defined as the absence of a !1-cm

reduction in the visual analog scale scoring of the dyspneic sensation after this adjustment.
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改善しなかった群もともと呼吸困難なし 
または改善した群

3日以内の抜管％



Conclusion
人工呼吸中の患者の呼吸困難感は、
よくみられ、かつ強い症状で、不安
症状と強く関連している。また、人
工呼吸器設定により改善する可能性
があり、抜管までの期間が延長する
ことと関連があるかもしれない。



Limitation 
•１時点のみの調査であり、意識障害や鎮静から完全に覚醒する
前に呼吸困難を感じている患者が含まれていない 

•コミュニケーションが取りにくい患者の呼吸困難感に関しては
調査されていない 

•ツールの問題（ICUで評価されたものではない。感覚記述に焦
点をあてている） 

•Medical ICUにおける観察研究であり、かつ症例数も少ないた
め呼吸困難と人工呼吸期間、ICU滞在日数などのアウトカムと
の因果関係を決定づけるものではない



私見
• 呼吸困難は、せん妄や痛みに並ぶ大きな課題であると感
じた。 

• コミュニケーションが困難な患者の症状を客観的に測定で
きるツールが広がることで、この先研究等が大きく実施さ
れ臨床が変化していく可能性がある。


