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Dyspnea is an uncomfortable sensation with the potential to cause psychological trauma. Pa-

tients presenting with acute respiratory failure, particularly when tidal volume is restricted

during mechanical ventilation, may experience the most distressing form of dyspnea known as

air hunger. Air hunger activates brain pathways known to be involved in posttraumatic stress

disorder (PTSD), anxiety, and depression. These conditions are considered part of the post-

intensive care syndrome. These sequelae may be even more prevalent among patients with

ARDS. Low tidal volume, a mainstay of modern therapy for ARDS, is difficult to avoid and is likely

to cause air hunger despite sedation. Adjunctive neuromuscular blockade does not prevent or

relieve air hunger, but it does prevent the patient from communicating discomfort to caregivers.

Consequently, paralysis may also contribute to the development of PTSD. Although research has

identified post-ARDS PTSD as a cause for concern, and investigators have taken steps to

quantify the burden of disease, there is little information to guide mechanical ventilation stra-

tegies designed to reduce its occurrence. We suggest such efforts will be more successful if they

are directed at the known mechanisms of air hunger. Investigation of the antidyspnea effects of

sedative and analgesic drugs commonly used in the ICU and their impact on post-ARDS PTSD

symptoms is a logical next step. Although in practice we often accept negative consequences of

life-saving therapies as unavoidable, wemust understand the negative sequelae of our therapies

and work to minimize them under our primary directive to “first, do no harm” to patients.
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Imagine you have developed ARDS and
cannot breathe for yourself. A mechanical
ventilator supports you, giving small breaths.
Hypercapnia resulting from reduced tidal
volumes has increased your drive to breathe,
and stretch receptors in your lungs are telling
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you my breaths are too small. The sensation
of wanting—needing—to take in more air is
a form of dyspnea known as “air hunger,” a
very unpleasant symptom that is singular in
its ability to evoke acute anxiety, panic,
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around your bed and think, do these people know I’m not
getting enough air? Because you are sedated and unable
to follow what is happening to you, you start to wonder
are these people trying to kill me?

Of course, your physicians are doing their best to protect
your lungs with smaller breaths, but you may not
understand that. They are concerned about your comfort
and want to improve the situation. To improve the
situation, the team gives you more sedation, but you still
have trouble breathing comfortably on the ventilator, so
they institute neuromuscular blockade to paralyze your
breathing muscles. Someone says, “The patient looks more
comfortable now,” as they walk out of your room. You
now have no way to communicate your discomfort.

Some physicians still believe that contraction of respiratory
muscles is the primary cause of dyspnea,2 although that
theory was disproven years ago.3,4 Current evidence shows
that air hunger arises from an increase in respiratory drive
projecting to the cerebral cortex, and it is normally offset
by increased tidal inflation of the lungs. Paralysis does not
reduce your air hunger because air hunger does not arise
from your respiratory muscles.4 Your care team may not
even be considering the possibility of persistent dyspnea
after starting the paralytic.5

We hypothesize that some patients suffer unnecessary but
long-lasting psychological sequelae, such as depression,
anxiety, and posttraumatic stress disorder (PTSD), from
dyspnea that persists despite pharmacologic sedation
during severe acute respiratory failure. Dyspnea, in
particular air hunger, is a potentially psychologically
traumatizing sensation6 that is not necessarily relieved by
mechanical ventilation, sedation, and other routine
therapies for respiratory failure, which can also serve to
worsen these symptoms. We fear that administration of
neuromuscular blocking agents (paralytics), which do not
relieve dyspnea, may exacerbate this problem because both
patient communication and observable signs of dyspnea
are obliterated.3,4 Efforts to better understand this problem
can lead to development of treatment protocols that retain
the benefits of therapies for refractory respiratory failure
while minimizing psychological trauma.
Why Might ARDS Be Linked to Adverse
Psychiatric Outcomes?

Critical Illness, Dyspnea, and Air Hunger Can Be
Psychologically Traumatizing

Air hunger is uncomfortable and induces anxiety and
fear,1,7 presumably as an evolutionary adaptation to
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ensure a prompt behavioral response to threatened
homeostasis of blood gases. This primal sensation can be
so distressing that the emotional response has been
exploited in methods of torture.6 There is evidence that
air hunger is the most common form of dyspnea in non-
ICU patients8 and in ICU patients being mechanically
ventilated.9

The hypothesis that air hunger during mechanical
ventilation for respiratory failure is an important
causative factor in post-ICU psychological sequelae
is driven by: the potential for psychological trauma;
post-ICU patient recall of frightening air hunger;
and the observation that PTSD has been correlated
with recall of dyspnea in ICU and ARDS
survivors.10,11

As clinicians, we aim to relieve distress; nonetheless,
clinically significant symptoms of PTSD, including
nightmares and flashbacks of dyspnea, are estimated to
occur in about 22% of general ICU survivors and are
considered part of the post-intensive care syndrome.12-16

These symptoms can coexist with depression, anxiety,
and other behavioral disorders, and are correlated with
recalled respiratory distress during the ICU stay and
with duration of mechanical ventilation.10,17 They may
be even more common among survivors of ARDS.11,18-20

Individual patient factors also contribute to the
likelihood of developing PTSD. Patients with preexisting
common psychiatric diseases seem to be at higher risk of
developing posttraumatic stress following critical illness,
mechanical ventilation, and ARDS.15,19
Air Hunger Stimulates Brain Regions Involved in
the Development of PTSD

The Diagnostic and Statistical Manual of Mental
Disorders defines PTSD as a collection of intrusive
distressing symptoms in response to an extreme stressor
or traumatic event, characterized by its capacity to
provoke fear, helplessness, or horror in response to the
threat of injury or death. Symptoms include frightening
thoughts, images, perceptions, and dreams of the
stressor or event, which can be associated with re-living
of the experience (flashbacks, nightmares), avoidance of
reminders of the event, and a negative view of the
future.21

Air hunger activates the principal cortical regions
comprising the “salience network”22: the anterior insula,
anterior cingulate cortex, and amygdala.23,24 These are
regions of the brain that integrate external stimuli and
emotions in a manner necessary to sustain homeostasis
[ 1 5 9 # 2 CHES T F E B R U A R Y 2 0 2 1 ]



and survival.25 The salience network is known to be
involved in the development of PTSD.26,27

Post-ICU PTSD symptoms are strongly linked with
memories of “in-ICU frightening experiences.”10,13

Qualitative studies of recalled experiences suggest that
air hunger plays a central role. In a study of 30 patients
who experienced dyspnea during mechanical ventilation
following cardiac surgery, 83% reported having a
“mortal fear of death” during and following an acute
episode of dyspnea.28 In another study of 126 ICU
survivors, 39% recalled feeling at risk of imminent death,
and 55% recalled feeling they were being suffocated.29

A schema illustrating the hypothesized connections
between mechanical ventilation and psychological
trauma is shown in Figure 1.

Dyspnea Is Associated With PTSD Symptoms

Dyspnea and, inconsistently, duration of mechanical
ventilation, have previously been associated with
development of PTSD symptoms.6,10,13,17,28 A study of
80 ARDS survivors showed a correlation between
recollection of traumatic experiences, including dyspnea
or respiratory distress, and subsequent PTSD
symptoms.11 The conscious and subconscious
psychological responses to dyspnea, including memories
of frightening ICU experiences, may also contribute to
the associated long-term psychiatric sequelae of ICU
care that have been described in post-intensive care
syndrome and are common following ICU stay and
ARDS.14,19,20,29-33

One study following up 196 survivors of critical illness
for a median of about 3 years found that 52% had
prolonged psychiatric symptoms: 38% had symptoms of
generalized anxiety, 32% had symptoms of depression,
and 23% had symptoms of PTSD.19 Another study,
specifically of ARDS survivors, found that of 102
chestjournal.org
patients who underwent neuropsychiatric evaluation 1
year following hospitalization, 36% had depression,
62% had anxiety, and 39% had PTSD.31

“Low” Tidal Volume Is Relative

A healthy adult at rest may comfortably take tidal
volumes of 6 to 8 mL/kg of ideal body weight and will
increase tidal volume as part of a normal physiological
response to conditions requiring increased oxygen
delivery and minute ventilation, such as exercise or
systemic illness. When lung tissue is injured or inflamed
and gas exchange is impaired, as in ARDS, neural input
from chemo-, lung, and chest wall receptors can increase
respiratory drive and give rise to the sensation of
dyspnea,34 reflexively stimulating further increases in
tidal volume.9 Patients receiving mechanical ventilation
via an endotracheal tube will not have control over
inspiratory flow rate, and airflow will not stimulate
“cool” receptors in the upper airway; both factors can
contribute to the feeling of inadequate tidal volume.35,36

This combination of underperceived tidal volume and
increased drive can provoke air hunger at the tidal
volumes typically used in lung protective ventilation,
which may be 6 mL/kg ideal body weight or less.
Relief From Dyspnea Can Conflict With Lung-
Protective Ventilation

To the best of our knowledge, no studies have examined
the relationship of low tidal volume ventilation strategies
to adverse psychiatric outcomes; however, there are
numerous reasons to think a link may exist. Low tidal
volume ventilation strategies conflict with the most
straightforward form of symptomatic relief from
dyspnea: a bigger breath.37 Patients with ARDS who are
receiving low-tidal volume breaths are more likely to
experience dyspnea and more likely to be mechanically
ventilated for a prolonged period of time, which may put
Figure 1 – Proposed pathways from ARDS to
adverse psychiatric outcomes among survivors.
Respiratory failure due to ARDS symptomat-
ically presents with dyspnea, a symptom
known to cause psychological trauma. Me-
chanical ventilation at low tidal volumes, a
therapy which can itself lead to dyspnea, is a
mainstay of treatment for ARDS. It is un-
known whether adjunctive therapies for ARDS
such as paralytics, prone positioning, or
ECMO may lead to psychological trauma
either through increased dyspnea or other
pathways. Black arrows indicates known
pathways; gray arrow indicates unknown
possible pathways. ECMO ¼ extracorporeal
membrane oxygenation.
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them at increased risk for development of PTSD
symptoms.25

Acute hypercapnia can also be a powerful provocation
for breathing discomfort. In a large international
cohort,38 PCO2 > 60 mm Hg was present at the time of
ARDS diagnosis in 13.3% of patients. Healthy patients
prevented from taking bigger breaths characterize the
experience of hypercapnia as “like suffocation,” feeling
“starved for air,” and “air hunger.”7 Hypercapnia can
often be corrected by increasing the respiratory rate;
nevertheless, permissive hypercapnia to maintain low
tidal volumes is still occasionally necessary.38 Although
patients may eventually adapt to higher PCO2,

39

adaptation requires several days, making acute rises in
PCO2 especially problematic.

Sedatives May Not Be Adequately Protective

Patients who are mechanically ventilated are routinely
sedated in hopes of avoiding discomfort, but sedation
and amnesia may be incomplete. For example, some
patients treated with paralytics remember aspects of
their care despite the accompanying heavy sedation,40,41

and they may experience a loss of a sense of reality, a
sense of victimization and loss of control over their own
bodies, and blurring of the line between life and death.
Benzodiazepines, which are frequently used for sedation
in the ICU, have a negligible effect in treating discomfort
from dyspnea.42

We must also remember that in critically ill patients,
excessive sedation may be harmful and increase the risk
of psychological sequelae.43,44 In a trial of general ICU
patients who were mechanically ventilated, those
receiving no sedation had significantly reduced
duration of mechanical ventilation and ICU length of
stay.45 As patients with ARDS shift from acute illness
toward recovery, daily spontaneous awakening and
breathing trials, which allow patients to relieve dyspnea
symptoms by consciously or subconsciously taking
larger tidal volumes, can reduce the duration of
mechanical ventilation, symptoms of PTSD, and length
of stay.46,47

Drugs With Antidyspnea Effects May Hold Promise

It is important to make the distinction between sedation,
pain relief, dyspnea relief, and relief from traumatizing
stress. Because different drugs provide varying levels of
dyspnea relief, the drugs selected for sedation during
mechanical ventilation may modify risk of PTSD. Unlike
benzodiazepines, opiates are more likely to provide relief
from dyspnea and have not been independently linked
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to the development of post-ICU PTSD. Low doses of
opioids have been shown to reduce symptoms of air
hunger and breathlessness in both acute and chronic
states of dyspnea,48,49 and an animal model of
physiological and emotional stress has shown behavioral
and structural neurologic benefits associated with use of
morphine.50

Propofol, a highly effective amnestic sedative, has been
shown to be relatively ineffective at suppressing
activation of the amygdala; that is, patients may still
develop maladaptive fear responses to stimuli in the
absence of conscious memories.51,52 Although its effect
on dyspnea has not been studied, deep sedation with
propofol fails to diminish pain-related activations in the
cerebral cortex.53 Further study of our commonly used
sedatives and analgesics, many with complex and poorly
understood pharmacodynamic parameters, may thus
reveal ways to prevent adverse psychological sequelae
without sacrificing necessary aspects of critical care. For
example, the effects of sedatives such as propofol,
ketamine, or dexmedetomidine on post-ICU psychiatric
disease are largely unknown.54

Delirium and Corticosteroids May Mitigate Risk of
PTSD

Although delirium has not been independently
associated with development of PTSD or other
psychiatric outcomes, it commonly complicates critical
illness and mechanical ventilation and has been
associated with longer ICU stays and prolonged
duration of mechanical ventilation.14,55 Delirium has
been associated with cognitive impairment and
functional disability following ICU stays,55,56 which may
predispose to psychiatric disease. Patients have reported
bizarre, persecutorial, or traumatic memories of
mechanical ventilation40 that may be secondary to
delirium and could plausibly serve as anchor memories
for the intrusive symptoms described in PTSD. Use of
benzodiazepines has been independently associated with
both the development of delirium57 and post-ICU
PTSD,13 although no causal link between the two has
been established.

Stimulation of the hypothalamic-pituitary-adrenal axis
and the release of cortisol is part of the brain’s response
to extreme stress.58 Some studies suggest that
corticosteroids protect against post-ICU PTSD, whereas
other studies have found no effect.19,30,59 Administration
of corticosteroids in the ICU have been associated with
delirium in acute lung injury.60 Further research is
clearly needed.
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Research on the Psychological Effects of
Neuromuscular Blockade in ARDS Is Limited

Neuromuscular blockade is estimated to be used in
21.7% of all ARDS cases and 37.8% of severe cases
worldwide38; little is known about its possible effect on
post-ICU psychiatric disease. A confounding factor is
that receipt of paralytics may be a marker of disease
severity. One small observational study of 24 patients
showed no association between disease severity and
psychiatric outcome; however, it did show an association
between psychiatric sequelae and both higher sedative
doses and longer duration of neuromuscular blockade.61

The Systemic Early Neuromuscular Blockade (ROSE)
study18 was the first major clinical trial to examine
psychological outcomes following mechanical
ventilation in ARDS, and despite relatively small sample
sizes at 6- and 12-month follow-up (total of 267 and 197
patients, respectively), the trial provided more post-
ARDS psychological data than previous studies. Patients
in both the paralytic arm and the control arm
remembered feeling their breathing tube, feeling pain,
having disturbing dreams, and having anxiety; patients
in the control arm were slightly more likely to remember
their ICU stay and have disturbing dreams compared
with the intervention group. At 6-month follow-up,
scores on the Post-Traumatic Stress Syndrome (PTSS)
14-question screening tool62 were high in both groups,
with 31 of 122 (25.4%) control patients and 38 of 145
(26.2%) intervention patients having high PTSS scores >
45, indicating a higher likelihood of PTSD-like
symptoms. At 12 months, there was substantial loss to
follow-up, but high PTSS scores remained common in
both groups: 38 of 94 (40.4%) control patients had high
scores compared with 21 of 103 (20.4%) intervention
patients (95% CI for the difference, 7.4-32.6).

An important takeaway from the ROSE study
supplementary material18 is that the incidence of
significant psychological trauma was high in both
groups of patients with ARDS who were mechanically
ventilated. However, it is curious that the prevalence of
PTSD symptoms rose in the control group at 12 months.
One possible explanation is that patients not
experiencing PTSD were more likely to drop out;
another possible explanation is that paralyzed patients
were more heavily sedated or received more opiates, as
evidenced by lower scores on the Richmond Agitation-
Sedation scale prior to the initiation of paralysis.63 It is
possible that more drugs with antidyspnea effects
(namely opiates) were used to achieve deeper sedation in
the intervention group. Deeper sedation may also have
chestjournal.org
provided more effective amnesia, reducing conscious
recollection of events, although trauma may have still
been experienced subconsciously.

Anticipated Future Advances

Psychological Outcomes Must Be Measured in
Clinical Trials

Until the ROSE trial,18 most investigations of ARDS
interventions had not examined long-term psychiatric
outcomes. Causal links between development of post-
ARDS psychological sequelae, disease symptoms, and
interventions such as low tidal volume ventilation,
neuromuscular blockade, prone positioning, or
extracorporeal membrane oxygenation, have not been
well examined but should be a focus in future studies.
(One study from Italy,64 however, did report high rates
of PTSD, depression, and anxiety symptoms among
both ARDS survivors who received veno-venous
extracorporeal membrane oxygenation and their
caregivers.) Interventions that may plausibly reduce the
risk of PTSD, such as the use of opiates with known
antidyspnea effects and/or drugs such as
dexmedetomidine or ketamine, are equally in need of
rigorous investigation.

Clinical Education Must Focus On Dyspnea
Management

Educational interventions for ICU clinicians, including
physicians, nurses, respiratory therapists, and
pharmacists, can target the challenging aspects of
dyspnea management. Such interventions may help with
awareness of situations that could lead to air hunger,
such as low tidal volume ventilation and neuromuscular
blockade, and improve recognition of often-missed65

dyspnea in patients who are ventilated. Recognizing that
treatment of ARDS should include symptom
management in addition to improved oxygenation
through lung-protective therapies may help clinicians
consider antidyspnea as well as sedative and analgesic
effects when choosing drugs.

Other educational interventions targeting factors that
could plausibly mitigate risk of post-ICU psychological
sequelae and are otherwise beneficial, such as prevention
of delirium and enhanced communication (even with
sedated patients), should be seriously considered as well.

Observational Data Are More Powerful Than Ever

Technological advancements have allowed the collection
of massive amounts of clinical and physiological data
obtained in the ICU that can be linked to patient-
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centered outcomes in the postacute care period. Wider
availability of large, multi-site datasets containing
clinical data and waveforms from computerized
ventilators can allow investigators to retrospectively link
specific breathing patterns, ventilator settings, drugs,
and other treatments to symptoms and other outcomes
such as PTSD, depression, or anxiety. These data can
inform prospective randomized trials looking at effects
of different sedation, analgesia, and multifaceted
antidyspnea strategies (including drugs and ventilator
settings) on subsequent mental health outcomes in
patients with ARDS. For example, large clinical datasets
collected in the delivery of routine critical care could be
used to further investigate the possible PTSD-sparing
effects of corticosteroids reported in small trials66,67 and
the poorly understood mechanisms of sedative and
analgesic drugs.

Large physiological datasets, such as from ventilators,
could be used to determine whether changing ventilator
parameters such as inspiratory flow36 can reduce
dyspnea and long-term sequelae while remaining within
the pressure and volume constraints imposed to
minimize lung damage. Study of the neuro-physiological
basis of ventilator asynchrony and phenomena such as
entrainment, characterized as respiratory efforts that are
subconsciously matched to rhythms experienced by the
body,68 may also provide new avenues for investigation.
For example, music therapy, which introduces an
external auditory rhythm, has been associated with
reduced anxiety in patients who are mechanically
ventilated.69
We Must Learn What We Can From Coronavirus
Disease 2019

Coronavirus disease 2019 will unfortunately lead to tens
of thousands around the world requiring mechanical
ventilation for ARDS from viral pneumonia, creating
massive potential for psychological trauma and mental
health sequelae.70 Early studies from Italy suggest that
psychiatric sequelae following coronavirus disease 2019
infection are common.71

However, the pandemic creates opportunity for research
(eg, through clinical trials or retrospective analyses
permitting causal inference) into the pathophysiology of
post-ICU mental illness, risk factors, and disparities.72

Long-term data collected on these patients, whether as
part of research studies or in the delivery of clinical care,
must be used wisely so that the death and suffering
brought on by the global pandemic are not in vain.
754 Special Features
Improving Mental Health After the ICU

Given the inherent severity of disease in ARDS,
preventing traumatic experiences altogether may be
impossible, and we thus must recognize that post-ICU
mental illness will occur. Identifying ARDS survivors at
risk for post-ICU psychiatric disease and evaluating
them appropriately with validated screening and
diagnosis tools are essential in both clinical care and
research. Post-ICU clinics73 with multidisciplinary
efforts to manage post-intensive care syndrome12 are
considered beneficial and should be encouraged,
although further study is needed in both ARDS and
general ICU survivors to determine how to best improve
post-ICU outcomes. Symptom measurement, including
dyspnea in the ICU, traumatic memories, and symptoms
of PTSD, depression, and anxiety among survivors, is
also critical for both research and clinical care in both
the ICU and the post-ICU setting.

Secondary prevention efforts to address PTSD
symptoms in the general post-ICU population, such as
trials of counseling 74 and diary programs,75 have, at
best, seen limited success. Support of ongoing research
in the post-intensive care setting will be critical to our
understanding of psychological trauma in the ICU and
ways to prevent psychological sequelae from it.

Conclusions
Minimizing physical harm and mortality are
fundamental goals of critical care interventions, but the
risk of psychiatric morbidity in the survivors should not
be forgotten. Financial and logistical constraints of
clinical trials make studying long-term mental health
sequelae of our treatments difficult, but we believe this
must be an important consideration in the design of
trials moving forward. Given the particularly high
potential for psychological trauma among ARDS
survivors following ICU care, we must be thoughtful in
recommending low tidal volumes, paralysis, or other
uncomfortable therapies in the presence of preexisting
dyspnea and be attentive to the best approaches to
mitigate potential complications. Antidyspnea
interventions, such as opioids, must be considered along
with sedation and analgesia in patients with severe
respiratory failure. Furthermore, as we recall medicine’s
first principle to “do no harm,” it is essential that studies
of the management of these patients include prospective
examination of the long-term psychological effects that
may be associated with various approaches to sedation,
mechanical ventilation, and adjunctive therapies for the
treatment of severe ARDS.
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