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Abstract

Introduction: Acute respiratory distress syndrome (ARDS) is a severe form of acute lung injury
common in critically ill patients and characterized by significant morbidity and mortality. It
frequently manifests long-lasting effects beyond hospitalization, from cognitive impairment to
physical weakness.

Areas covered: Several complications of ARDS have been identified in patients after hospital
discharge. The authors conducted literature searches to identify observational studies,
randomized clinical trials, systematic reviews, and guidelines. A summary of is presented here
to outline the sequelae of ARDS and their risk factors with a focus on the limited but growing
research into possible therapies. Long term sequelae of ARDS commonly identified in the
literature include long-term cognitive impairment, psychological morbidities, neuromuscular
weakness, pulmonary dysfunction, and ongoing healthcare utilization with reduced quality of life.
Expert opinion: Given the public health significance of long-term complications following
ARDS, the development of new therapies for prevention and treatment is of vital importance.
Furthering knowledge of the pathophysiology of these impairments will provide a framework to

develop new therapeutic targets to fuel future clinical trials in this area of critical care medicine.

Keywords: ARDS, acute respiratory distress syndrome, critical illness, long-term outcomes,
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Article highlights

ARDS is a severe form of acute lung injury and critical iliness, and its impact reaches
beyond the immediate illness to impact survivors for years following hospitalization.
ARDS is associated with ongoing mortality risk following discharge from the hospital that
may be related to other complications of critical illness, such as muscular weakness.
Patients who suffer from ARDS often develop a persistent form of cognitive dysfunction
that can be severe and long-lasting. The strongest risk factor for this cognitive
impairment is the development and duration of delirium during critical illness.

In addition to cognitive impairment, ARDS patients can suffer from significant
psychological morbidities, including anxiety, depression, and PTSD.

One of the more debilitating impairments seen after ARDS is intensive care acquired
weakness (ICU-AW), a broad term encompassing critical illness myopathy and
polyneuropathy. These processes lead to muscle wasting and weakness that persists
and is associated with greater long-term mortality following ARDS.

ARDS survivors also experience greater use of healthcare resources and re-
hospitalizations following their-iliness, which is coupled with a significant reduction in

quality of life following their disease that may not improve to pre-iliness levels.



1. Introduction

Originally described in 1967 by Ashbaugh and colleagues, the acute respiratory distress
syndrome, or ARDS, is a significant cause of mortality and morbidity in critically ill patients
worldwide.[1] ARDS is defined as acute respiratory failure with bilateral opacities on imaging of
the chest not due to cardiogenic sources, atelectasis, or volume overload, with significant
hypoxemia, measured as a partial pressure of oxygen (Pa0O,) to fraction of inspired oxygen
(FiO,) ratio (PaO,/FiO,) ratio of < 300 mmHg with PEEP or CPAP = 5 mmHg while receiving
invasive or non-invasive mechanical ventilation.[2] ARDS has a multitude of potential etiologies,
including sepsis, pneumonia, massive transfusion, surgical insult, and trauma.[2] The incidence
of the syndrome varies between studies depending on the care setting and the methods of
measurement used. In a United States based cohort, the age-adjusted incidence was 86.2
cases per 100,000 person years, while in [3] the multinational Large Observational Study to
Understand the Global Impact of Severe Acute Respiratory Failure (LUNG-SAFE), 10.4% of
ICU admissions were due to ARDS, with the prevalence increasing to 23.4% of admissions for
patients requiring mechanical ventilation.[4] The incidence of ARDS may be decreasing
overall.[5] This fall in incidence of ARDS has been attributed to multiple improvements in critical
care practice, including low tidal volume ventilation[6-8], restrictive blood product transfusion
practices[9,10], and early resuscitation with appropriate antimicrobial administration in patients
with sepsis.[11]

In addition to decreased incidence of ARDS with clinical advances, mortality related to
ARDS is also declining due to improvements in clinical care.[12] Despite these advances in the
care of critically ill patients, survivors of ARDS experience significant long-term impairments
(those continuing after hospital discharge) and high mortality in the first year beyond the initial
critical illness. Common morbidities seen in survivors of ARDS include cognitive and
psychological impairment, physical disability with reduced exercise capacity and muscle

wasting, pulmonary function impairments, as well as poor quality of life and ongoing healthcare



utilization (Figure 1). Most commonly, these issues arise from the downstream effects of
treatment, such as mechanical ventilation, sedation, and immobility, or potentially as secondary
effects from aspects of the disease process such as refractory hypoxemia. These impairments
can persist for years following ARDS, with increased healthcare costs even in previously healthy
persons.[13,14] To characterize these morbidities, a comprehensive PubMed search was
performed using the following keywords or medical subject headings (MESH) in multiple

iterations: "acute lung injury (ALI)", "acute respiratory distress syndrome (ARDS)", "acute

"o« »on non

hypoxemic respiratory failure", “critical illness”, "outcomes", “long-term mortality”; "cognitive

impairment”, "neurocognitive", "psychology", “psychiatric, “depression”, “post-traumatic stress

disorder”, "ICU-acquired weakness", “critical illness myopathy”, “critical illness polyneuropathy”,
"pulmonary function", “fibrosis”, “exercise capacity”, "healthcare utilization", “health-related
quality of life”, and “employment”. This narrative review details the clinical evidence of the long-
lasting effects of ARDS, describes the various patient domains that are impaired in survivors
and the risk factors for these impairments (Table 1), discusses possible future treatment

strategies, and outlines expectations for potential advances in clinical care and research in the

ensuring years.

2. Late mortality
In-hospital mortality rates for ARDS have been improving over the last several decades,

from approximately 40% in early studies of the disease to now approximately 25% in more
recent studies. [12] Despite declining in-hospital mortality in critically ill patients, ICU survivors
continue to have an increased risk of death in the months to years following their illnesses as
compared to their non-critically ill and healthy counterparts.[15-17] These trends are also
demonstrated in ARDS patients. Herridge et al and Khandelwal et al demonstrated mortality
rates of 11% at one-year and 15% at three-years post-ARDS, respectively.[18,19] The

development of ARDS is clearly a risk factor for death after ICU discharge. For example, Biehl



and colleagues evaluated the long-term survival of hospital-acquired ARDS patients as
compared to matched controls without ARDS and found that survival was worse in those with
hospital-acquired ARDS at both 90-days and 6-months (adjusted hazard ratio [HR] of 1.76; 95%
Cl: 1.2-2.5; P =0.002).[20] Similarly, Wang et al found that in patients hospitalized with ARDS,
one-year mortality was substantially greater than in-hospital mortality (41% vs 24%, P <
0.01).[21] Notably in this study, severity of illness measures, such as the Acute Physiology, Age,
Chronic Health Evaluation 1l (APACHE Il) score did not predict one-year mortality in multivariate
models. However, age, chronic co-morbidities, such as renal disease and malignancy, and
institutionalization prior to admission were all important predictors of late mortality, suggesting
that mortality after discharge may be linked to processes beyond the immediate
pathophysiology of ARDS.

The downstream complications of ARDS are predictive of long-term mortality as well. In
a prospective evaluation of the 5-year outcomes of ARDS survivors, skeletal muscle weakness
at discharge was independently associated with worse 5-year survival.[22] This finding was
consistent whether muscle weakness persisted or resolved in the post-ICU period. Hermans
and colleagues also demonstrated higher one-year mortality for critically ill patients with ICU-
acquired muscular weakness (ICU-AW), a common complication of ARDS and critical
illness.[23]

The role of muscle weakness, aging, comorbidity, and functional dependency as
biological precipitants of late mortality in ARDS is not well understood. Muscular weakness is
associated with pharyngeal dysfunction leading to symptomatic aspiration and poor nutrition,
which can contribute to significant morbidity and mortality.[24] More globally, it is likely that
these sequelae are reflective of impaired homeostasis and the complex interplay of individual
patient vulnerability, acute insults, critical illness, and iatrogenesis. These pathways intersect in
the phenomenon of frailty, a syndrome of reduced physiological reserve and increased

susceptibility to acute stressors,[25] which is linked to long-term mortality in survivors of critical



illness.[26] This hypothesis is reinforced in a recent study by Hope and colleagues from the
Lung Injury Prevention Study with Aspirin cohort.[27] This study demonstrated that pre-hospital
vulnerability as assessed by the Vulnerable Elders Survey (VES),[28] which measures
limitations in physical function, self-reported health, and disability, was a strong and significant
predictor of one-year mortality in patients with ARDS. By contrast, there was no association
between pre-hospital vulnerability and development of ARDS or with 28-day mortality. Pre-
existing vulnerabilities and limitations in physical function and activities of daily living,
compounded by the sequalae of critical illness, seems to lead to an accumulation of worsening
health and frailty in the months to years following ARDS. The development of these interrelated
impairments may suggest a potential final common pathway to the late mortality seen in ARDS

survivors.

3. Long-term cognitive impairment

Long-term cognitive impairment is a particularly debilitating morbidity in survivors of
ARDS.[29] Estimates of the prevalence of cognitive impairment following ARDS vary. Wilcox
and colleagues reported that over three-quarters of ARDS survivors had evidence of cognitive
impairment at discharge, with over half continuing to have evidence of cognitive impairment at
one-year follow-up-and one in five having persistent deficits at five years following ARDS.[29]
Similarly, Hopkins et al showed that at two years following ARDS, half of patients have
significant deficits in memory, executive function, and learning, with half the cohort performing
below the 6™ percentile in testing.[30] These impairments impact patients similarly regardless of
severity of illness, age, and education level.[31]

The risk factors for the development of cognitive impairment following ARDS are
multifactorial and inter-related (Table 1). These include pre-morbid clinical status such as
baseline neurocognitive function, interventions provided in the intensive care unit such as deep

sedation with benzodiazepines, and the underlying pathophysiology of critical illness and ARDS.



Pre-existing dementia or other neurocognitive pathology is a strong risk factor for post-ARDS
cognitive impairment, [32,33] though the actual prevalence of pre-existing cognitive dysfunction
is challenging to measure in critically ill patients and probably under-estimated.[34] Similarly,
hospitalization with acute illness is associated with a worse trajectory of cognitive function and
dementia in subsequent follow-up as compared to patients who are not hospitalized or undergo
non-urgent elective admissions.[35,36] The cognitive impairment that develops after ARDS
impacts multiple cognitive domains, from memory to attention to visuo-spatial ability.[30,33,37]
ARDS survivors also report significant deficits in memory, even up to 5 years following their
illness. [38,39] Needham and colleagues found that a third of ARDS survivors had evidence of
impaired memory along with deficits in executive function and attention at 6 months after their
illness with a quarter of survivors having similar deficits at one year follow-up. [40]

In addition to pre-existing neurocognitive disease, the development of delirium, an acute,
fluctuating disturbance in consciousness characterized by inattention and abnormal cognition
and perception, during acute illness is strongly and independently associated with long-term
cognitive impairment in both general critical illness and ARDS.[41] In critically ill patients, longer
duration of delirium is associated with greater cognitive impairment at 3 and 12 month follow-
up.[33] Pre-existing neurological disease and the development of delirium are closely linked but
the pathophysiology is not well understood; however, it has been demonstrated that patients
with pre-existing Alzheimer’s disease who suffered from delirium while hospitalized experienced
an accelerated cognitive decline as compared to their non-delirious counterparts.[42]

Girard and colleagues described several different clinical phenotypes of delirium in
critical iliness based on clinical insult, ranging from sedative-associated, to septic, to hypoxic
delirium, with variability in the severity of cognitive impairment following each type.[43] Delirium
associated with sedation, particularly when of longer duration and due to benzodiazepines, was
strongly associated with long-term cognitive impairment, whereas delirium due to metabolic

causes was not. Similarly, hypoxemia is a risk factor for the development of delirium, and the



hypoxemic phenotype is related to worse long-term cognitive function.[41] It is likely that
different risk factors for delirium are causally linked to the pathophysiology of long-term
cognitive impairment following critical iliness. For example, prolonged hypoxemia or sepsis may
induce neuronal injury that is more severe than metabolic disturbances, pre-disposing patients
with ARDS and delirium to long term cognitive sequelae. Lastly, the use of rescue therapies,
such as extracorporeal membrane oxygenation (ECMO), may impact the risk of cognitive
impairment. In a cohort of patients receiving ECMO therapy for severe respiratory failure,
significant reductions in cognitive function were seen in patients who had evidence of
cerebrovascular lesions at long term follow-up.[44] Notably, the patients with cerebrovascular
lesions were more likely to have received veno-arterial ECMO. Cognitive dysfunction was not
consistently noted in patients receiving veno-venous ECMO, and this is consistent with other
studies of cognitive impairment in patients receiving veno-venous ECMO therapy for ARDS
rescue therapy.[45,46] The complex interface between delirium, ARDS and its treatment, and
long-term cognitive impairment likely represents a multifactorial pathophysiology that remains

an urgently needed and important area of future research.

4. Psychiatric illness

In addition to cognitive impairment, psychiatric impairments are increasingly recognized
as devastating complications of ARDS. Depression, anxiety, and post-traumatic stress disorder
(PTSD) have been identified in survivors of ARDS.[30,47] Symptoms of psychiatric illness may
include guilt, restlessness or psychomotor disturbances, overt sadness, nightmares or pervasive
thoughts, emotional instability, and others. Mikkelsen and colleagues found that 36% of patients
were clinically depressed, 62% had anxiety, and 39% had symptoms of PTSD at one-year after
surviving ARDS.[41] Amongst over 100 ARDS survivors in the Toronto cohort, the prevalence of
depressive symptoms at 2 and 5 year follow-up was 40% and 20%, respectively.[13,48] In the

ARDSNet Long Term Outcomes Study (ALTOS), two-thirds of patients had significant



psychiatric symptoms of depression (36%), anxiety (42%), or PTSD (24%).[49] Often, patients
in the ALTOS trial demonstrated overlap in these symptoms, with many have co-occurring
symptoms. Similarly, Davydow and colleagues, in a systematic review of psychiatric morbidities
in ARDS survivors, noted that the prevalence of depression, anxiety, or PTSD ranged from 17%
to 48%.[50] Notably, these symptoms did not disappear after a year. In the same systematic
review, the estimated prevalence of PTSD at 8-year follow-up was 24%. These results have
been consistent across different studies with similar patient populations[51], implicating ARDS
as a significant contributor to psychiatric symptoms in survivors of critical illness.

The pathophysiology of psychiatric disease following ARDS is poorly understood but is
likely related to processes similar to those that give rise long-term cognitive impairment.
Notably, severity of illness during ARDS does not appear to be related to psychological
outcomes. For example, survivors of influenza-related ARDS that was severe enough to require
extra-corporeal membrane oxygenation (ECMO) did not have a greater rate of anxiety,
depression, or PTSD at one year compared to those who did not require ECMO.[52]

Despite the lack of clear understanding of pathological mechanism, there have been
some risk factors identified for the development of psychiatric symptoms following ARDS. in
addition to pre-iliness psychiatric disease, female sex, younger age, alcohol abuse, and
unemployment were all notable social or demographic risk factors for the occurrence of post-
ARDS psychiatric symptoms.[53] Additional in-hospital risk factors include a lower partial
pressure of oxygen as well as greater opioid exposure while in the ICU.[41,49] As patients with
ARDS often have prolonged hospitalizations with a high degree of severity illness and also
endure long recoveries from both physical and cognitive impairments following their disease, it
is not unexpected that psychological sequelae of the disease co-occur with other types of

impairment following ARDS. [54]



5. ICU Acquired Weakness

In addition to the cognitive outcomes experienced by survivors of ARDS, many are left
with severe physical impairments, including persistent muscle wasting and weakness and
reduced exercise capacity. These deficits may last for several years following the initial illness
and can have a substantial impact on patients’ functional status, including disability in activities
of daily living.[13,18,48]

Intensive-care acquired weakness, or ICU-AW, is a broad term used to describe the
syndrome of muscle weakness and wasting that often develops during critical illness and
persists after discharge. The term is used broadly to describe multifactorial pathophysiological
processes impacting both the intrinsic function and structure of skeletal muscle as well as the
peripheral neural networks that drive muscular contraction, encompassing both critical illness
myopathy and critical iliness polyneuropathy. Herridge and colleagues originally described ICU-
AW in ARDS in a cohort of survivors of severe ARDS, noting that impacted patients had a
significant reduction in the expected distance walked during a six-minute walk test (6BMWT) in
the years following the initial illness.[18] Several other large studies of ARDS patients
demonstrated the same phenomena as well.[55,56] The overall incidence of ICU-AW varies
depending on the study population, and impacts critically ill patients both with and without
ARDS. In ARDS patients, it is estimated that approximately one-third will have objective
evidence of ICU-AW prior to hospital discharge, with at least 50% of patients having persistent
or slowly resolving weakness over the subsequent years after hospitalization.[22,57] Risk
factors for ICU-AW vary and remain an area of active investigation (Table 1). It is strongly
associated with overall inpatient severity of illness and degree of organ failure across multiple
studies.[58,59] Other risk factors commonly cited, such as the use of corticosteroids and
neuromuscular blockade, have been inconsistently associated with ICU-AW, with some studies

showing an association and others showing no association.[58,60,61] Intensive glycemic control



has been demonstrated in one study to blunt abnormal EMG activity, suggesting that insulin
therapy might limit ICU-AW, but additional studies are needed.[62] Lastly, prolonged immobility
may also be associated with muscle wasting and potentially ICU-AW.[63] Critically ill patients
already experience significant acute muscle wasting,[64] so when coupled with prolonged
immobility, high severity of illness, and possible iatrogenic precipitants, the risk of developing
ICU-AW is high. Interventions such as early mobilization in the intensive care unit are being
actively studied to reduce the development of ICU-AW.

The diagnosis of ICU-AW remains difficult, given both the multifactorial etiologies of the
syndrome and diagnostic modalities used to assess weakness. Electromyographic and nerve
conduction studies have been used to assess for evidence of muscular weakness or peripheral
neuropathy, but the need for patient cooperation, need for specialized interpretation, and clinical
factors such as tissue edema or coagulopathy limit the utility of these studies.[65] Instead, the
diagnosis remains clinical in patients who have evidence of objective weakness without other
obvious primary etiology, such as primary neuromuscular disease.[66] Most commonly, the
diagnosis is confirmed in patients who are awake and participatory using the Medical Research
Council scale to assess strength in various muscle groups in the upper and lower extremities,
with scores less than 48 indicating ICU-AW.[67] Further, the diagnosis of ICU-AW can be
subclassified into critical illness myopathy and critical illness polyneuropathy, though patients
may exhibit diagnostic, electrophysiologic, and histologic characteristics of both myopathic and
neuropathic processes.

Critical illness myopathy (CIM) is a common manifestation of ICU-AW, that presents as
proximal limb and respiratory muscle weakness, classically with retention of sensory neural
function. It is typically a non-necrotizing process that is diffuse in nature with concomitant
fibrosis and fatty breakdown of muscle fibers with a preferential loss of thick myosin
filaments.[68,69] Angel and colleagues demonstrated that the histological changes of CIM

could be seen for up to two years in a case series of ARDS survivors.[70] Critical illness



polyneuropathy (CIP) is a related pathology under the umbrella of ICU-AW that can present with
identical symptoms as CIM. Peripheral neuronal pathology in the critically ill was originally
described by Bolton and colleagues in patients with prolonged mechanical ventilation who were
difficult to liberate from mechanical ventilation.[71] CIP is classically demonstrated to be a
symmetric distal, mixed sensory-motor axonal polyneuropathy. It commonly affects limb and
respiratory muscles, similar to CIM, but also can impact autonomic and sensory innervation.[72]
CIP is characterized by abnormal nerve conduction testing and electromyography with reduced
sensory action potential amplitude and compound motor action potential amplitude, whereas
CIM demonstrates normal sensory action potential amplitude.[69,72,73]

Ultimately, the presence and overlap of CIM and CIP in any given critically ill patient is
common and each process shares common precipitating risk factors. The given degree of
axonal degeneration and myopathy will vary between patients and their pre-existing diseases as
well as their individual critical illness phenotypes. Improved diagnostic testing would allow for
more granular characterization of ICU-AW as well as potentially set the stage for the study of
more targeted therapies for individual patients depending on their degree of neuronal and
muscular pathology. Related complications due to immobility and positioning, such as peroneal
nerve entrapment and subsequent foot drop, are not infrequent in ARDS, and they are

preventable with the use of attention to positioning, braces and early mobilization.[18]

6. Pulmonary dysfunction, radiological abnormalities, and exercise limitations
The extensive inflammatory insult to the lung inherent to the pathogenesis of ARDS
often raises concern regarding the residual pulmonary function of ARDS survivors. Most often,
ongoing pulmonary dysfunction is assessed using pulmonary function testing (PFTs), computed
tomography (CT) imaging of the chest, and exercise capacity assessments such as the 6MWT
(Table 2). Studies assessing PFTs following ARDS have shown heterogenous results, but most

commonly show a mild to moderate reduction in diffusion capacity of the lungs for carbon



monoxide (DLCOQO) with variable obstruction or restriction.[74-76] Herridge and colleagues noted
that at 6-month follow-up, their cohort of ARDS survivors had normal spirometry and no
evidence of restriction on PFTs. They did find mild to moderate reductions in DLCO following
ARDS, with these impairments continuing through 4 years after the incident hospitalization with
no further decrement in lung function after the initial few months following ARDS. [13,18]

In the acute phase of ARDS, bilateral alveolar infiltrates on chest imaging.are
pathognomonic. Follow-up imaging in survivors varies. Infiltrates on chest x-ray may completely
resolve but reticular infiltrates may persist. CT imaging of the chest provides the most detailed
assessment of the pulmonary parenchyma following ARDS. Notably, three-quarters or more of
survivors will have imaging evidence of fibrotic disease, manifesting as reticular fibrotic change,
ground-glass opacification, traction bronchiectasis, etc (Figure 2).[75,77] In these studies, the
involved regions of the lung were pre-dominantly the non-dependent regions, and the overall
extent of parenchymal injury and fibrosis was mild. Early research in ARDS survivors
suggested that the degree of fibrosis was positively correlated with duration of mechanical
ventilation, though this cohort of patients was recruited prior to the use of lung protective low-
tidal volume ventilation.[78] Additionally, patients who presented with primary pulmonary
etiologies of ARDS, such as pneumonia, versus non-pulmonary causes, such as pancreatitis,
were more likely to have significant fibrosis.[79]

In addition to persistent abnormalities in PFTs and chest imaging, many ARDS survivors
have a significant exercise limitation. This has commonly been assessed through use of the
6MWT, with total distance as the main outcome. ARDS survivors have been shown to have
significantly reduced 6MWT distances compared to age-adjusted means, ranging from
approximately 50% of predicted at 3 months after hospitalization to 75% of predicted 5 years out
from their illness.[13] Notably, while exercise limitation may be related to other etiologies, such
as muscular weakness or cardiac disease, at one year follow-up, 6% of patients in the Toronto

cohort had evidence of exercise-induced oxygen desaturation below 88%, suggesting ongoing



pulmonary dysfunction. This is consistent with findings from Neff and colleagues, who found that
half of ARDS survivors undergoing cardiopulmonary exercise testing (CPET), a more sensitive
measure of pulmonary gas exchange, had evidence of reduced oxygen transfer.[80] The
combination of abnormal diffusion capacity, persistent imaging findings, and reduced exercise
capacity following ARDS are significant contributors, in addition to muscular weakness, mental
health, and cognitive impairment, to functional limitations and reduced quality of life following

ARDS.

7. Healthcare utilization, health-related quality of life, and return to work

The various physical and cognitive burdens that ARDS survivors experience following
their iliness can have substantial impact on their daily lives after hospitalization. Many patients
experience significant ongoing healthcare needs and utilization as well as a reduced health
related quality of life (HRQL). Increasingly, these outcomes are being researched in hopes of
improving outcomes not just in the intensive care unit, but also for patients after they have left
the hospital.

In the months to years following ARDS, survivors often have significant ongoing contact
with the healthcare system. In a longitudinal follow-up study of ARDS patients from four different
National Heart, Lung, and Blood Institute (NHLBI) ARDS Network clinical trials, 40% had a
hospitalization in the 12 months following their initial hospitalization with ARDS. [81] In this
cohort, comorbid cardiovascular disease and length of stay during the ARDS hospitalization
predicted subsequent hospitalization in the next 12 months with a median cost of over $18,000
United States dollars for subsequent hospitalizations. Similarly, in a study of Medicare and
commercial claims data evaluating patients hospitalized for ARDS, approximately 53% of
survivors were re-hospitalized in the following year. [82] In the Toronto cohort of 109 ARDS
survivors, 39% of patients were readmitted to the hospital within 2 years of discharge with 20%

being admitted two or more times related to their hospitalization for ARDS and subsequent



sequelae.[48] Repeat hospitalizations and subsequent rehabilitation were the predominant
forms of healthcare use post-discharge with other costs including pharmaceutical use, physician
outpatient visits, and home care. Despite surviving their severe illness, patients who experience
ARDS continue to have significant healthcare needs in the months to years following.

Cognitive and physical impairments and frequent need for ongoing medical care can be
burdensome and isolating for survivors of ARDS, leading to a reduced quality of life. Several
studies in survivors of ARDS have analyzed health-related quality of life (HRQL), a multifactorial
paradigm that evaluates physical and mental health dimensions in relation to a disease or
treatment. Not unexpectedly, Herridge and colleagues found that ARDS survivors report worse
physical and mental health and overall quality of life in the year following their acute illness as
compared to the age and sex-matched general population.[18] In'the same study, patient’s self-
reported quality of life did improve over several assessments during a 12-month period, but
remained below average. Hopkins and colleagues found that in the two years following ARDS,
physical domains of HRQL improved up until one year despite remaining below expected for
age and sex-matched controls, and then remained stable without further improvement at two
years following hospitalization. There was no improvement in mental quality of life or overall
general health during the two-years following ARDS.[30] Other studies have demonstrated
similar reductions across multiple domains in the initial years following ARDS.[48,52] Despite
evidence of initial improvement in the months following discharge, survivors of ARDS report
persistent impaired HRQL beyond the initial 12 -24 months after hospitalization.[47] These
findings were confirmed in the Toronto cohort, where even at 5 years after hospitalization,
patients reported reduced HRQL as compared to control population.[13] Notably, younger
patients and those with fewer pre-ARDS comorbidities still reported significantly reduced HRQL,
suggesting that ARDS contributes to poor functional status and quality of life beyond the impact
of any pre-existing limitations. In addition to self-reported quality of life, returning to work or

employment is a vital surrogate of quality of life, linked to functional independence and a sense



of well-being. Myhren et al found that in a general intensive care unit population, 55% of
survivors had not returned to work at one-year. [83] In this same cohort, higher HRQL was
associated with return to work by one year. In a five-year longitudinal cohort study of ARDS
survivors, Kamdar and colleagues demonstrated that, of those previously employed, 31% never
returned to work leading to a substantial loss of income.[84] The lack of the capacity to return to
work is another substantial barrier to return to normalcy for ARDS survivors, and it is indicative

of the broader growing concern regarding the outcomes of our most critically ill patients.

8. Conclusions and future directions

In the past few decades, our understanding and clinical management of ARDS has
improved substantially, yet it remains a syndrome of substantial mortality and morbidity.
Increasingly, the long-term impacts of ARDS are being recognized and studied. While some
ARDS survivors will not experience limitations following their hospitalization, a significant
number of them will be left with persistent impairments in a variety of organ systems, from
cognitive impairment and psychiatric illness to physical weakness and neuromuscular
pathology. Evidence of the long-lasting impact of ARDS can be seen in the imaging of the
pulmonary system, with persistent pulmonary fibrosis and interstitial damage as well as ongoing
limitations in exercise capacity. Lastly, patients who survive ARDS, especially those with
significant comorbidities or a substantial burden of impairments, often suffer from recurrent
hospitalizations and frequent healthcare usage. This constellation of long-term sequelae leads
ARDS patients to suffer with reduced quality of life and limits their opportunities to return to
employment.

Greater scientific understanding into both the pathophysiology and the epidemiology of
these long-lasting effects of ARDS will be needed in order to develop novel prevention and
treatment approaches to the long-term sequelae of ARDS. In addition to the focus on finding

direct therapies to treat and prevent ARDS, critical care practice is evolving to focus on reducing



risk factors for poor long-term outcomes for ARDS. For example, avoidance of benzodiazepines
and utilization of light sedation, interventions that reduce delirium, are being implemented to
help not only prevent delirium but also the downstream pathology of long-term cognitive
impairment. Early mobility and physical rehabilitation have received substantial research
attention as methods to reduce ICU-AW and physical impairment. Rehabilitation strategies after
hospital discharge continue to be a source of significant research in hopes of improving both the
physical and cognitive outcomes of ARDS. Treatment and management of post-ICU
complications is also receiving greater focus, with growing interest in multidisciplinary post-ICU
clinics as a possible strategy to help patients receive the care they need to-manage any after-
effects of ARDS. Post-ICU clinics provide coordinated, evidence-based care for ICU survivors,
which can include physician and advanced practice provider visits, neuropsychological
assessment, pharmacy services, and case management.[85] Provision of guideline
recommended care for sepsis survivors improved morbidity and mortality after
hospitalization.[86] Similar coordinated post-discharge care may also improve outcomes for
ARDS survivors. Additionally, improved understanding of the pathophysiology of both the acute
phase of ARDS and its long-term downstream effects, has great potential to reduce the
consequences of ARDS by leading to new therapeutic strategies and by shifting the focus of
clinical care to include not just the acute management of ARDS but also the management of the

long-lasting effects of ARDS.

9. Expert opinion
The development of long-term sequelae from ARDS is a significant outcome for patients,
one that has implications for many years following hospitalization. ARDS is a major risk factor
for several outcomes, including long-term cognitive impairment, ICU-AW, persistent pulmonary
dysfunction, and reduced quality of life. These outcomes are increasingly understood as

significant, patient-centered outcomes, with increasing scientific effort devoted to combatting



their development. Because of the major repercussions of the long-term outcomes from ARDS,
further understanding of the pathophysiology of these outcomes and treatment strategies is
paramount. The individual pathophysiology of the numerous long-term impairments seen after
ARDS is complex and multifactorial. The field will continue to benefit from in-depth and focused
basic science research into the mechanisms of cognitive impairment and mental iliness after
ARDS as well as research further elucidating the underlying mechanisms of ICU-AW. Further
advances in this research will allow for the development of novel treatment approaches, which
will be applicable both to patients with ARDS and other critically ill patients. Clinical trials of
therapies such as early mobility and cognitive rehabilitation, have thus far demonstrated mixed
results with unclear benefit. Focused identification of high-risk patients coupled with robust
clinical trials of targeted interventions are needed to advance the field forward and reduce the
physical and cognitive morbidities. As the research in these areas improves our understanding,
increasing focus at the bedside should be to implement the current best-practice guidelines for
ARDS with a goal of minimizing iatrogenesis that may contribute to these downstream
sequelae. Given the significant burden of ARDS, both acutely and following hospital discharge,
there is great opportunity to improve the long-term outcomes of our most critically ill patients.

In the next several years, we anticipate increasing research into the fundamental
mechanisms of the complications of ARDS and critical illness more broadly. Currently, while we
have started to understand the risk factors for long-term cognitive impairment and ICU-acquired
weakness, further research, particularly at the basic level, will further elucidate these complex
pathophysiologies. Additionally, In the last several years, ARDS has been increasingly
recognized as a heterogenous syndrome with varying pathological and clinical characteristics.
Calfee and colleagues have identified subphenotypes of ARDS based on inflammatory states,
demonstrating that there are hyperinflammatory and hypoinflammatory subphenotypes with
different clinical characteristics and outcomes.[87] These subphenotypes have been confirmed

in other ARDS cohorts, as well, with similar outcomes.[88-90] Further study and characterization



of these subphenotypes and their underlying mechanisms will set the stage for the development
of biomarker-guided targeted therapy with the goal of personalizing ARDS treatment. Precision
treatment of ARDS based on subphenotypes could potentially reduce the long-term
complications that stem from the disease.

In addition to basic research at the bench, the development of biorepositories from
human specimens will also help advance the field. Biobanks of brain, lung, and muscle tissue
from patients with ARDS, including various subtypes, will advance translational research in the
field, allowing observations made at the bench to be evaluated in human tissue and samples. In
addition to biobanks, we also anticipate increasing interest in the genetic risk factors for
complications from ARDS as well as continued focus on the identification of biomarkers and
subphenotypes. Identifying high-risk patients and then studying novel treatments, coupled with
the use of biomarkers to both help predict and follow disease-related outcomes, will help create
more robust and informative clinical data. These data will allow for the development and
implementation of clinical trials for therapies focused specifically on preventing the deleterious
downstream effects of ARDS. Coupled with greater mechanistic understanding of individual
disease processes, we anticipate the study of new therapies that will target specific etiologies of
the morbidities of ARDS.

In summary, we anticipate that the future will bring greater understanding of the long-
lasting effects of ARDS and the most effective management. Based on the current breadth of
research, we anticipate more trials focused on therapeutic tools to prevent and limit or treat
processes such as long-term cognitive impairment and ICU-AW. Ultimately, we anticipate that
the critical care physician, astute in the care of the ARDS patient acutely, will merge this
knowledge with the increasing understanding of the long-term effects of ARDS to improve the

long-term outcomes of our sickest patients.
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Figure 1: Relationship between Acute Manifestations of ARDS and its Long-Term Sequelae
Figure 2: Computed tomography (CT) image of the chest of an ARDS survivor with fibrotic
changes in the lungs at 18 months after ARDS.(Reproduced with permission of the © ERS
2020: European Respiratory Journal 43(1) 276285; DOI: 10.1183/09031936.00196412
Published 31 December 2013)
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Table 1: Risk Factors for Long-Term Outcomes and Complications from ARDS

Long-Term Outcome

Known or Suspected Risk Factors

Long-term mortality

Hospital-acquired ARDS, age, pre-morbid comorbidities,
institutionalization prior to hospital admission

Cognitive impairment

Delirium (onset and duration), sedation with benzodiazepines
sepsis, hypoxemia, pre-morbid cognitive impairment, veno-
arterial ECMO rescue therapy

Psychiatric illness

Pre-morbid psychiatric disease, younger age, female, alcohol
abuse, unemployment, inpatient opiate exposure

ICU-acquired weakness

Severity of illness, degree of organ failure, prolonged immobility,
hyperglycemia, possible: paralytic use for refractory
hypoxemia and corticosteroid use

Pulmonary dysfunction &
radiographic abnormalities

Pulmonary causes of ARDS, duration of mechanical ventilation

Subsequent healthcare
utilization

Inpatient length of stay, comorbid cardiovascular disease

Health-related quality of life

Persistent pulmonary dysfunction, ICU-acquired weakness,
cognitive impairment, psychiatric iliness




Table 2: Clinical Manifestations of Persistent Pulmonary Abnormalities following ARDS

Persistent

Pulmonary Abnormalities Clinical Manifestation

Abnormal Pulmonary

Function Testing - Mild to moderate reduction in diffusion capacity (DLCO)

- Reticular infiltrates on chest radiograph
Radiographic Abnormalities - Fibrotic changes and traction bronchiectasis on computed
tomographic (CT) chest imaging

- Reduced six-minute walk test (6MWT)

Reduced Exercise Capacity - Exercise-induced hypoxemia
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