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Abstract

Objective: Acute lung injury (ALI), including its more severe sub-category, acute respiratory
distress syndrome (ARDS), is a critical illness associated with considerable morbidity and
mortality. The authors’ objective was to summarize data on the prevalence of depressive,
posttraumatic stress disorder (PTSD), and other anxiety syndromes amongst survivors of ALI/
ARDS, potential risk factors for these syndromes, and their relationships to quality of life.

Methods: The authors conducted a systematic literature review using Medline, EMBASE,
Cochrane Library, CINAHL, and PsycINFO. Eligible studies reported data on psychiatric
morbidity at least once following intensive care treatment of ALI/ARDS.

Results: Ten observational studies met inclusion criteria (total n=331). Using questionnaires,
the point prevalence of “clinically significant” symptoms of depression ranged from 17-43% (4
studies); PTSD, 21-35% (4 studies); and non-specific anxiety, 23-48% (3 studies). Studies varied
in terms of instruments used, thresholds for clinical significance, baseline psychiatric history
exclusions, and timing of assessments (range 1 month to 8 years). Psychiatrist-diagnosed PTSD
prevalences at hospital discharge, 5 years, and 8 years were 44%, 25%, and 24%, respectively.
Three studies prospectively assessed risk factors for post-ALI/ARDS PTSD and depressive
symptoms; significant predictors included longer durations of mechanical ventilation, ICU stay,
and sedation. All four studies that examined relationships between psychiatric symptoms and
quality of life found significant negative associations.

"Address for Correspondence: Dimitry Davydow, M.D., Department of Psychiatry and Behavioral Sciences, Johns Hopkins University
School of Medicine, 600 North Wolfe Street/ Meyer 3-144, Baltimore, MD 21287, Phone: (410)-955-6792; Fax: (410)-955-0152,
ddavydol@jhmi.edu.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Davydow et al.

Page 2

Conclusions: The prevalence of psychiatric morbidity in patients surviving ALI/ARDS appears
high. Future research should incorporate more in-depth diagnostic and risk factor assessments for
prevention and monitoring purposes.

Keywords

respiratory distress syndrome, acute; depression; stress disorder, posttraumatic; anxiety; critical
care; outcome assessment (health care)

INTRODUCTION

Acute lung injury (ALLI), including its more severe sub-category, acute respiratory distress
syndrome (ARDS), is a common critical illness with important physical and mental health
consequences for survivors. There are an estimated 190,600 cases of ALI and 141,500

cases of ARDS annually in the US (1). The incidence of this illness increases with age.

The syndrome is defined by acute onset of severe hypoxemia and bilateral pulmonary
infiltrates on chest x-ray in the setting of various pulmonary (e.g. pneumonia, aspiration) or
non-pulmonary (e.g. sepsis, pancreatitis, trauma, blood transfusion) risk factors. ALI/ARDS
usually results in respiratory failure necessitating mechanical ventilation in the intensive care
unit (ICU), with an average ICU length of stay of 11 days (2). Due to advances in critical
care treatment, the short-term mortality of ALI/ARDS has decreased from approximately
70% to 40% (1-3), and research has begun to focus on survivors’ recovery, which occurs
over subsequent months and years. Researchers have examined survivors’ quality of life,
physical and cognitive function, and mental health (4-6). Several studies have shown
persistent physical and cognitive impairments in large proportions of ALI/ARDS survivors
(6). The authors’ objective was to systematically review the prevalence of psychiatric
syndromes in ALI/ARDS survivors [specifically depression, posttraumatic stress disorder
(PTSD), and other anxiety syndromes], potential risk factors for these syndromes, and their
relationships to quality of life (QOL).

METHODS

Search Strategy

To identify studies eligible for systematic review, we searched Medline (1966-2007),
EMBASE (1974-2007), CINAHL (1982-2007), the Cochrane Library (2007, Issue 1), and
Psyclnfo (1967-2007) as of April 6, 2007. The following search strategy was used, with

all terms mapped to the appropriate MeSH/EMTREE subject headings and “exploded”:
(“mental disorders” OR “psychometrics™) AND (“respiratory distress syndrome, adult” OR
“critical care” OR “critical illness” OR “intensive care units” OR “sepsis”). Also, the
following terms were included as text words: (“depress*” OR “stress” OR “anxi*”) AND
(“respiratory distress syndrome” OR “ARDS” OR “acute lung injury” OR “ALI"). The
search was limited to English-language articles. Articles dealing with neonatal or pediatric
intensive care were excluded.
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Study Selection

Two authors (D.S.D. and S.V.D.) independently and sequentially reviewed citations,
abstracts, and full text articles to select eligible studies. All citations or abstracts selected

by either author were included in the next step of the selection process. At each step, the
authors calculated interobserver agreement using percent agreement and the kappa statistic
(7). Disagreement regarding eligibility of full text articles was resolved by consensus among
all authors.

Articles were selected for review if they met the following criteria: 1) the study population
was comprised of adult ALI/ARDS survivors, and 2) psychiatric assessments occurred
following ICU discharge. Studies that reported only QOL data were excluded, as were case
reports and review articles.

Data Abstraction

For each eligible study, two authors (D.S.D. and S.V.D.) independently abstracted
information regarding study cohorts, psychiatric measures, quality of life, and potential risk
factors. The authors calculated interobserver agreement for data abstraction using percent
agreement and the kappa statistic. Authors of eligible studies were contacted directly for
additional information, when necessary.

RESULTS

Search Results and Study Characteristics

The authors reviewed 14,285 citations, 1,882 abstracts and 187 full-text articles (Figure

1). Ten articles describing six unique cohorts of ALI/ARDS survivors were eligible for
data abstraction [twelve articles were originally identified, but two of them (8-9) were not
included in this review, since these articles presented a summary of depression and anxiety
data which were presented, in greater detail, in a subsequent article (10)]. The percent
agreement (and kappa statistic) for each stage of the study selection and data abstraction
process were: citation review, 91% (x = 0.54); abstract review 98% (x = 0.84); full text
review 99% (x = 0.89); and data abstraction, 99.5% (x = 0.98). Of the ten studies reviewed,
six were retrospective cohort studies (11-16), two were prospective cohort studies (10, 17),
and two were cross-sectional studies (18-19). Six of the studies were conducted in the US
(10-13, 17, 18), and four were conducted in Germany (14-16, 19).

Table 1 shows baseline descriptive data for the ten studies, ordered by timing of follow-up
assessments. Follow-up periods ranged from approximately 1 month (11) to a median of
96 months (16). These studies reported on 321 unique patients. Six of the studies excluded
subjects with a history of psychiatric illness (variably defined - 10, 14-17, 19). None of the
studies addressed baseline personality characteristics.

Measures of Psychiatric Symptoms and QOL—Two hundred seventy-seven subjects
completed at least one depression measure, and 208 and 253 subjects completed at least one
PTSD and anxiety measure, respectively. Six of the studies utilized in-person assessments
(10-11, 14-17); three, mailed questionnaires (12, 13, 19); and one, a telephone interview
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(18). Two studies used a semi-structured diagnostic interview administered by a psychiatrist,
the Structured Clinical Interview for DSM-IV (SCID) (15-16). The remaining studies used
only questionnaires to assess psychopathology (Table 2).

Seven studies measured QOL with the Medical Outcomes Study Short Form-36 (SF-36) (10,
12-14, 16, 17, 19); one also used the Sickness Impact Profile (SIP) (13).

Prevalence of Psychiatric Symptoms/Disorders and QOL

The point prevalence of questionnaire-ascertained clinically significant depressive symptoms
ranged from 17% (10) to 43% (12), with a median prevalence of 28% (Table 2). Only one
study employed the SCID to ascertain major depressive disorder (MDD) (16), the point
prevalence was 4% at a median of 8 years. The point prevalence of significant posttraumatic
stress symptoms using questionnaires ranged from 21% (15) to 35% (11), with a median of
28% (14). The point prevalence of SCID PTSD was 44% at hospital discharge (16), 25% at
5 years (15), and 24% at 8 years (16). The point prevalence of significant anxiety symptoms
utilizing questionnaires ranged from 23% (17) to 48% (18), with a median of 24% (16).

Table 3 displays QOL results, ordered by follow-up time. The scores for most QOL domains
were higher at subsequent follow-up times.

Potential Risk Factors for Psychiatric Symptoms

Only three studies prospectively assessed potential risk factors for psychiatric morbidity
after ALI/ARDS (12, 13, 16) (Table 4). Durations of sedation, mechanical ventilation, and
ICU stay each predicted later depressive and PTSD symptoms.

Three studies reported that recall of ICU-related pain, breathing difficulties, nightmares,
and anxiety was associated with PTSD symptoms (14, 15, 19), and one study also reported
that recall of limited social support was also associated with PTSD symptoms (19). In each
case, these potential risk factors were assessed retrospectively, at the time of the PTSD
assessments.

Associations of Psychiatric Symptoms/Syndromes and QOL

Four studies assessed relationships between psychiatric symptoms/syndromes and QOL
(SF-36) (10, 12, 16, 19) (Table 5). Symptoms of depression, non-specific anxiety, and

PTSD were associated with lower QOL in each case. Psychiatric symptoms/syndromes were
more strongly associated with mental health QOL domains (vitality, social functioning, role-
emotional, and mental health) than physical domains (physical functioning, role-physical,
bodily pain, and general health), though relationships with physical domains were also
substantial. In one small study (12), depressive symptoms were very strongly associated
with a diminished mental component score (Spearman correlation = —0.94).

DISCUSSION

This systematic review of psychiatric morbidity in ALI/ARDS survivors highlights three
important issues. First, the point prevalences of substantial symptoms of depression, PTSD,
and non-specific anxiety are quite high at a year or more after ALI/ARDS. Across studies,
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the median point prevalence of each syndrome was >20%, substantially higher than the
6.7% and 3.5% one-year prevalences of MDD and PTSD, respectively, in a recent study of
US adults that utilized structured interviews (20). To our knowledge, there are no general
population estimates of psychiatric disorder prevalences using the questionnaires discussed
in this review. Nevertheless, it is interesting to note that the point prevalences of substantial
depressive and PTSD symptoms in ALI/ARDS survivors are higher than those in survivors
of myocardial infarction [depression 9% at 12 months (21) and PTSD 9.8% at 6 months
(23)], and as high as those in survivors of coronary artery bypass graft surgery[depression
38% at a mean of 5.2 years (22)]; the latter studies used some of the same questionnaires,
with similar cut-off scores for case definition (21-23). Second, durations of sedation,
mechanical ventilation, and ICU LOS may be risk factors for subsequent depression and/or
PTSD after ALI/ARDS. Third, the presence of psychiatric symptoms is associated with
lower QOL in ALI/ARDS survivors.

There are limitations to the existing literature. First, most studies relied exclusively on
questionnaires to estimate the burden of psychopathology in ALI/ARDS survivors. Most
psychiatric questionnaires are designed as screening instruments or measures of symptom
severity in patients with known disorders (24). Only two studies utilized expert clinicians
and semi-structured diagnostic interviews (15-16), and one of these only included the
PTSD section of the SCID (15). Of the questionnaires employed, only the PTSS-10 has
been validated specifically in ARDS survivors (15). The Beck Anxiety Inventory, the only
measure of non-specific anxiety in the eligible studies (10, 17, 18), appears more sensitive
to panic than other anxiety syndromes (25-26); consequently, the prevalence of significant
generalized anxiety symptoms, for example, may be underestimated in our review. The
studies that used the Beck Depression Inventory (BDI) employed a cut-off score of 17
(10, 17), which indicates “moderate or greater” depression but may be high as a screening
threshold (27). The Center for Epidemiologic Studies Depression Scale (CES-D), used to
measure depression in one of the studies (12), may lack specificity for depression (28-29).
Also, the studies that used the CES-D employed the standard cut-off score of 16, which
may be low (30). Thus, threshold choices likely account for some of the variability in
depression prevalences across studies. The only study to utilize clinicians in diagnosing
MDD found a point prevalence of 4% at a median of 8 years post-ARDS (16); it seems
likely, based on questionnaire results, that the point prevalence of clinician-diagnosed
MDD would be substantially higher in the first two years after ALI/ARDS. Future studies
of psychopathology in ALI/ARDS survivors should utilize expert clinicians to conduct
broad diagnostic interviews, to establish prevalence rates and to evaluate the psychometric
properties of existing questionnaires in this population.

Second, additional research is required to understand risk factors for psychopathology

in ALI/ARDS survivors. Although some studies attempted to exclude patients with prior
psychopathology (14-15, 19), presumably to determine the independent effect of ALI/ARDS
on first incidence of psychopathology, these studies appeared to use limited information
(e.g., chart reviews or brief interviews of patients or collateral informants), not direct
lifetime diagnostic interviews, to determine who should be excluded. As reported in
Kapfhammer et al. (16), such screening was not entirely successful, as a few patients

with pre-ARDS histories of alcohol abuse or depression were included in a cohort that

Psychosom Med. Author manuscript; available in PMC 2024 February 23.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Davydow et al.

Page 6

was meant to exclude such patients (14-16). In addition, successfully excluding patients
with pre-ALI/ARDS psychopathology is problematic in that it prevents estimation of the
extent to which pre-ALI/ARDS psychopathology serves as a risk factor for post-ALI/ARDS
psychopathology. An additional potential risk factor for post-ALI/ARDS psychopathology,
not assessed in any of the studies, is pre-ALI/ARDS personality vulnerabilities, such as
high neuroticism (negative affectivity). High neuroticism and prior anxiety and depressive
disorders are potent predictors of depression and PTSD in the context of stress (31-34).
Future studies should explicitly assess these variables as potential risk factors. Regarding the
potential risk factors identified in this review (durations of sedation, mechanical ventilation,
and ICU stay), it remains unclear whether these correlated characteristics are themselves
causally related to post-ALI/ARDS psychopathology, or if these factors reflect clinicians’
management of anxiety and/or agitated delirium in the ICU (e.g., increased use of sedation
could lead to prolonged mechanical ventilation and ICU stays). ICU clinical management,
or anxiety or agitated delirium in the ICU, may be the causal risk factor(s) or markers

of risk for post-ALI/ARDS psychopathology. Clarification of these issues is an important
goal for future research that could facilitate prevention (e.g., via minimization of GABA-
ergic sedative agents in the ICU) and identification of patients at high risk for psychiatric
morbidity (for monitoring and early intervention).

Currently, there is much speculation regarding the possible cause(s) of depressive

and/or PTSD symptoms in survivors of critical illnesses like ALI/ARDS. One potential
“neurobiologic” etiology of both depression and PTSD in this patient population is systemic
inflammation associated with ALI/ARDS and its risk factors. There is some evidence

that inflammatory cytokines may play a role in the development of general medical
iliness-related psychopathology. For example, elevated serum levels of IL-6 are associated
with depression in patients with cancer (35). Also, administration of an anti-inflammatory
glucocorticoid, hydrocortisone, may be associated with a decrease in the incidence of

PTSD in survivors of septic shock (36) or cardiac surgery (37). There are certainly other,
more “narrative” explanations for post-ALI/ARDS psychopathology. For example, patients
may develop PTSD symptoms as a result of extremely frightening memories, such as

those of severe dyspnea and/or delirium-related psychotic experiences, perhaps shaped by
coincident invasive procedures (16, 38). Finally, loss can be substantial in patients who
survive ALI/ARDS. Many patients leave the ICU with deficits in physical and cognitive
function, leading to a delayed return to work; in addition, family lives can be disrupted by
prolonged hospitalizations and recovery periods. Such stress could be an “understandable”
cause of depression/demoralization. To our knowledge, no studies have attempted to develop
a comprehensive model of post-ALI/ARDS psychopathology; it is possible that these and
other potential etiologic factors play a role.

Several potential limitations of this systematic review should be noted. First, it is unclear
whether the results of this review are specific to ALI/ARDS survivors versus survivors

of critical illness in general. We know of no studies comparing PTSD and/or depressive
symptoms in survivors of ALI/ARDS to a control group of ICU survivors without ALI/
ARDS. Certain aspects of ALI/ARDS (e.g. systemic inflammation, severity of illness,

and prolonged ICU stays) may add risk for psychopathology in survivors. Nevertheless,

it remains unclear to what extent risk factors for ALI/ARDS (e.g., sepsis) are associated with
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equivalent psychopathology in survivors who did not have ALI/ARDS. These are important
areas for future research. Second, confidence regarding the identified potential risk factors
should be tempered, given the methodological issues described above, the small number

of studies, and the small sample sizes. Third, despite a comprehensive search of 14,285
citations, potentially eligible studies may have been missed due to inconsistent indexing in
the electronic citation databases.

In conclusion, ALI/ARDS survivors appear to have high prevalences of significant
depressive, PTSD, and other anxiety symptoms which adversely affect QOL. Longer
durations of sedation, mechanical ventilation, and ICU stay may be risk factors for these
psychiatric outcomes in ALI/ARDS survivors, although the causal mechanisms are not fully
elucidated at this time. Future studies should include more rigorous diagnostic evaluations
and risk factor assessments (e.g. premorbid personality traits and prior psychiatric history).
In the meantime, clinicians should recognize that psychiatric illness is common in ALI/
ARDS survivors, necessitating comprehensive evaluations and treatment.
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Abbreviations ( in alphabetical order):

ALl acute lung injury

ARDS acute respiratory distress syndrome

BAI Beck Anxiety Inventory

BDI Beck Depression Inventory

CESD Center for Epidemiologic Studies Depression scale
ICU intensive care unit

IES Impact of Events Scale

LOS length of stay

MADRS Montgomery-Asberg Depression Rating Scale
MDD major depressive disorder

PTSD posttraumatic stress disorder

PTSS-10 Posttraumatic Symptom Scale-10

QOL quality of life
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SCID Structured Clinical Interview for DSM-1V
SCL90r Symptom Checklist 90r
SF-36 Medical Outcomes Study Short Form-36
SIP Sickness Impact Profile
STAS-S Spielberger State-Trait Anxiety Scale-State
us United States
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14,285 potentially relevant citations identified and screened for retrieval:
4,037 from PubMed
8,373 from EMBASE
883 from CINAHL
568 from Cochrane Library
424 from PsycInfo

12,403 reports excluded based on title review:
4,563 not applicable based on eligibility criteria
7,840 duplicate titles across databases

\ 4

A 4

1,882 reports retrieved for evaluation of abstract

1,695 reports excluded based on abstract review:
g not applicable based on eligibility criteria

\4

187 reports retrieved for evaluation of full text

177 reports excluded based on detailed
evaluation:

79 no ALI/ARDS patient cohort

66 not original data

19 no psychiatric outcomes

11 no outcomes post-ICU discharge

2 information redundant with included

study

A\ 4

10 reports of 6 unique patient cohorts included in
final review

Figure 1. Flow Diagram of Literature Search Results
Abbreviations: ALI, acute lung injury; ARDS, acute respiratory distress syndrome
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