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Background. Survivors of critical illnesses often have clinically significant post-traumatic stress disorder (PTSD)
symptoms. This study describes the 2-year prevalence and duration of PTSD symptoms after acute lung injury (ALI),
and examines patient baseline and critical illness/intensive care-related risk factors.

Method. This prospective, longitudinal cohort study recruited patients from 13 intensive care units (ICUs) in four
hospitals, with follow-up 3, 6, 12 and 24 months after ALI onset. The outcome of interest was an Impact of Events
Scale – Revised (IES-R) mean score 51.6 (‘PTSD symptoms’).

Results. During the 2-year follow-up, 66/186 patients (35%) had PTSD symptoms, with the greatest prevalence by the
3-month follow-up. Fifty-six patients with post-ALI PTSD symptoms survived to the 24-month follow-up, and 35
(62%) of these had PTSD symptoms at the 24-month follow-up; 50% had taken psychiatric medications and 40% had
seen a psychiatrist since hospital discharge. Risk/protective factors for PTSD symptoms were pre-ALI depression [hazard
odds ratio (OR) 1.96, 95% confidence interval (CI) 1.06–3.64], ICU length of stay (for a doubling of days, OR 1.39, 95%
CI 1.06–1.83), proportion of ICU days with sepsis (per decile, OR 1.08, 95% CI 1.00–1.16), high ICU opiate doses (mean
morphine equivalent 5100mg/day, OR 2.13, 95% CI 1.02–4.42) and proportion of ICU days on opiates (per decile, OR
0.83, 95% CI 0.74–0.94) or corticosteroids (per decile, OR 0.91, 95% CI 0.84–0.99).

Conclusions. PTSD symptoms are common, long-lasting and associated with psychiatric treatment during the first
2 years after ALI. Risk factors include pre-ALI depression, durations of stay and sepsis in the ICU, and administration
of high-dose opiates in the ICU. Protective factors include durations of opiate and corticosteroid administration in
the ICU.
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Introduction

Critically ill patients face tremendous physical and
psychological stresses in intensive care units (ICUs),
including respiratory insufficiency, painful procedures,
activation of the hypothalamic–pituitary–adrenal axis
(often with reduced adrenocortical responsiveness),
high levels of endogenous and exogenous catechol-

amines to maintain blood pressure, and delirium
often with frightening perceptual experiences (Jones
et al. 2000; DiMartini et al. 2007; Kiekkas et al. 2010),
all in the context of reduced autonomy and a lim-
ited ability to communicate. By definition, critical ill-
nesses are life-threatening, and survivors frequently
have clinically significant post-traumatic stress dis-
order (PTSD) symptoms/PTSD (median study point
prevalence=20–30%) (Davydow et al. 2008a,b).

Indirect evidence suggests that in-ICU delirium
may be a risk factor for PTSD symptoms. Specifically,
amounts of benzodiazepine and opiate sedation,
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agitation and physical restraint in the ICU have been as-
sociated with both delirium/coma (Kollef et al. 1998;
Micek et al. 2005; Pandharipande et al. 2006, 2007,
2008; Peterson et al. 2006; Payen et al. 2007; Weinert
& Calvin, 2007; Arroliga et al. 2008; Riker et al. 2009)
and later PTSD symptoms (Nelson et al. 2000;
Kress et al. 2003; Girard et al. 2007; Jones et al. 2007;
Samuelson et al. 2007b). Furthermore, early post-ICU
memories of in-ICU frightening psychotic/nightmare
experiences have frequently been associated with
later PTSD symptoms (Jones et al. 2001, 2003, 2007;
Rattray et al. 2005, 2010; Samuelson et al. 2007b;
Weinert & Sprenkle, 2008; note that almost all of
these studies excluded patients with prior psychosis).
Conversely, the results of several small studies suggest
that in-ICU corticosteroid administration may be pro-
tective against later PTSD symptoms. Specifically,
stress doses of hydrocortisone were protective against
later PTSD symptoms in patients with septic shock
and in patients undergoing cardiac surgery (Schelling
et al. 1999, 2001, 2004, 2006; Weis et al. 2006).

Acute lung injury (ALI), including its common sev-
ere subcategory, acute respiratory distress syndrome,
is an archetypal critical illness (Herridge & Angus,
2005). ALI is defined by acute onset of severe hypo-
xemia and bilateral pulmonary infiltrates on chest
X-ray (not due to heart failure) in the setting of various
pulmonary (e.g. pneumonia) or non-pulmonary (e.g.
sepsis) risk factors (Bernard et al. 1994). The objective
of the present study is to describe the 2-year prevalence
and duration of PTSD symptoms after ALI, and to
examine potential baseline and critical illness/intensive
care-related risk factors. We hypothesized that prior
psychiatric illness, high-dose in-ICU benzodiazepine
and opiate administration and in-ICU delirium
would be associated with post-ALI PTSD symptoms.
We also hypothesized that sepsis would be associated
with post-ALI PTSD symptoms because sepsis
compromises the blood–brain barrier (Sharshar et al.
2005; Ebersoldt et al. 2007; Siami et al. 2008), such
that peripheral catecholamines could enter the brain
(Ekström-Jodal & Larsson, 1982; Ekström-Jodal et al.
1982) and enhance traumatic memory formation/fear
conditioning (Pitman, 1989; McGaugh, 2003; Pitman
& Delahanty, 2005). Finally, we hypothesized that
in-ICU corticosteroid administration would protect
against post-ALI PTSD symptoms.

Method

Study population

Mechanically ventilated patients with ALI were
enrolled consecutively in a prospective cohort study
involving 13 ICUs at four hospitals in Baltimore,

Maryland, between October 2004 and October 2007
(Needham et al. 2005). To avoid inclusion of patients
with primary neurologic disease or head trauma,
neurologic specialty ICUs at the participating hospitals
were excluded. Other key exclusion criteria were
(1) pre-existing illness with a life expectancy of
<6 months; (2) pre-existing cognitive impairment or
communication/language barriers; (3) no fixed ad-
dress; (4) transfer to a study site ICU with pre-existing
ALI >24 h; (5) >5 days of mechanical ventilation before
ALI; and (6) a physician order for no escalation of ICU
care (e.g. no vasopressors or hemodialysis) at the time
of study eligibility.

Informed consent was obtained after patients
regained capacity, typically around the time of hospital
discharge (Fan et al. 2008). Follow-up occurred at 3, 6,
12 and 24 months after ALI onset. At the 24-month
follow-up, patients reported retrospectively on mental
health treatment since ALI. The institutional review
boards of Johns Hopkins University and all partici-
pating study sites approved this research.

Measurement of ‘PTSD symptoms’

We measured symptoms of PTSD at each follow-up
using the Impact of Event Scale – Revised (IES-R) ques-
tionnaire (Weiss & Marmar, 1997). The precursor of the
IES-R, the IES (Horowitz et al. 1979), is the most widely
used measure of PTSD symptoms in critical care out-
comes research (Griffiths et al. 2007; Davydow et al.
2008b). However, the IES only measures the intrusion
and avoidance symptoms of PTSD, not hyperarousal
symptoms. The IES-R includes six hyperarousal
items, 22 items in total (Weiss & Marmar, 1997). An
important feature of the IES-R is that the measure is
‘grounded’ to a particular trauma (in this case, critical
illness/ICU treatment). Respondents report how dis-
tressed/bothered they have been by particular difficult-
ies in the past 7 days: ‘not at all’ (item score=0), ‘a little
bit’ (1), ‘moderately’ (2), ‘quite a bit’ (3), or ‘extremely’
(4). The IES-R has high internal consistency (α ≈ 0.9),
short-term test–retest reliability (r ≈ 0.9) and concur-
rent and discriminant validity, without substantial
social desirability effects (Asukai et al. 2002; Beck
et al. 2008). It has performed well as a screening instru-
ment for PTSD, with optimal thresholds (item mean
scores) between 1.0 and 2.2 in different populations
(Asukai et al. 2002; Creamer et al. 2003; Adkins et al.
2008; Rash et al. 2008; Sveen et al. 2010).

We recently evaluated the IES-R against the
Clinician-Administered PTSD Scale (CAPS; Blake
et al. 1995) in 60 ALI survivors, 1–5 years after their
index ALI episode (Bienvenu et al. 2012b). The area
under the receiver operating characteristic curve
for CAPS-diagnosed DSM-IV PTSD was 0.95 [95%
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confidence interval (CI) 0.88–1.00]. At an optimal IES-R
threshold of 1.6, the sensitivity was 100%, specificity
85%, positive predictive value 50% and negative
predictive value 100%.

Definitions for prevalence, remission and recurrence
of PTSD symptoms

‘Post-ALI PTSD symptoms’ were defined as having an
IES-R (item mean) score 51.6 at any follow-up (3, 6,
12 or 24 months after ALI). We defined remission as
having an IES-R score <1.6 at any follow-up after
apparent onset of PTSD symptoms, along with a stat-
istically reliable decrease in score using the Reliable
Change Index (RCI; Jacobson & Truax, 1991). To calcu-
late the RCI, we used standard deviation and test–
retest reliability estimates from prior research (Asukai
et al. 2002). To achieve a statistically reliable change,
a difference in scores of50.3 was required. We defined
recurrence as having an IES-R score 51.6 at any
follow-up after remission, along with an increase in
score of 50.3.

Potential risk factors for PTSD symptoms

We considered several potential risk factors for PTSD
symptoms. Potential baseline (pre-hospitalization)
risk factors included demographic characteristics
(age, sex and education) and baseline health character-
istics (abstracted from the medical record): overweight/
obesity (a correlate identified in prior general popu-
lation studies; Scott et al. 2008; Pagoto et al. 2012), the
burden of co-morbid medical conditions (summarized
using the Charlson Comorbidity Index; Charlson et al.
1987) and psychiatric and substance use problems
(depression, tobacco smoking, heavy alcohol use and
illicit drug use).

Potential critical illness-related risk factors included
initial ICU severity of illness [assessed using the
Acute Physiology and Chronic Health Evaluation II
(APACHE II) score; Knaus et al. 1985], worst organ fail-
ure status during the ICU stay [assessed using the
maximum daily Sequential Organ Failure Assessment
(SOFA) score; Vincent et al. 1996], ICU length of stay,
the proportion of ICU days that patients were delirious
[with a positive daily screening using the Confusion
Assessment Method for the Intensive Care Unit
(CAM-ICU); Ely et al. 2001], the proportion of ICU
days that patients were comatose [with Richmond
Agitation–Sedation Scale (RASS) scores of –4 or –5;
Ely et al. 2003], and the proportion of ICU days patients
were septic (defined using standard consensus criteria;
Bone et al. 1992). Because research staff were not
always available on weekends, the daily prospective
sedation and delirium assessments were missing for
some days; thus, we used multiple imputation with

chained equations (Schafer & Graham, 2002) to impute
missing RASS and CAM-ICU values. Potential inten-
sive care-related risk and protective factors included
mean and maximum daily benzodiazepine, opiate
and systemic corticosteroid doses (presented as mida-
zolam, morphine and prednisone equivalents respect-
ively), along with proportions of ICU days that
patients received each of these medications.

Statistical methods

We considered onset and recurrence to begin when
symptoms were first observed to be above threshold
(e.g. the earliest possible onset would be at the
3-month follow-up), and remission to occur when
symptoms were observed to fall below threshold.
When patients had a missing IES-R value during
follow-up, we assumed that their prior PTSD symptom
status remained unchanged. Thus, when patients had
missing data prior to first onset, it may seem that
they had onset of post-ALI PTSD symptoms much
later than was the case. In a sensitivity analysis, we
excluded data for patients who had missing IES-R
data prior to first onset. Similarly, recurrences may
seem to occur later than was the case (or not at all) if
data were missing after remission, or patients may
seem to have a longer duration of symptoms than
was the case if missing data points occur after PTSD
symptoms were established. Thus, we conducted
another sensitivity analysis in which we excluded
data for patients who had missing IES-R data at any
follow-up time point (a ‘complete case’ analysis).
When describing the longitudinal course of PTSD
symptoms over the 24-month follow-up, we excluded
data from patients who died during follow-up be-
cause including their data would bias the results
towards shorter durations and fewer remissions and
recurrences.

We used χ2 or Fisher’s exact tests to compare pro-
portions of patients with and without PTSD symptoms
who received mental health treatment over the first 2
years of follow-up. In risk factor analyses of discrete-
time survival data, we used pooled polytomous logis-
tic regression models that simultaneously modeled
associations between potential risk factors and PTSD
symptoms or death (death was a competing risk ac-
counted for in the regression models). Multivariable
models included all potential risk factors that had a
bivariable association (p40.10) with later PTSD symp-
toms. Given our a priori hypothesis that delirium
would be related to later PTSD symptoms, we
included this variable in our multivariable model of
critical illness/ICU-related risk factors regardless of
bivariable statistical significance. Because exploratory
analyses indicated some non-linear relationships
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between continuous variables and PTSD symptoms
(including ‘U-shaped’ relationships), continuous in-
dependent variables were categorized roughly into
tertiles for risk factor analyses, unless exploratory ana-
lyses suggested a linear relationship with PTSD symp-
toms. To avoid ‘over-fitting’ our multivariable models,
we limited the ratio of number of patients with PTSD
symptoms to the number of potential risk factors to
∼10 (Harrell et al. 1985).

We also conducted five additional sets of sensitivity
analyses when evaluating risk factors. In the first two
sets we assumed that patients who survived their
initial hospitalization and consented but died with-
out any IES-R assessments alternately had or did not
have PTSD symptoms. In the next two sets we
assumed that patients who were alive at the 3-month
follow-up but did not have any IES-R assessments
alternately had or did not have PTSD symptoms. In
the fifth set we assumed that patients who staff felt
had psychiatric reasons for missed visits had PTSD
symptoms. The results of these five sets of analyses did
not differ substantially from our primary analyses,
so we limit our presentation to our primary analyses.

Statistical significance was defined as p<0.05 (two-
sided). Mental health treatment analyses were con-
ducted using IBM SPSS version 19 (SPSS Inc., USA).
Risk factor analyses were conducted using R statistical
software (R Development Core Team, 2010).

Results

Of 520 eligible patients with ALI enrolled in the study,
274 (53%) survived their acute hospitalization and
were eligible for consent. Additional patients died,
declined or could not be contacted for consent, leaving
196 consenting survivors 3 months after ALI (Fig. 1).
Of these 196 participants, 186 (95%) had at least one
follow-up visit over the 2-year study period with com-
plete IES-R data. The point prevalence of PTSD symp-
toms related to ALI and intensive care at the 3-month
follow-up was 24%, at the 6-month follow-up 20%, at
the 12-month follow-up 23%, and at the 24-month
follow-up 24%.

Apparent onset and duration of PTSD symptoms
after ALI

PTSD symptoms occurred in 66 of the 186 patients over
the 2-year follow-up period (35%). Apparent onset was
highest by the 3-month follow-up and declined there-
after (Fig. 2). Notably, in the patients who had no miss-
ing data prior to apparent onset of PTSD symptoms,
and onset after the 3-month follow-up, the median
IES-R score at the first (i.e. the 3-month) follow-up
was 1.4; that is, most of these patients were not

completely asymptomatic before their IES-R scores
exceeded the 51.6 threshold.

Ten patients with PTSD symptoms died during the
2-year follow-up. In the remaining 56 patients, the
median initial duration of PTSD symptoms was
12 months, although the modal initial duration was
21 months (the maximum possible duration given
onset at 3 months and presence at 24 months).
Remissions occurred in 58% of the 50 eligible patients
(i.e. those with PTSD symptoms before the 24-month
follow-up), and recurrences occurred in 42% of the
19 eligible patients (i.e. those with remission before
the 24-month follow-up). The median total duration
of PTSD symptoms (including recurrences) was 18
months. Of the survivors with PTSD symptoms, 62%
had PTSD symptoms at the 24-month follow-up. The
results of the ‘complete case’ analysis were similar
(36 patients had PTSD symptoms and no missing
data); specifically, 61% had onset by 3 months, 61%
of those eligible had remissions, 50% of those eligible
had recurrences, the median and modal initial dur-
ations were 12 and 21 months respectively, and 58%
had PTSD symptoms at the 24-month follow-up.

Fig. 3 illustrates individual and overall mean IES-R
scores, at each follow-up assessment, for patients
whose PTSD symptoms did, and did not, remit during
the 2-year follow-up. In patients whose PTSD symp-
toms remitted (including those who had recurrences),
the mean IES-R score averaged ∼1.3 throughout the
follow-up period. In patients whose PTSD symptoms
did not remit, the mean IES-R score averaged ∼2.0
throughout the follow-up period.

Psychiatric treatment

Of 138 survivors who reported on mental health treat-
ment at the 24-month follow-up, 47 (34%) had taken
‘any psychiatric medications, such as for depression
or anxiety’, 42 (30%) had received ‘any psychiatric,
psychological, or mental health care’, 35 (25%) had
seen a psychiatrist, 16 (12%) had seen a psychologist
and 11 (8%) had seen a counselor since hospital dis-
charge. Seeing a psychiatrist was associated with tak-
ing psychiatric medications (74% v. 21%, p<0.0005),
as was seeing a psychologist (88% v. 27%, p<0.0005).
Seeing a psychiatrist was also associated with seeing
a psychologist (37% v. 3%, p<0.0005) or a counselor
(17% v. 5%, p=0.03).

Fifty of these 138 patients (36%) had had post-ALI
PTSD symptoms. Post-ALI PTSD symptoms were
associated with taking psychiatric medications (50%
v. 25%, p=0.003), any mental health care (44% v.
23%, p=0.009) and seeing a psychiatrist (40% v. 17%,
p=0.003).
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520 Patients enrolled

274 Hospital survivors eligible for consent

224 Particpants for follow-up

3-Month follow-up

6-Month follow-up

12-Month follow-up

24-Month follow-up

174 of 196 Survivors (89%)

173 of 183 Survivors (95%)

156 of 169 Survivors (92%)

146 of 154 Survivors (95%)

15 (9%) Died

14 (8%) Died

13 (7%) Died

28 (13%) Died

14 (5%) Unable to communicate

236 (45%) Died in hospital
10 (2%) Died before consenting

with participant
36 (13%) Declined participation

Complete PTSD data on 151 of 174 (87%)a

Complete PTSD data on 161 of 173 (93%)a

Complete PTSD data on 141 of 156 (90%)a

Complete PTSD data on 135 of 146 (92%)a

Fig. 1. Flow diagram of study participants. a Some patients had a follow-up visit but did not have complete data from the
Impact of Event Scale – Revised [IES-R; the post-traumatic stress disorder (PTSD) symptom questionnaire]. At each follow-up
time point, the number of patients who had a follow-up visit without complete IES-R data and the reasons (physical/
cognitive/psychiatric/declined/other) were as follows: at 3 months, 23 patients (7/5/2/7/2); at 6 months, 12 patients (4/2/1/4/1);
at 12 months, 15 patients (5/4/2/4/0); and at 24 months, 11 patients (1/5/1/4/0).
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Fig. 2. Cumulative proportion of patients with post-traumatic stress disorder (PTSD) symptoms [Impact of Event Scale –

Revised (IES-R) item mean score 51.6] in the first 2 years after acute lung injury (ALI). (a) Patients are included whether or
not they had missing data prior to apparent onset, and 54% had onset by 3 months. (b) Patients are excluded if they had
missing data prior to apparent onset, and 69% had onset by 3 months.
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Baseline risk factors for PTSD symptoms after ALI

In bivariable models, statistically significant baseline
risk factors for post-ALI PTSD symptoms were over-
weight/obesity [hazard odds ratio (OR) 1.81, 95% CI
1.03–3.17, p=0.04], pre-ALI depressive illness (OR
2.30, 95% CI 1.29–4.11, p=0.005), ever smoking (OR
2.70, 95% CI 1.29–5.62, p=0.008) and ever using illicit
drugs (OR 2.12, 95% CI 1.24–3.60, p=0.006) (Table 1).
Predictors with a trend toward statistical significance
(α=0.05–0.1) were age between 40 and 54 years
(compared to 439 years, OR 1.82, 95% CI 0.92–3.57,
p=0.08) and less education (per year of education,
OR 0.91, 95% CI 0.83–1.01, p=0.06).

In a multivariable model including all of the above
risk factors, only baseline depressive illness was inde-
pendently associated with post-ALI PTSD symptoms
(OR 1.96, 95% CI 1.06–3.64, p=0.03) (Table 1).

Critical illness and intensive care-related risk and
protective factors for PTSD symptoms after ALI

Statistically significant critical illness/intensive care-
related risk factors for post-ALI PTSD symptoms
were ICU length of stay (for a doubling in length of
stay, OR 1.41, 95% CI 1.09–1.81, p=0.008), proportion
of ICU days with sepsis (per decile, OR 1.08, 95% CI
1.01–1.16, p=0.03), maximum midazolam equivalent
dose 5100mg/day (OR 1.95, 95% CI 1.12–3.40,
p=0.02) and mean morphine equivalent dose 5100
mg/day (OR 1.83, 95% CI 1.04–3.24, p=0.04)
(Table 2). Factors with a trend toward a statistically

significant protective effect (α=0.05–0.1) were pro-
portion of ICU days on opiates (per decile, OR 0.90,
95% CI 0.82–1.00, p=0.06), maximum prednisone
equivalent 570mg/day (OR 0.56, 95% CI 0.29–1.06,
p=0.07) and proportion of ICU days on corticosteroids
(per decile, OR 0.93, 95% CI 0.86–1.01, p=0.07).

In a multivariable model including all of the above
factors, several were independently associated with
post-ALI PTSD symptoms, including ICU length of
stay (for a doubling in length of stay, OR 1.39, 95%
CI 1.06–1.83, p=0.02), mean morphine equivalent
dose 5100mg/day (OR 2.13, 95% CI 1.02–4.42, p=
0.04), proportion of ICU days on opiates (per decile,
OR 0.83, 95% CI 0.74–0.94, p=0.002) and proportion
of ICU days on corticosteroids (per decile, OR 0.91,
95% CI 0.84–0.99, p=0.02) (Table 2). There was a
trend for proportion of ICU days with sepsis to
have an independent association (per decile, OR 1.08,
95% CI 1.00–1.16, p=0.06); as the OR relating sepsis
to PTSD symptoms was identical in our bivariable
and multivariable models, limited statistical power
probably explains the borderline statistical significance
in the latter (i.e. rather than confounding).

Discussion

This multi-site, prospective longitudinal study of 186
ALI survivors demonstrates that PTSD symptoms are
common, long-lasting and associated with psychiatric
treatment in the first 2 years after ALI. Risk factors
for post-ALI PTSD symptoms were prior depression,
a longer ICU length of stay, a longer duration of sepsis
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Fig. 3. Longitudinal course of post-traumatic stress disorder (PTSD) symptoms in patients with apparent onset [Impact of
Event Scale – Revised (IES-R) item mean score 51.6] in the first 2 years after acute lung injury (ALI). Thin and thick lines
indicate individual and mean trajectories respectively for patients whose PTSD symptoms (a) remitted and (b) did not remit
during 2-year follow-up. Horizontal dashed lines indicate the threshold for PTSD symptoms (IES-R item mean score=1.6).
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Table 1. Patient baseline characteristics and PTSD symptoms (‘PTSD’) during follow-up

Descriptives, n (%) or median (IQR)

Longitudinal analyses, PTSD versus no eventa

All consented
(n=224)

Event during follow-up

Survived w/o
PTSD (n=96)

Died w/o
PTSD (n=62)

PTSD
(n=66)

Bivariable hazard Multivariable hazard

OR 95% CI p OR 95% CI p

Age * N.S.
4 39 years 45 (20) 4 (6) 13 (20) 28 (29) Ref. – –
40–54 years 95 (42) 19 (31) 38 (58) 38 (40) 1.82 0.92–3.57 0.08 1.56 0.76–3.22 N.S.
5 55 years 84 (38) 39 (63) 15 (23) 30 (31) 0.85 0.39–1.86 N.S. 0.83 0.36–1.90 N.S.

Female 101 (45) 29 (47) 31 (47) 41 (43) 1.14 0.68–1.92 N.S.
Education 12 (11–14) 12 (11–14) 12 (11–13) 12 (11–16) 0.91 0.83–1.01 0.06 0.92 0.82–1.04 N.S.
Overweight (BMI >25 kg/m2) 134 (60) 37 (60) 46 (70) 51 (53) 1.81 1.03–3.17 * 1.67 0.93–3.01 0.09
Charlson Comorbidity Index N.S.
0 57 (25) 2 (3) 20 (30) 35 (36) Ref. – –
1 53 (24) 10 (16) 17 (26) 26 (27) 1.00 0.50–2.01 N.S.
5 2 114 (51) 50 (81) 29 (44) 35 (36) 1.11 0.60–2.06 N.S.

Ever depression 46 (22) 12 (19) 21 (32) 13 (14) 2.30 1.29–4.11 ** 1.96 1.06–3.64 *
Ever smoking 156 (70) 37 (60) 56 (85) 63 (66) 2.70 1.29–5.62 ** 1.98 0.88–4.43 N.S.
Ever heavy alcohol use 49 (22) 10 (16) 16 (24) 23 (24) 1.03 0.56–1.88 N.S.
Ever illicit drug use 64 (29) 9 (14) 30 (46) 25 (26) 2.12 1.24–3.60 ** 1.12 0.60–2.09 N.S.

PTSD, Post-traumatic stress disorder; BMI, body mass index; OR, hazard odds ratio; w/o, without; CI, confidence interval; IQR, interquartile range; N.S., not significant (p>0.10); Ref.,
reference.

a Discrete-time survival pooled polytomous logistic regression models simultaneously modeled associations between potential risk factors and two separate outcomes, PTSD symptoms
and death.
* p<0.05, ** p<0.01.
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Table 2. Critical illness and intensive care-related characteristics and PTSD symptoms (‘PTSD’) during follow-up

Descriptives, n (%) or median (IQR)

Longitudinal analyses, PTSD versus no eventa

All consented
(n=224)

Event during follow-up

Survived w/o
PTSD (n=96)

Died w/o
PTSD (n=62)

PTSD
(n=66)

Bivariable hazard Multivariable hazardb

OR 95% CI p OR 95% CI p

APACHE II score 23 (19–29) 25 (21–30) 23 (18–28) 23 (19–28) 0.99 0.96–1.03 N.S.
Maximum SOFA score N.S.
4 7 40 (18) 5 (8) 17 (26) 18 (19) Ref. – –
8–10 92 (41) 28 (45) 23 (35) 41 (43) 0.63 0.32–1.24 N.S.
5 11 92 (41) 29 (47) 26 (39) 37 (38) 0.78 0.40–1.53 N.S.

Days in ICU 13 (8–22) 14 (9–21) 14 (10–26) 12 (7–18) 1.41c 1.09–1.81c ** 1.39c 1.06–1.83c *
Delirium (% of ICU days) N.S. N.S.
< 50% 53 (24) 16 (26) 16 (24) 21 (22) Ref. – – Ref. – –
50–99% 139 (62) 35 (56) 43 (65) 61 (64) 1.04 0.56–1.93 N.S. 1.07 0.55–2.06 N.S.
100% 32 (14) 11 (18) 7 (11) 14 (15) 0.72 0.28–1.86 N.S. 0.79 0.29–2.15 N.S.

Days of coma (per 10% of ICU days) 2.3 (1.0–4.3) 1.9 (0.5–3.3) 2.7 (1.0–4.9) 2.5 (1.4–4.4) 1.02 0.90–1.16 N.S.
Days of sepsis (per 10% of ICU days) 7.3 (1.7–9.5) 7.4 (1.4–9.2) 8.1 (3.4–9.8) 6.4 (0.0–9.1) 1.08 1.01–1.16 * 1.08 1.00–1.16 0.06
Mean midazolam equivalent 5100mg/day 66 (30) 11 (18) 24 (36) 31 (32) 1.26 0.73–2.18 N.S.
Maximum midazolam equivalent 5100mg/dayd 116 (52) 23 (37) 45 (68) 48 (50) 1.95 1.12–3.40 * 1.63 0.85–3.13 N.S.
Days of benzodiazepine use (per 10% of ICU days) 5.8 (3.3–8.0) 4.9 (2.3–8.1) 6.1 (4.1–7.5) 6.0 (4.4–8.2) 0.96 0.88–1.06 N.S.
Mean morphine equivalent 5100mg/day 125 (56) 25 (40) 47 (71) 53 (55) 1.83 1.04–3.24 * 2.13 1.02–4.42 *
Maximum morphine equivalent 5250mg/day 114 (51) 23 (37) 40 (61) 51 (53) 1.39 0.81–2.36 N.S.
Days of opiate use (per 10% of ICU days) 7.5 (5.1–8.9) 7.0 (4.7–8.7) 7.1 (5.3–8.5) 8.1 (6.0–9.2) 0.90 0.82–1.00 0.06 0.83 0.74–0.94 **
Mean prednisone equivalent 540mg/day 82 (37) 22 (36) 21 (32) 39 (41) 0.76 0.44–1.33 N.S.
Maximum prednisone equivalent 570mg/day 68 (30) 24 (39) 13 (20) 31 (32) 0.56 0.29–1.06 0.07
Days of corticosteroid use (per 10% of ICU days) 1.2 (0.0–7.3) 4.8 (0.0–9.2) 0.0 (0.0–3.1) 0.5 (0.0–6.1) 0.93 0.86–1.01 0.07 0.91 0.84–0.99 *

APACHE II, Acute Physiology and Chronic Health Evaluation II; SOFA, Sequential Organ Failure Assessment; ICU, intensive care unit; PTSD, post-traumatic stress disorder; OR,
hazard odds ratio; w/o, without; CI, confidence interval; IQR, interquartile range; N.S., not significant (p>0.10); Ref., reference.

a Discrete-time survival pooled polytomous logistic regression models simultaneously modeled associations between potential risk factors and two separate outcomes, PTSD symptoms
and death.

b A separate multivariable mode included maximum prednisone equivalent 570mg/day instead of delirium, and the former was not a significant predictor of PTSD symptoms in that
model.

c Corresponds to a doubling in ICU length of stay.
d Or propofol infusion.
* p<0.05, ** p<0.01.
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in the ICU and administration of high-dose opiates in
the ICU; protective factors were longer durations of
opiate and corticosteroid administration in the ICU.
Identification of risk and protective factors may be
helpful to determine who is at greatest risk for PTSD
symptoms following ALI and other critical illnesses,
for the purpose of closer monitoring during follow-up.
In addition, because in-ICU medication administration
is under critical care clinicians’ control, information
on medications’ potential effect on PTSD symptoms
(and other long-term outcomes) could affect clinicians’
risk/benefit analyses when deciding whether and how
to administer them.

One in three survivors had PTSD symptoms during
follow-up, with highest apparent onset by the 3-month
follow-up, as may be expected given the close tem-
poral relationship with survivors’ critical illness and
ICU care. Moreover, by the 2-year follow-up, more
than 60% of patients with PTSD symptoms were still
affected (some having had remissions and recur-
rences). The occurrence of substantial PTSD symptoms
later than the 3-month follow-up suggests that
events after the ALI hospitalization, such as further
illness, hospitalization and social stressors (Cheung
et al. 2006), may contribute to ongoing psychiatric
morbidity for ALI survivors. Because of this very
high burden of suffering, clinicians caring for ALI
survivors should assess their patients’ mental health,
in addition to their physical (Herridge et al. 2011;
Bienvenu et al. 2012a) and cognitive recovery
(Hopkins & Jackson, 2006), and provide treatment or
referrals if indicated.

Post-ALI PTSD symptoms were associated with a
high prevalence of psychiatric treatment; 44% of
patients with post-ALI PTSD symptoms in the past
2 years received any mental health care, and 40%
saw a psychiatrist. In the US National Comorbidity
Survey Replication (NCS-R), 34% of persons with
DSM-IV PTSD in the past year received any mental
health care for PTSD symptoms, and 23% saw a psy-
chiatrist (Wang et al. 2005). The high prevalence of
treatment associated with post-ALI PTSD symptoms
in this study provides additional support for the
validity of our outcome measure. Notably, patients
without post-ALI PTSD symptoms also had a rela-
tively high prevalence of psychiatric treatment. It is
important to note that these patients also have high
prevalences of depressive and non-specific anxiety
symptoms (Davydow et al. 2008a; Dowdy et al. 2008,
2009; Bienvenu et al. 2012a).

Our hypotheses regarding risk factors for PTSD
symptoms were partially supported. As expected,
prior depression was a potent risk factor for post-ALI
PTSD symptoms. This is consistent with the post-ICU
and general psychiatric literature regarding PTSD

risk factors (Brewin et al. 2000; Ozer et al. 2003;
Davydow et al. 2008b, 2009; Jubran et al. 2010). Our
results suggest that tobacco and illicit drug use are
indirectly related to post-ALI PTSD symptoms
(through their relationship with depression).

Contrary to our hypothesis, high-dose benzo-
diazepine administration was only associated with
post-ALI PTSD symptoms in a univariable analysis.
Of note, other studies have demonstrated minimal or
no relationships between in-ICU benzodiazepine
doses and later PTSD symptoms, including another ob-
servational study (Weinert & Sprenkle, 2008) and three
controlled trials of reduced sedative administration
(Treggiari et al. 2009; Jackson et al. 2010; Strøm et al.
2011).

Also contrary to our hypothesis, the proportion of
ICU days delirious was not associated with post-ALI
PTSD symptoms; this is consistent with results from
a prior small study (Girard et al. 2007). Notably, in
both our study and that of Girard et al. (2007),
in-ICU delirium occurred in 80–90% of patients. With
efforts to reduce delirium in critically ill patients,
future studies may have adequate statistical power to
address whether having any delirium increases risk
for PTSD. Currently, it seems that the duration of delir-
ium is not as relevant to post-ICU PTSD symptoms
as the quality of a patient’s delirious experiences,
given the apparent relationship between frightening
psychotic/nightmare experiences in the ICU and later
PTSD symptoms (Jones et al. 2001, 2003, 2007;
Rattray et al. 2005, 2010; Samuelson et al. 2007b;
Weinert & Sprenkle, 2008).

Although a high average daily opiate dose (i.e.
5100mg of morphine or equivalent) was positively
associated with post-ALI PTSD symptoms, the pro-
portion of ICU days on opiates was negatively associ-
ated with these symptoms. We speculate that adequate
pain control without excessive clouding of conscious-
ness may prevent PTSD symptoms (high-dose opiates
typically would not have been needed for pain control
in this mostly medical ICU patient group); however,
more study is needed to investigate this possibility. A
preventative effect of morphine has been reported in
patients with burn and traumatic injuries (Saxe et al.
2001; Bryant et al. 2009; Holbrook et al. 2010).
Although morphine could have a beneficial effect on
fear conditioning through minimization of pre-synaptic
norepinephrine release (Pitman & Delahanty, 2005), an
effect mediated by pain control cannot be ruled out in
any of these studies.

In our study, a longer ICU length of stay was a
potent risk factor for later PTSD symptoms, similar
to previous studies in ALI survivors (Nelson et al.
2000; Kapfhammer et al. 2004; Hauer et al. 2009).
However, a longer ICU stay may not merely be a
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reflection of greater illness severity. As in many pre-
vious studies (Nelson et al. 2000; Jones et al. 2001;
Cuthbertson et al. 2004; Kapfhammer et al. 2004;
Nickel et al. 2004; Rattray et al. 2005; Girard et al.
2007; Samuelson et al. 2007b; Sukantarat et al. 2007;
Jubran et al. 2010; Schandl et al. 2011), initial severity
of illness was not associated with later PTSD symp-
toms. In addition, maximum severity of organ failure
during the ICU stay was not associated with PTSD
symptoms in our study. Of note, longer ICU stays
seem to increase the likelihood of frightening psy-
chotic/nightmare experiences (Samuelson et al. 2007a;
Myhren et al. 2009); we speculate that increased
exposure to these experiences may explain the relation-
ship between longer stays and PTSD symptoms.

As hypothesized, sepsis (specifically, the duration
of sepsis) was associated with later PTSD symptoms.
To our knowledge, this is the first study to examine
sepsis as a risk factor for PTSD symptoms. We hypo-
thesize that sepsis compromises the blood–brain
barrier (Sharshar et al. 2005; Ebersoldt et al. 2007;
Siami et al. 2008), thus allowing peripheral catechol-
amines to enter the brain (Ekström-Jodal & Larsson,
1982; Ekström-Jodal et al. 1982) and enhance traumatic
memory formation/fear conditioning (Pitman, 1989;
McGaugh, 2003; Pitman&Delahanty, 2005). This mech-
anism could complement a vagus nerve-mediated
effect of peripheral catecholamines on the brain
(Schelling, 2008). As sepsis is extremely common in
patients with ALI, future studies should examine the
role of sepsis in other patient populations.

Our findings regarding the preventative effect of
corticosteroid administration are consistent with those
of prior small studies in patients with septic shock or
undergoing cardiovascular surgery (Schelling et al.
1999, 2001, 2004, 2006; Weis et al. 2006). There are sev-
eral possible explanations for this salutary effect
(Schelling et al. 2006). First, administration of cortico-
steroids during a period of critical illness-related
insufficiency may result in less endogenous catechol-
amine release, in addition to less need for exogenous
catecholamine administration to maintain adequate
blood pressure (Annane et al. 2002; Schelling et al.
2006). Second, corticosteroids themselves may advan-
tageously affect memory formation and retrieval
(Schelling et al. 2006). A third possibility is that corti-
costeroids prevent PTSD symptoms through their anti-
inflammatory properties (Davydow et al. 2008b). We
are aware of only one study in which there was no evi-
dence of a protective effect of corticosteroids during
critical illness (Boer et al. 2008). In their observational
study of 107 survivors of abdominal sepsis, Boer and
colleagues found that the number of days of hydro-
cortisone during the first 2 weeks of ICU treatment
was not predictive of later PTSD symptoms.

Strengths and limitations

The current study has several strengths. First, we
used a large, multicenter, longitudinal cohort design.
Second, we used a PTSD symptom measure that we
validated in ALI survivors as strongly related to the
current ‘gold standard’ clinical measure (Bienvenu
et al. 2012b). Third, we had fairly high retention rates.

Nevertheless, several limitations are worth noting.
First, we measured PTSD symptoms using a well-
validated self-report questionnaire rather than psychi-
atric diagnoses using expert clinicians with specialized
training to perform semi-structured interviews and
incorporate informant and medical record data
(Spitzer, 1983). We consider that, given the added bur-
den for participants, the latter method would have
pushed the limits of feasibility and resulted in substan-
tially higher losses to follow-up and incomplete data,
especially during the first 12 months when patients
were still in early recovery and required three follow-
up assessments. In addition, obtaining psychiatric
diagnoses of PTSD would have been logistically
difficult, given the need for expert clinicians to be
physically present in patients’ homes or long-term
care facilities (58% of participants required at least
one such visit during the 2-year follow-up to reduce
loss to follow-up). Although we chose a higher IES-R
threshold for ‘caseness’ than other investigators in
this field (Samuelson et al. 2007b; Boer et al. 2008;
Wallen et al. 2008; de Miranda et al. 2011), we did not
measure clinical diagnoses.

Second, although we asked patients to rate PTSD
symptoms related to their critical illness/ICU experi-
ence, it is possible that some patients had pre-existing
chronic PTSD symptoms and difficulty differentiating
the trauma of critical illness/ICU care from previous
traumas. Jones et al. (2010) found that 3% of a popu-
lation of critical illness survivors had pre-existing
chronic PTSD, a figure similar to the 3.5% 12-month
prevalence of PTSD reported in the NCS-R (Wang
et al. 2005). Thus, we may modestly overestimate the
onset of post-ALI PTSD symptoms.

Third, we used medical records to identify baseline
(pre-ALI) psychiatric illness, probably a relatively
specific, but insensitive, method (especially for non-
depressive psychiatric illnesses, which appeared
rarely in the medical records). This potential bias is
generally unavoidable, given the infeasibility of
directly assessing patients’ psychiatric history prior to
ALI onset.

Fourth, we did not account for possible effects of
treatment of PTSD symptoms. Thus, we may have
missed instances of PTSD symptoms that occurred
and resolved prior to the first follow-up or in between
follow-ups.

2666 O. J. Bienvenu et al.

https://doi.org/10.1017/S0033291713000214 Published online by Cambridge University Press

https://doi.org/10.1017/S0033291713000214


Fifth, although we statistically controlled for several
potential confounders in our analyses of risk factors,
residual confounding could have influenced the associ-
ations detected in this study. However, as it is not
possible to randomize patients to many of the potential
risk factors we examined (e.g. pre-ALI depression,
ICU length of stay, and sepsis), observational studies
provide essential information regarding likely
relationships.

Conclusions

PTSD symptoms are common, long-lasting and associ-
ated with psychiatric treatment during the first 2 years
after ALI. Risk factors include pre-ALI depression, dur-
ations of stay and sepsis in the ICU, and administration
of high-dose opiates in the ICU. Protective factors
include durations of opiate and corticosteroid adminis-
tration in the ICU.
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