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Background: Survivors of acute lung injury (ALI) and other critical illnesses often experience
substantial posttraumatic stress disorder (PTSD) symptoms. However, most questionnaires have
not been validated against a PTSD diagnostic reference standard in this patient population.
Hence, in the current study of survivors of ALL, we evaluated the Impact of Events Scale-Revised
(IES-R), a questionnaire measure of PTSD symptoms, against the Clinician-Administered PTSD
Scale (CAPS), the current state-of-the-art PTSD diagnostic reference standard, which also pro-
vides a quantitative assessment of PTSD symptoms.

Methods: We evaluated the IES-R questionnaire vs the CAPS diagnostic interview in 60 of 77 con-
secutively recruited survivors of ALI from two prospective cohort studies of patients 1 to 5 years
after ALIL

Results: The IES-R total score (range: 0.0-3.2) and the CAPS total severity score (range: 0-70) were
strongly related (Pearson r = 0.80, Spearman p = 0.69). Using CAPS data, eight of the 60 patients
(13%) had PTSD at the time of assessment, and an additional eight patients had partial PTSD
(total prevalence, 27%). In a receiver operating characteristics curve analysis with CAPS PTSD or
partial PTSD as criterion variables, the area under the curve ranged from 95% (95% CI, 88%-100%)
to 97% (95% CI, 92%-100%). At an IES-R threshold of 1.6, with the same criterion variables, sensi-
tivities ranged from 80% to 100%, specificities 85% to 91%, positive predictive values 50% to 75%,
negative predictive values 93% to 100%, positive likelihood ratios 6.5 to 9.0, negative likelihood
ratios 0.0 to 0.2, and efficiencies 87% to 90%.

Conclusions: The IES-R appears to be an excellent brief PTSD symptom measure and screening
tool in ALI survivors. CHEST 2013; 144(1):24-31

Abbreviations: ALI = acute lung injury; ALTOS = ARDS Network Long-Term Outcomes Study; AUC = area under
the receiver operating characteristics curve; CAPS = Clinician-Administered PTSD Scale; DSM = Diagnostic and Statis-
tical Manual of Mental Disorders; ICAP = Improving Care of ALI Patients; IES = Impact of Event Scale; ITES-R = Impact
of Event Scale-Revised; PTSD = posttraumatic stress disorder; PTSS-10 = Posttraumatic Stress Syndrome 10-Questions
Inventory; ROC = receiver operating characteristics

Critically ill patients face tremendous physical and
psychologic stresses in the ICU, including respi-
ratory insufficiency, painful procedures, delirium with
associated psychotic experiences, and reduced autonomy
and ability to communicate. For these reasons, post-
traumatic stress disorder (PTSD) is a major clinical
concern for ICU survivors,!5 and a brief, valid PTSD
measure would be extremely useful to clinicians and
researchers evaluating these patients.

The Impact of Event Scale (IES),% a self-report ques-
tionnaire, is the most widely used measure of PTSD
symptoms in critical care outcomes research.25 A crit-
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icism of the IES is that it only measures reexperi-
encing (intrusion) symptoms (eg, intrusive memories,
nightmares, or flashbacks) and avoidance/numbing
symptoms (eg, avoidance of places or topics, or feeling
numb about the event), and not hyperarousal symp-
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toms of PTSD (eg, difficulty sleeping or irritability).
The authors of the revised version of the IES, the
IES-R, added six hyperarousal items and an additional
reexperiencing item.”
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An important feature of the IES-R is that the mea-
sure is “grounded” to a particular trauma (eg, combat,
rape, or, as in the current study, critical illness/ICU
treatment). Given this feature, as well as its coverage
of a variety of PTSD symptoms, we hypothesized that
the IES-R might be suitable as a PTSD symptom mea-
sure and screening tool in survivors of critical illness.
To test this hypothesis, we evaluated the TES-R against
the current gold standard quantitative assessment
and diagnostic tool in PTSD research, the Clinician-
Administered PTSD Scale (CAPS).8 in survivors of
acute lung injury (ALI). The CAPS takes roughly
45 min to administer and requires experienced cli-
nicians or appropriately trained paraprofessionals®;
thus, the CAPS is impractical for use in routine clin-
ical practice or complex research protocols requir-
ing longitudinal evaluations. In this report, we follow
the Standards for Reporting of Diagnostic Accuracy
guidelines.*!?

MATERIALS AND METHODS

Patients

Between July and November 2010, patients were consecutively
recruited from two ongoing, prospective cohort studies evaluat-
ing the long-term outcomes of survivors of ALL! In the ARDS
Network Long-Term Outcomes Study (ALTOS; NCT00719446),2
which recruits patients from ARDSNet clinical centers across
the United States, 47 patients were eligible after their 1-year
follow-up assessments. In the Improving Care of ALI Patients
(ICAP) study,'® which follows patients from 13 ICUs at four hos-
pitals in Baltimore, Maryland, 30 patients were eligible after their 2-,
3-, 4-, or 5-year follow-up assessments. Exclusion criteria for both
studies included the inability to understand or speak English, no
fixed address, and preexisting cognitive impairment, all of which
would prevent completion of study assessments. In both cohort
studies, trained research staff administered the IES-R at scheduled
follow-up visits (eight different staff members, four in each study).
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Within 1 week of IES-R administration and blind to the
patients’ results, we interviewed patients using the CAPS. CAPS
interviewers included a board-certified attending psychiatrist
(O. J. B., seven interviews), a fourth-year psychiatry resident
(J. W., 51 interviews), and a medical student (A. Y., seven interviews).
Prior to the study, the attending psychiatrist trained the other
two interviewers in diagnostic interviewing, PTSD and its associ-
ated symptoms, and the administration of the CAPS. At the begin-
ning of the study, for quality assurance purposes, the attending
psychiatrist and the medical student co-interviewed three patients,
and the psychiatry resident and the medical student co-interviewed
two patients. Seventy-five percent of the IES-R and CAPS assess-
ments were conducted via telephone, and 25% were conducted
face to face. Telephone interviews were useful because many of
the participants lived a long distance from Baltimore; previous
research has shown that telephone and face-to-face methods are
comparable when evaluating PTSD symptoms.!* The Johns Hopkins
University School of Medicine Institutional Review Boards X and
5 approved this research (protocols NA_00013113, NA_00025950,
and NA_00041630), and patients provided informed consent.

Measures

With the IES-R, respondents are asked to report how dis-
tressed or bothered they have been by particular difficulties
in the past 7 days: “not at all” (item score 0), “a little bit” (score, 1),
“moderately” (score, 2), “quite a bit” (score, 3), or “extremely”
(score, 4). The IES-R authors demonstrated the internal consis-
tency of the instrument (= 0.8-0.9) and short-term test-retest
reliability (r=0.8).5 The IES-R has performed fairly well as a
screening instrument for PTSD, with optimal thresholds (item
mean scores) between 1.0 and 2.2 in different populations.'6-20
The IES-R has demonstrated concurrent and discriminant valid-
ity, as well as a lack of social desirability effects.202!

The CAPS can be used to assess the presence or absence of a
PTSD diagnosis; however, it also provides a dimensional assessment
of PTSD symptom severity. Clinical interviewers rate each of the
17 PTSD criteria (five reexperiencing, seven avoidance/numbing,
and five hyperarousal criteria) on five-point (0-4) scales reflecting
frequency and intensity of symptoms, and severity scores are cal-
culated by adding frequency and intensity scores for each item. A
continuous measure of PTSD symptoms is particularly attractive
in that psychiatric nosologists increasingly conceptualize illnesses
like PTSD in dimensional terms,?* that is, patients show a spec-
trum of symptom severity, with no clear threshold delineating
clinically meaningful symptoms. Indeed, most,2*3! but not all 323
studies of “partial” or “subthreshold” PTSD indicate levels of
severity and dysfunction intermediate between full PTSD and no
PTSD .33 Thus, we also included three established, partial PTSD
definitions in the current study: (1) symptoms met the Diagnostic
and Statistical Manual of Mental Disorders (DSM)-IV B criterion
(reexperiencing) and either the C criterion (avoidance/numbing)
or D criterion (hyperarousal)'”; (2) symptoms met the B criterion as
well as one or more C and D symptom criteria; and (3) symptoms
met at least two of the three B, C, and D criteria.? The CAPS has
shown high internal consistency (a = 0.9), interrater reliability
(perfect diagnostic agreement, r = 0.9 for symptom severity), test-
retest reliability (k = 0.9-1.0; r = 0.9 for symptom severity), and
convergent and discriminant validity.>

When interviewing patients with the CAPS, we assessed symp-
toms for two time periods: the last week prior to the interview and
time since the index ALI hospitalization. As with the IES-R, in the
CAPS diagnostic interviews, we focused on PTSD symptoms
related to each patient’s critical illness and ICU care. We used the
“frequency =1, intensity =2 rule” to determine the presence
or absence of individual CAPS PTSD symptoms. For example, a
patient was rated as having difficulty falling or staying asleep if
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that symptom was present (occurred at least once or twice, eg, in
the last week) and was at least moderate in intensity (30-90 min
sleep loss).

Statistics

We used the Cronbach « statistic to describe the internal con-
sistency of IES-R and CAPS items. In testing for differences
between patients who did or did not complete CAPS interviews,
we used ¢ tests (and Mann-Whitney U tests, if appropriate) to test
for differences in continuous variables and the 2 test to evaluate
for sex differences. We used Pearson and Spearman correlation
coefficients to examine bivariate relationships between contin-
uous variables. Though the Pearson r statistic is typically reported
in psychometric studies regardless of variable distributions, we
included Spearman p because the distributions of IES-R total
scores and CAPS total severity scores are skewed to the right.
We examined the screening characteristics of IES-R total scores
vs last-week CAPS DSM-IV PTSD diagnoses using a receiver
operating characteristics (ROC) curve, including the area under
the ROC curve (AUC), and sensitivities, specificities, positive and
negative predictive values, positive and negative likelihood ratios,
and efficiencies (defined as the numbers of true positives and true
negatives divided by the numbers of true positives, true negatives,
false positives, and false negatives)® at each IES-R total-score cut
point. In addition, we examined IES-R screening characteristics
vs last-week CAPS partial PTSD, as defined previously in this

report. Finally, we conducted exploratory subgroup analyses to
determine whether the AUC varied substantially by age, sex, or
time after ALL. We did not exclude any outliers in analyses. We
performed all analyses using SPSS, version 19 (IBM).

RESULTS

During the study period, 77 patients completed
the TES-R, and 60 of these patients completed CAPS
interviews. Of the 60 patients who completed CAPS
interviews, 35 were from ALTOS (all assessed 1 year
after ALI; mean [SD] age: 49 years [12], range: 21-71;
33% male patients), and 25 were from the ICAP study
(the numbers of patients assessed 2, 3, 4, and 5 years
after ALI were 1, 5, 13, and 6, respectively; mean [SD]
age: 54 years [13], range: 26-75; 44% male patients).
Reasons patients did not complete CAPS interviews
included patient scheduling difficulties within 1 week
of the IES-R (n=11), interviewer unavailability (n = 3),
communication errors between the parent study and
PTSD study teams (n = 2), and patient declining to
be interviewed (n =1).

4.00-]

3.007

2,007

1.007

IES-R total score for the last week

PTSD
diagnosis
O none

@ partial only
@ full

40 60

CAPS total severity score for the last week

FIGURE 1. Convergence of two measures of PTSD symptoms in the last week before interview: the
IES-R total score vs the CAPS total severity score. Lines indicate the slope and 95% CI of a fitted linear
regression line; Pearson = 0.80 (P<<.0005) and Spearman p=0.69 (P<.0005). CAPS = Clinician-Administered
PTSD Scale; IES-R = Impact of Events Scale-Revised; PTSD = postraumatic stress disorder.
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The internal consistency of the 22 IES-R item
scores was high (a =0.96). The mean IES-R total
scores for the 60 and 17 patients who did and did not
complete CAPS interviews were 0.95 (median [SD]:
0.68 [0.89]; range: 0-3.2) and 0.98 (median [SD]:
0.55 [1.0]; range: 0-3.6), respectively (P=.90). Patients
did not differ significantly between groups in age or
sex. The mean age of those who completed the inter-
views was 51 years (SD 13, range: 21-75), that of those
who did not complete the interviews was 46 years
(SD 14, range: 23-75; P = .22). Thirty-eight percent of
patients who completed the interviews were men;
53% of those who did not were men (P = .28).

The internal consistency of the 17 CAPS item
severity scores was high (a = 0.84). The mean CAPS
total severity score was 20 (median [SD], 16 [19];
range: 0-70). In our quality assurance exercise (n = 5),
co-interviewers agreed perfectly regarding PTSD diag-
nosis, and severity scores were highly correlated across
interviewers (Pearson r = 0.94, Spearman p = 1.0).
The most frequent CAPS PTSD symptoms were dif-
ficulty sleeping, irritability, and poor concentration
(e-Fig 1). Seventeen of the 60 interviewed patients
(28%) had CAPS-diagnosed PTSD since their initial
ALI hospitalization, and eight (13%) had CAPS-
diagnosed PTSD in the last week. The prevalence
of last-week, CAPS-diagnosed, partial PTSD (three
different definitions) ranged from 20%'7 to 25%?3;
16 (27%) of the patients met criteria for any last-week
CAPS, partial PTSD definition.

IES-R total scores, which reflect last-week symp-
tom severity, were highly correlated with CAPS last-
week total severity scores (Pearson r = 0.80, Spearman
p=0.69). Figure 1 shows the bivariate distribution of
these scores, with indicators for scores of patients
with last-week, CAPS-diagnosed, full or partial PTSD.
The screening properties of the IES-R were excel-
lent (Fig 2). The AUC for CAPS-diagnosed DSM-IV
PTSD was 95%, and those for partial PTSD ranged
from 95% to 97% (Table 1).

Table 1 also shows sensitivities, specificities, posi-
tive and negative predictive values, positive and neg-
ative likelihood ratios, and efficiencies for a range
of TES-R total score thresholds (1.0-2.0), using CAPS-
diagnosed, last-week, full PTSD or partial PTSD as
criterion variables. Using an IES-R total-score thresh-
old of 1.6, sensitivities ranged from 80% to 100%,
specificities 85% to 91%, positive predictive values
50% to 75%, negative predictive values 93% to 100%,
positive likelihood ratios 6.5 to 9.0, negative likeli-
hood ratios 0.0 to 0.2, and efficiencies 87% to 90%.

Using the information in Table 1, we concluded
that an IES-R total score threshold = 1.6 was optimal
for screening purposes in this population of ALI sur-
vivors. Figure 3 illustrates, using a flow diagram, the
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FIGURE 2. Receiver operating characteristics (ROC) curve for the
IES-R total score (test variable) vs CAPS (criterion variable, eight of
60 patients). The area under the ROC curve is 95% (95% CI,
88%-100%). See Figure 1 legend for expansion of abbreviations.

diagnostic accuracy of this threshold in predicting
CAPS-diagnosed full PTSD.

In the exploratory subgroup analyses, we used any
last-week, partial PTSD as the criterion variable to
maximize power. The AUC did not differ substantially
among subgroups. For the 29 patients aged <51 years
atinterview, the AUC was 90% (95% CI, 78%-100%),
and for the 31 patients aged =51 years at interview,
the AUC was 99% (95% CI, 96%-100%). For the
23 male patients, the AUC was 100%; for the 37 female
patients, the AUC was 95% (95% CI, 89%-100%).
For the 35 ALTOS patients interviewed 1 year after
ALI, the AUC was 94% (95% CI, 86%-100%); for the
25 ICAP study patients interviewed 2 to 5 years after
ALI (grouped together to maximize power), the AUC
was 97% (95% CI, 90%-100%).

Di1scussioN

To our knowledge, this is the first study to assess
the TES-R as a measure of PTSD symptoms in ALI
(or other critical illness) survivors. The IES-R appears
to be an excellent brief measure of PTSD symptoms
in this population; the correlation between the IES-R
total score and the CAPS total severity score was
high and in the expected range for measures of the
same mental health construct (0.7-0.8). In addition,
the IES-R appears to be an appropriate screening
tool for full or partial PTSD. At an IES-R threshold
of 1.6, using full or partial PTSD as criterion variables,
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Table 1—Sensitivities, Specificities, Predictive Values, Likelihood Ratios, and Efficiencies for IES-R Thresholds
Corresponding to Full or Partial PTSD*

TIES-R® Sensitivity Specificity PPV NPV LR+ LR— Efficiency
DSM-IV PTSD (n=8), AUC 95%, 95% CI, 88%-100%
1.0 100 71 35 100 3.5 0.0 75
1.1 100 75 38 100 4.0 0.0 78
12 100 77 40 100 4.3 0.0 80
14 100 83 47 100 5.8 0.0 85
1.6 100 85 50 100 6.5 0.0 87
1.8 75 86 46 96 5.6 0.3 85
2.0 7 92 60 96 9.8 0.3 90
Partial PTSDe (1), n= 12, AUC 97%, 95% CI, 92%-100%
1.0 100 77 52 100 4.4 0.0 82
1.1 100 81 57 100 5.3 0.0 85
12 100 83 60 100 6.0 0.0 87
14 92 88 65 98 7.3 0.1 83
1.6 92 90 69 98 8.8 0.1 90
1.8 75 92 69 94 9.0 0.3 88
2.0 66 96 80 92 16 0.4 90
Partial PTSD (2), n =13, AUC 95%, 95% CI, 89%-100%
1.0 92 76 52 97 3.9 0.1 80
1.1 92 81 57 97 4.8 0.1 83
12 92 83 60 98 5.4 0.1 85
1.4 85 87 65 95 6.6 0.2 87
1.6 85 89 69 95 8.0 0.2 88
1.8 69 91 69 91 8.1 0.3 87
2.0 66 96 80 92 16 0.4 90
Partial PTSD (3), n =15, AUC 96%, 95% CI, 91%-100%
1.0 100 82 65 100 5.6 0.0 87
1.1 93 84 67 97 6.0 0.1 87
1.2 93 87 70 98 7.0 0.1 88
14 87 91 76 95 9.8 0.2 90
1.6 80 91 75 93 9.0 0.2 88
1.8 67 93 77 89 10 0.4 87
2.0 53 96 80 86 12 0.5 85

Data given as % unless otherwise indicated. AUC = area under the receiver operating characteristics curve; DSM = Diagnostic and Statistical
Manual of Mental Disorders; IES-R = Impact of Event Scale-Revised; LR— = likelihood ratio of a negative test result; LR+ = likelihood ratio of
a positive test result; NPV = negative predictive value; PPV = positive predictive value; PTSD = posttraumatic stress disorder.

sAssessed using the Clinician-Administered PTSD Scale.
b[ES-R total score (mean of all items).

Partial PTSD definitions: (1) symptoms met the DSM-IV B criterion (reexperiencing), as well as either the C (avoidance/numbing) or D
(hyperarousal) criterion!%; (2) symptoms met the B criterion, as well as one or more C and D symptom criteria®; (3) symptoms met at least two of

three B, C, and D criteria.®

sensitivities ranged from 80% to 100%, specificities
85% to 91%, positive predictive values 50% to 75%,
negative predictive values 93% to 100%, positive
likelihood ratios 6.5 to 9.0, negative likelihood ratios
0.0 to 0.2, and efficiencies 87% to 90%.

To our knowledge, the only self-report questionnaire
of PTSD symptoms previously evaluated vs clinician
diagnoses in ICU survivors is the Posttraumatic Stress
Syndrome 10-Questions Inventory (PTSS-10).4 The
PTSS-10 mainly measures hyperarousal symptoms of
PTSD (five items), with one item to assess each of the
two other major DSM-IV PTSD domains: reexperi-
encing (“nightmares”) and avoidance (“the need to
withdraw from others”).#! The PTSS-10 also includes
two mood items (“depression, I feel dejected/down-
trodden” and “frequent mood swings”) and one muscle-
tension item, none of which are DSM-IV PTSD

28

symptoms. Though the IES-R includes more items,
potential advantages include the following: (1) it is
“anchored” to a particular trauma (eg, critical illness
and ICU care), and (2) it covers a wide range of DSM-IV
PTSD symptoms. Recently, Twigg et al*! expanded
the PTSS-10 to create the PTSS-14, which includes
a flashback item, an additional avoidance item, and
two numbness items. The investigators evaluated the
PTSS-14 against the Posttraumatic Stress Diagnostic
Scale,” a validated diagnostic questionnaire. The AUC
ranged from 82% to 95%.4

This study has potential limitations. First, the posi-
tive predictive values from this study of ALI survivors
may not generalize well to all critical illness survivors.
That is, critical illnesses like ALI and septic shock
may be associated with relatively more post-ICU PTSD
phenomena,?+> and other PTSD risk factors could
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Eligible patients, completed IES-R

n=77

Excluded patients (no CAPS)

-scheduling difficulties, n=11
-interviewer unavailability, n=3

Had IES-R
n=

and CAPS
60

-communication errors, n=2
-patient refusal, n=1

IES-Rtotal <1.6
n=44

IES-R total 21.6
n=16

CAPS PTSD
present, n=0

CAPS PTSD
absent, n=44

CAPS PTSD
present, n=8

CAPS PTSD
absent, n=8

FIGURE 3. Flow diagram of the diagnostic accuracy of an IES-R total score threshold = 1.6 using CAPS
PTSD as the criterion variable. See Figure 1 legend for expansion of abbreviations.

also affect prevalences, and thus positive predictive
values. Second, we did not evaluate survivors until a
year or more after ALL. However, we are encouraged
because the AUC did not differ substantially for the
group assessed 1 year post-ALI (ie, ALTOS patients)
vs the group assessed between 2 and 5 years post-ALI
(ie, ICAP study patients). Third, we had limited power
in our exploratory subgroup analyses, and limited
information on PTSD risk factors such as pre-ALI
traumatic events/psychiatric history or post-ALI social
support. As noted in a recent review article,* more
studies are needed to examine PTSD screening-tool
measurement properties in population subgroups.
Fourth, we did not assess the measurement properties
of the IES-R in survivors’ family members, who often
experience substantial distress as well.#

Given the promising measurement characteristics
of the IES-R, we propose that this instrument be used
to examine questions regarding the etiology, preven-
tion, and treatment of PTSD symptoms in critical-
illness/ICU survivors. For example, to what extent
is in-ICU amount/duration of benzodiazepine/opiate
administration a marker of pre-ICU risk for post-ICU
PTSD symptoms, vs a cause? If a need for high
amounts of sedation reflects something about the
patients themselves (eg, vulnerability to extreme dis-
tress in the context of critical illness/intensive care),
such patients may benefit from more careful moni-
toring during recovery. However, if particular seda-
tion strategies are causally related to post-ICU PTSD
symptoms, then alternative sedation strategies may

journal.publications.chestnet.org

be preventive. Also, does corticosteroid administra-
tion prevent post-ICU PTSD symptoms generally, as
seen previously in particular patient groups,* and does
in-ICU catecholamine administration cause PTSD
symptoms?*” The answers could affect the risk-benefit
analysis clinicians make when deciding whether to
administer corticosteroids. Finally, what other pre-
ventive interventions or treatments may be useful?
ICU diaries,* in-ICU social support,* and in-ICU
psychologic interventions® appear beneficial, but
might post-ICU cognitive-behavioral therapy and/or
antidepressants aid recovery? These are important
questions for future research.
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