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Abstract

Background: As more patients are surviving intensive care, mental health concerns in survivors have become a
research priority. Among these, post-traumatic stress disorder (PTSD) can have an important impact on the quality
of life of critical care survivors. However, data on its burden are conflicting. Therefore, this systematic review and
meta-analysis aimed to evaluate the prevalence of PTSD symptoms in adult critical care patients after intensive care
unit (ICU) discharge.

Methods: We searched MEDLINE, EMBASE, LILACS, Web of Science, PsycNET, and Scopus databases from inception

to September 2018. We included observational studies assessing the prevalence of PTSD symptoms in adult critical

care survivors. Two reviewers independently screened studies and extracted data. Studies were meta-analyzed using
a random-effects model to estimate PTSD symptom prevalence at different time points, also estimating confidence
and prediction intervals. Subgroup and meta-regression analyses were performed to explore heterogeneity. Risk of

bias was assessed using the Joanna Briggs Institute tool and the GRADE approach.

Results: Of 13,267 studies retrieved, 48 were included in this review. Overall prevalence of PTSD symptoms was
19.83% (95% confidence interval [Cl], 16.72-23.13; > = 90%, low quality of evidence). Prevalence varied widely across
studies, with a wide range of expected prevalence (from 3.70 to 43.73% in 95% of settings). Point prevalence
estimates were 15.93% (95% Cl, 11.15-21.35; I = 90%; 17 studies), 16.80% (95% Cl, 13.74-20.09; I = 66%; 13 studies),
18.96% (95% Cl, 14.28-24.12; I* = 92%; 13 studies), and 20.21% (95% Cl, 13.79-27.44; I> = 58%; 7 studies) at 3, 6, 12,
and > 12 months after discharge, respectively.

Conclusion: PTSD symptoms may affect 1 in every 5 adult critical care survivors, with a high expected prevalence
12 months after discharge. ICU survivors should be screened for PTSD symptoms and cared for accordingly, given
the potential negative impact of PTSD on quality of life. In addition, action should be taken to further explore the
causal relationship between ICU stay and PTSD, as well as to propose early measures to prevent PTSD in this
population.

Trial registration: PROSPERO, CRD42017075124, Registered 6 December 2017.
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review
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Background

Mortality in critical care has steadily declined in recent
decades [1, 2]. As a result, concerns about long-term
outcomes and quality of life in critical care survivors
have become a priority. Recently, more attention has
been given to the psychiatric consequences of acute
illness in the intensive care unit (ICU), especially in
young patients. Psychiatric disorders, such as anxiety,
depression, and post-traumatic stress disorder (PTSD),
are known to have a strong impact on the quality of life
in long-term ICU survivors [3].

PTSD is characterized by having been exposed to an
event that is life-threatening or perceived as life-
threatening and, subsequently, developing intrusive
recollections of the event, hyperarousal symptoms,
and avoidant behavior related to the traumatic event
[4]. Negative changes in cognition and mood are often
part of the clinical picture of PTSD. The classical
notion of PTSD as a reaction to warfare or natural
disasters has been recently extended to include reac-
tion to road traffic accidents, sexual assaults, and
medical conditions such as critical care admission [5].
However, the burden of PTSD associated with critical
illness remains unclear.

An in-depth understanding of the current prevalence,
risk factors, and accuracy of diagnostic tools is essential
to establish early interventions aiming to prevent or
minimize PTSD after ICU admission [6]. Prevalence esti-
mates of PTSD among ICU survivors have ranged widely
from 4 to 62% [7]. This variability seems to be dependent
on the time of PTSD assessment, instrument used, and
population studied [7].

Although previous systematic reviews of PTSD preva-
lence among ICU survivors have been published, there
has been increasing interest in this topic in the last few
years, and the literature on PTSD in survivors of critical
illness has expanded substantially. Moreover, there has
been an improvement in methods used for pooling preva-
lence estimates and interpreting their results. Therefore,
given the absence of recent reviews on this topic, we
designed the present systematic review and meta-analysis
to estimate the overall prevalence of PTSD in adult survi-
vors of critical care.

Methods

This systematic review and meta-analysis was conducted
following the recommendations of the Joanna Briggs Insti-
tute (JBI) Reviewers’ Manual [8] and the Preferred Report-
ing Items for Systematic Reviews and Meta-analyses
(PRISMA) Statement [9, 10]. The systematic review proto-
col was registered with the International Prospective
Register of Systematic Reviews (PROSPERO; registration
number CRD42017075124).
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Eligibility criteria

The inclusion criteria were defined based on the Condition,
Context, Population (CoCoPop) framework, as follows: (1)
observational studies (cohort, case-control, cross-sectional
studies, or case series) published as full-text articles, (2)
context—patients who survived critical care admission, (3)
condition—prevalence of PTSD symptoms after ICU dis-
charge, and (4) population analyzed—adult critical care
survivors (age > 18 years). We excluded studies that did not
report sufficient data to estimate PTSD prevalence, review
articles, letters to the editor or comments, studies evaluat-
ing neonatal/pediatric critical care units, and studies evalu-
ating patients admitted for acute neurological diseases.

Data sources and search strategy

We searched the MEDLINE (via PubMed), EMBASE,
LILACS, Web of Science, PsycNET, and Scopus data-
bases from inception to September 2018. In addition, we
reviewed the reference lists of previous systematic re-
views covering the same research question [7, 11, 12]. No
language restrictions were imposed. The following search
terms were used for all databases: critical care, intensive
care units, critical illness, sepsis, and adult respiratory dis-
tress syndrome, which were cross-referenced to the terms
outcome, follow-up, and post-traumatic stress disorder.
The complete search strategies used for all databases are
presented in Additional file 1: Table S1.

Study selection

Two reviewers (CR and RTAS) independently screened
titles and abstracts identified by the initial search. The
full text of potentially relevant articles was obtained to
determine whether the studies met the inclusion criteria.
Furthermore, the reference lists of the selected articles
were hand-searched to detect any additional studies that
had not been identified by the initial electronic search.
Disagreements between the two reviewers were re-
solved by consensus or by involving a third reviewer
(FAB) for arbitration.

Data extraction

Two reviewers (CR and RTAS) independently extracted
data from the selected articles, recording the following in-
formation if available: (1) study characteristics (location,
period of enrollment, criteria for enrollment, number of
patients enrolled, population characteristics, duration of
follow-up), (2) study design, (3) reason for ICU admission,
(4) number of patients evaluated/observed, (5) instrument
used for PTSD assessment, (6) prevalence of PTSD after
ICU discharge, and (7) time elapsed from discharge to as-
sessment. Any discrepancies were resolved by discussion
and consensus among the reviewers (CR, RTAS, FAB). If
data were not reported, we contacted the corresponding
authors by email.
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Outcomes

The main outcome of interest was the prevalence of
PTSD in adult survivors of critical care at different time
points after ICU discharge. The diagnosis of PTSD was
considered according to each individual study definition.

Assessment of study quality

We assessed the methodological quality of included
studies using the JBI critical appraisal checklist for stud-
ies reporting prevalence data [13]. This checklist con-
tains 9 questions, which we divided into 3 domains:
participants (questions 1, 2, 4, and 9), outcome measure-
ment (6 and 7), and statistics (3, 5, and 8). A study was
rated as having high quality when the methods were ap-
propriate in all 3 domains.

We used the GRADE approach to assess the overall
quality of evidence [14]. In the absence of a formal pro-
cedure for the assessment of certainty in prevalence esti-
mates, we applied the framework developed for incidence
estimates in the context of prognostic studies [15].

Statistical analysis

We pooled the prevalence estimates from included stud-
ies using a random-effects meta-analysis model with the
DerSimonian and Laird variance estimator. Prevalence
estimates were transformed using the Freeman-Tukey
double arcsine transformation so that the data followed
an approximately normal distribution. Heterogeneity be-
tween studies was assessed by Cochran’s Q test and I*
statistic. Since prevalence estimates vary in different
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settings due to several factors, such as different patient
and ICU characteristics, we also estimated prediction in-
tervals to provide a range of expected PTSD prevalence
in different settings [16].

Data from the longest follow-up available in each
study were used to estimate the overall prevalence. We
performed subgroup analyses to assess whether the
method used to diagnose PTSD (screening instrument
alone or clinical assessment) and the time point of PTSD
assessment (< 3, 3, 6, 12, or > 12 months after ICU ad-
mission or discharge) influenced our pooled estimate.
We also performed a meta-regression analysis to explore
the association between PTSD prevalence estimates and
two variables: mean participant age and percentage of
respondents in each study. We did not perform a meta-
regression analysis for time point of PTSD assessment as
a covariate, because we did not expect it to have a linear
association with PTSD prevalence.

Results are presented in forest plots with 95% confi-
dence intervals (95% Cls) or scatter plots with point esti-
mates and 95% CI. All analyses were performed using R
statistical software version 3.4.4 (R Development Core
Team, 2008), with package meta version 4.8-1 [17] and
package ggplot2 version 2.2.1 [18].

Results

Of 13,267 records identified, 250 studies were selected
for full-text assessment (Fig. 1). Of these, 48 studies
enrolling a total of 7152 patients were included in our
systematic review and meta-analysis [3, 6, 19-64].

Studies identified through database search:
13 220

Other sources:
47

7799 abstracts

é’ 7549 excluded after reading titles and abstracts

250 full-text articles
assessed

202 excluded
Did not evaluate PTSD — 138
Unable to extract prevalence data for PTSD — 25
Patients with acute neurological disease — 13
Letter/Review/Protocol - 11
Unable to find complete article — 5
Non-ICU patients- 5
Same population of other study — 4
Other - 1

48 studies included in
the systematic review

Fig. 1 Flowchart of study selection
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The characteristics of the included studies are shown
in Table 1. The time span of the studies was from 1996
to 2018. Most studies were conducted in mixed ICUs
(16 studies), followed by medical ICUs (13 studies),
trauma ICUs (5 studies), surgical ICUs (3 studies), and
long-term and cardiac ICUs (2 studies each). Ten studies
did not report the type of ICU involved. The mean age
of enrolled patients ranged from 36.5 to 68.0 years; 27
studies reported a male predominance. Except for 4
studies conducted in Australia [20, 25, 33, 62], 2 con-
ducted in Latin America [24, 29], 1 study conducted in
Iran [22], and 4 studies in which location was not
reported [30, 41, 46, 57], all other studies (77%) were
conducted in the USA or Europe.

Prevalence of PTSD

The overall pooled prevalence of PTSD symptoms in
ICU survivors was 19.83% (95% CI, 16.72—-23.13;
I =90%; low quality of evidence) (Fig. 2). The pre-
diction interval for overall PTSD symptoms estimate
ranged from 3.70 to 43.73%, with 95% confidence.
This prediction interval represents the range of ex-
pected PTSD prevalence after ICU discharge in 95%
of settings.

The prevalence of PTSD symptoms ranged from
15.93 to 25.69% according to the time of assessment
(Fig. 3). Point prevalence estimates were 15.93% (95%
CI, 11.15-21.35.00; I* = 90%; 17 studies), 16.80% (95%
CI, 13.74-20.09; I* = 66%; 13 studies), 18.96% (95% ClI,
14.28-24.12; > =92%; 13 studies), and 20.21% (95%
CI, 13.79-27.44; I’ = 58%; 7 studies) at 3, 6, 12, and >
12 months after discharge, respectively. Eight studies
[22, 27, 37, 46, 49, 52, 62, 63] measured the prevalence
of symptoms associated with PTSD up to 3 months
after ICU discharge, yielding a pooled prevalence esti-
mate of 25.69% (95% CI, 14.87-38.19; I = 94%). How-
ever, this high estimate may refer mainly to acute
stress disorder rather than PTSD, since in most cases
it resolved within 3 months.

Subgroup analysis showed that PTSD prevalence as
measured by screening instruments alone was 20.18%
(95% CI, 16.64—23.96; I =91%). When the diagnosis
was based on clinical assessment, PTSD prevalence was
18.58% (95% CI, 12.26-25.80; I* =80%) (Fig. 4). The
difference between these two subgroups was not statisti-
cally significant (p = 0.71). Additional analyses according
to different instruments used at different time points
provided similar results (Additional file 1: Table S2,
Figure S1, S2, S3, S4, and S5).

Meta-regression analysis showed no linear association
between the prevalence of PTSD symptoms and mean
participant age or percentage of respondents in the study
(data not shown).
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Quality of evidence

A summary of the risk of bias in the included studies,
based on the JBI tool, is provided in Additional file 1:
Table S3. No study was rated as having high quality; all
had limitations in at least 1 of the 3 prespecified do-
mains (participants, outcome measurement, and statis-
tics). Most studies (n =45, 94%) clearly described the
study participants and the setting. However, most studies
(n=29, 61%) had a study population that did not appro-
priately address our target population, since they in-
cluded patients only from specific ICU settings or with
specific medical conditions. Twenty-seven studies (56%)
did not report how patients were recruited. Eleven stud-
ies (23%) had an inadequate response rate. Regarding
outcome measurement, most studies (n=45, 94%)
assessed PTSD using a standard method for all patients.
However, only 10 studies (21%) used clinical assessment
to diagnose PTSD, while the other 38 (79%) used only
screening instruments. All studies performed appropri-
ate statistical analyses, but the sample size was consid-
ered inappropriate in 19 studies (40%).

The overall quality of evidence for PTSD symptoms
prevalence estimates was rated as low according to
GRADE, mainly because the studies provided only indir-
ect evidence (Additional file 1: Table S4).

Discussion

In this systematic review and meta-analysis of 48 studies,
we found that 1 in every 5 adult survivors of critical care
(19.83%) develops PTSD symptoms in the year following
ICU discharge. The pooled prevalence of PTSD symp-
toms in critical care survivors was comparable to that of
civilian war survivors (26%) [65], but much higher than
that reported in many countries among those exposed to
traumatic events (2.5-3.5%) [66]. It was also similar to
the 20% prevalence of mental disorder after humanitar-
ian emergencies estimated by the World Health
Organization [67]. In the USA, 5.7 million patients are
admitted annually to ICUs, with an average mortality
rate ranging from 10 to 29% [68]. These data allow us to
estimate that approximately 1 million patients develop
PTSD after ICU admission annually.

In the present study, the pooled prevalence of PTSD
symptoms was 25.69% when measured shortly after ICU
discharge (less than 3 months). However, such a high
early prevalence of PTSD symptoms may reflect acute
stress disorder rather than PTSD. Acute stress symp-
toms are similar to the post-traumatic stress symptoms
that occur within the first month of exposure to a stres-
sor, such as ICU admission [4]. Acute stress disorder
may be triggered by fragmented ICU memories of trau-
matic or psychotic experiences [42] and is a risk factor
for the development of PTSD [69]. Although lower, the
prevalence range (from 15.93% at 3 months to 18.96% at
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P
Events per 100
Study Events Total observations Events 95%-Cl Weight
Abraham, 2014 30 115 - 26.09 [18.34;35.10] 2.2%
Aitken, 2017 7 57 B+ 12.28 [5.08;23.68] 2.0%
Asimakopoulou, 2015 18 102 E = 17.65 [10.81;26.45] 2.2%
Bashar, 2018 83 181 = 45.86 [38.44;53.41] 2.3%
Bienvenu, 2016 66 186 - 35.48 [28.62;42.82] 2.3%
Boer, 2008 41 108 —— 37.96 [28.80;47.81] 2.2%
Buguedo, 2013 20 75 = 26.67 [17.11;38.14] 2.1%
Castillo, 2016 15 92 — 16.30 [9.42;25.46] 2.2%
Chabhraoui, 2015 3 20 —+—— 15.00 [3.21;37.89] 1.4%
Cox, 2012 12 21 —_— 57.14 [34.02;78.18] 1.5%
Cuthbertson, 2004 1 78 - 1410 [7.26;23.83] 2.1%
da Costa, 2012 7 138 = 5.07 [2.06;10.17] 2.3%
Davydow, 2009 364 1456 25.00 [22.79;27.31] 2.5%
Davydow, 2014 18 120 =+ 15.00 [9.14;22.67] 2.2%
De Miranda, 2008 11 53 —=— 20.75 [10.84; 34.11] 2.0%
Elliott, 2016 24 178 13.48 [8.83;19.39] 2.3%
Girard, 2007 6 43 ———— 13.95 [5.30;27.93] 1.9%
Granja, 2008 54 313 = 17.25 [13.23;21.90] 2.4%
Griffiths, 2006 56 108 —— 51.85 [42.03;61.57] 2.2%
Gunther, 2017 4 30 —FHF— 13.33 [3.76;30.72] 1.7%
Hauer, 2009 9 33 —— 27.27 [13.30;45.52] 1.7%
Hauer, 2011 15 126 = 11.90 [6.82;18.87] 2.3%
Hepp, 2008 32 90 —— 35.56 [25.74;46.35] 2.2%
Huang, 2016 132 573 = 23.04 [19.65;26.71] 2.5%
Jackson, 2014 24 361 6.65 [4.31; 9.73] 24%
Jénasddttir, 2017 15 102 = 1471 [8.47;23.09] 2.2%
Jones, 2007 22 238 = 9.24 [5.88;13.66] 2.4%
Jones, 2017 29 332 =+ 8.73 [5.93;12.30] 2.4%
Jubran, 2010 5 41 —— 12.20 [4.08;26.20] 1.8%
Kapfhammer, 2004 1 46 — 23.91 [12.59;38.77] 1.9%
Kress, 2003 6 32 —H— 18.75 [7.21;36.44] 1.7%
Myhren, 2009 64 238 e 26.89 [21.37;33.00] 2.4%
Myhren, 2010 48 180 — 26.67 [20.36;33.76] 2.3%
Nickel, 2004 4 4 = 9.76 [2.72;23.13] 1.8%
Richter, 2006 7 37 —— 18.92 [7.96;35.16] 1.8%
Samuelson, 2007 19 226 = 8.41 [5.14;12.82] 2.4%
Schelling, 1999 21 54 —= 38.89 [25.92;53.12] 2.0%
Schelling, 2001 8 20 — 40.00 [19.12;63.95] 1.4%
Schnyder, 2001 5 106 = 472 [1.55;10.67] 2.2%
Scragg, 2001 12 80 —H— 15.00 [8.00;24.74] 2.1%
Shaw, 2001 7 20 —_—— 35.00 [15.39;59.22] 1.4%
Strom, 2011 1 26 = 3.85 [0.10;19.64] 1.6%
Twigg, 2008 10 44 —— 2273 [11.47;37.84] 1.9%
van der Schaaf, 2009 43 255 L 3 16.86 [12.48;22.03] 2.4%
Wade, 2012 27 100 - 27.00 [18.61;36.80] 2.2%
Wallen, 2008 13 100 = 13.00 [7.11;21.20] 2.2%
Weinert, 2008 12 80 —+H— 15.00 [8.00;24.74] 2.1%
Wintermann, 2017 29 97 = 29.90 [21.02; 40.04] 2.2%
Random effects model 7152 <> 19.83 [16.72; 23.13] 100.0%
Prediction interval [ 3.70; 43.73]
Heterogeneity: /2 = 90%, 12 = 0.0158, p <0101 | T T T !
0 20 40 60 80 100
Fig. 2 Overall pooled prevalence of post-traumatic stress disorder in adult critical care survivors

12 months) is clinically important, since it may have a
negative impact on the quality of life in long-term ICU
survivors.

Our systematic review has several limitations. First,
despite the use of rigorous, up-to-date methods of data
analysis and quality of evidence assessment and a com-
prehensive search of 6 databases that identified more
than 13,000 records, only a few studies reporting data
on PTSD prevalence in ICU survivors in specific settings
were eligible for inclusion. In addition, most of the in-
cluded studies had methodological issues that limited
the generalizability of the results. Second, PTSD was
assessed using different strategies in the included stud-
ies. As discussed previously, the diagnosis of PTSD can
be challenging, and the use of screening instruments
may overestimate PTSD prevalence [70]. However, to

date, only a few instruments have been validated for use
in the ICU, of which only the Impact of Event Scale—re-
vised [71] and the Post-Traumatic Stress Syndrome 10-
Question Inventory have shown good correlation with
clinical diagnosis [72]. The lack of proper validation of
methods used to evaluate PTSD, as well as their hetero-
geneity, may have had an impact on the exact prevalence
measured in the different studies. However, this impact
was minimized in the present systematic review, since
similar prevalence estimates of PTSD symptoms were
obtained with both clinical assessment (18.58%) and
screening instruments (20.18%). Third, there was no par-
allel assessment of cognitive function in the included stud-
ies. An association of long-term PTSD with cognitive
dysfunction has been recently reported [73]; however, to
date, it remains unknown how cognitive dysfunction can
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Events per 100

Study Events Total observations Events 95%-ClI
Bashar, 2018 83 181 —— 45.86 [38.44; 53.41]
Cox, 2012 12 21 —— = 57.14 [34.02;78.18]
Gunther, 2017 4 30 —— 13.33 [3.76; 30.72]
Kapfhammer, 2004 20 46 —a— 43.48 [28.93; 58.89]
Myhren, 2009 64 238 - 26.89 [21.37;33.00]
Samuelson, 2007 19 226 —+ 8.41 [5.14;12.82]
Wallen, 2008 13 100 —— 13.00 [7.11;21.20]
Weinert, 2008 25 149 - 16.78 [11.16; 23.76]

_
Aitken, 2017 7 57 ——— 12.28 [5.08; 23.68]
Asimakopoulou, 2015 18 102 —— 17.65 [10.81; 26.45]
Bienvenu, 2016 36 151 —&— 23.84 [17.29; 31.45]
Castillo, 2016 19 101 —a— 18.81 [11.72; 27.81]
Chahraoui, 2015 3 20 —+—m 15.00 [3.21;37.89]
Cuthbertson, 2004 1M1 78 —— 14.10 [7.26;23.83]
da Costa, 2012 7 138 —+— 5.07 [2.06;10.17]
Davydow, 2014 21 131 —-— 16.03 [10.21; 23.45]
De Miranda, 2008 11 53 —— 20.75 [10.84; 34.11]
Griffiths, 2006 56 108 —— 51.85 [42.03; 61.57]
Jackson, 2014 27 415 =+ 6.51 [4.33; 9.33]
Jonasdoéttir, 2017 12 130 —— 9.23 [4.86; 15.57]
Jones, 2007 22 238 9.24 [5.88;13.66]
Jones, 2017 29 332 8.73 [5.93;12.30]
Jubran, 2010 5 41 —— 12.20 [4.08;26.20]
Twigg, 2008 10 44 — 22.73 [11.47;37.84]
Wade, 2012 27 100 —— 27.00 [18.61; 36.80]

e
Bienvenu, 2016 32 161 —— 19.88 [14.01; 26.88]
Castillo, 2016 15 92 —— 16.30 [9.42; 25.46]
Elliott, 2016 24 178 = 13.48 [8.83;19.39]
Girard, 2007 6 43 —— 13.95 [5.30; 27.93]
Granja, 2008 54 313 = 17.25 [13.23; 21.90]
Hauer, 2011 15 126 —— 11.90 [6.82;18.87]
Hepp, 2008 1 90 —— 12.22 [6.26;20.82]
Huang, 2016 148 605 = 24.46 [21.09; 28.09]
Jonasdéttir, 2017 15 110 —— 13.64 [7.84;21.49]
Kress, 2003 6 32 —— 18.75 [7.21;36.44]
Nickel, 2004 4 41 —— 9.76 [2.72;23.13]
Weinert, 2008 12 80 —— 15.00 [8.00; 24.74]
Wintermann, 2017 29 97 —— 29.90 [21.02; 40.04]

<
Abraham, 2014 30 115 —E— 26.09 [18.34; 35.10]
Bienvenu, 2016 32 141 —— 22.70 [16.07; 30.50]
Boer, 2008 41 108 —a— 37.96 [28.80;47.81]
Buguedo, 2013 20 75 —a— 26.67 [17.11; 38.14]
Davydow, 2009 364 1456 = 25.00 [22.79;27.31]
Davydow, 2014 18 120 —a— 15.00 [9.14;22.67]
Hepp, 2008 12 90 —— 13.33 [7.08;22.13]
Huang, 2016 132 573 = 23.04 [19.65; 26.71]
Jackson, 2014 24 361 - 6.65 [4.31; 9.73]
Jonasdéttir, 2017 15 102 —& 14.71 [8.47;23.09]
Myhren, 2010 48 180 —&— 26.67 [20.36; 33.76]
Schnyder, 2001 5 121 =+ 4.13 [1.36; 9.38]
van der Schaaf, 2009 43 255 - 16.86 [12.48; 22.03]

=
Bienvenu, 2016 32 135 —_ 23.70 [16.81;31.78]
Hauer, 2009 9 33 —a— 27.27 [13.30; 45.52]
Hepp, 2008 13 90 —— 14.44 [7.92;23.43]
Kapfhammer, 2004 11 46 — 23.91 [12.59; 38.77]
Richter, 2006 7 3 — 18.92 [7.96; 35.16]
Schelling, 2001 8 20 —a— 40.00 [19.12; 63.95]
Strom, 2011 1 26— 3.85 [0.10; 19.64]

g

T 1

20 40 60

Fig. 3 Prevalence of post-traumatic stress disorder according to the time point of assessment
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P
Events per 100
Study Events Total observations Events 95%—ClI Weight
Asimakopoulou, 2015 18 102 - 17.65 [10.81;26.45] 2.2%
Cuthbertson, 2004 11 78 - 1410 [7.26;23.83] 2.1%
da Costa, 2012 7 138 — 5.07 [2.06;10.17] 2.3%
Hauer, 2009 9 33 —— 27.27 [13.30;45.52] 1.7%
Jubran, 2010 5 M — 12.20 [4.08;26.20] 1.8%
Kapfhammer, 2004 11 46 — 23.91 [12.59;38.77] 1.9%
Kress, 2003 6 32 — 18.75 [7.21;36.44] 1.7%
Nickel, 2004 4 M - 9.76 [2.72;23.13] 1.8%
Richter, 2006 7 37 — 18.92 [7.96;35.16] 1.8%
Schelling, 1999 21 54 — 38.89 [25.92;53.12] 2.0%
Wintermann, 2017 29 97 —a 29.90 [21.02;40.04] 2.2%
<
Abraham, 2014 30 115 . 26.09 [18.34;35.10] 2.2%
Aitken, 2017 7 57 - 12.28 [5.08;23.68] 2.0%
Bashar, 2018 83 181 . 45.86 [38.44;53.41] 2.3%
Bienvenu, 2016 66 186 - 35.48 [28.62;42.82] 2.3%
Boer, 2008 41 108 — 37.96 [28.80;47.81] 2.2%
Buguedo, 2013 20 75 . 26.67 [17.11;38.14] 21%
Castillo, 2016 15 92 - 16.30 [9.42;25.46] 2.2%
Chahraoui, 2015 3 20 —+—— 15.00 [3.21;37.89] 1.4%
Cox, 2012 12 21 — 5714 [34.02;78.18] 1.5%
Davydow, 2009 364 1456 -+ 25.00 [22.79;27.31] 2.5%
Davydow, 2014 18 120 - 15.00 [9.14;22.67] 2.2%
De Miranda, 2008 11 53 — 20.75 [10.84;34.11] 2.0%
Elliott, 2016 24 178 - 13.48 [8.83;19.39] 2.3%
Girard, 2007 6 43 — 13.95 [5.30;27.93] 1.9%
Granja, 2008 54 313 o 17.25 [13.23;21.90] 2.4%
Griffiths, 2006 56 108 —_— 51.85 [42.08;61.57] 2.2%
Gunther, 2017 4 30 —— 13.33 [3.76;30.72] 1.7%
Hauer, 2011 15 126 - 11.90 [6.82;18.87] 2.3%
Hepp, 2008 32 90 —— 35.56 [25.74;46.35] 2.2%
Huang, 2016 132 573 = 23.04 [19.65;26.71] 2.5%
Jackson, 2014 24 361 -+ 6.65 [4.31; 9.73] 2.4%
Jénasdattir, 2017 15 102 - 1471 [8.47;23.09] 2.2%
Jones, 2007 22 238 3 9.24 [5.88;13.66] 2.4%
Jones, 2017 29 332 = 8.73 [5.93;12.30] 2.4%
Myhren, 2009 64 238 - 26.89 [21.37;33.00] 2.4%
Myhren, 2010 48 180 —_— 26.67 [20.36;33.76] 2.3%
Samuelson, 2007 19 226 . 8.41 [5.14;12.82] 2.4%
Schelling, 2001 8 20 —— 40.00 [19.12;63.95] 1.4%
Schnyder, 2001 5 106 = 472 [155;10.67] 2.2%
Scragg, 2001 12 80 e 15.00 [8.00;24.74] 2.1%
Shaw, 2001 7 20 — 35.00 [15.39;59.22] 1.4%
Strom, 2011 1 26 —+— 3.85 [0.10;19.64] 1.6%
Twigg, 2008 10 44 —_— 2273 [11.47;37.84] 1.9%
van der Schaaf, 2009 43 255 - 16.86 [12.48;22.03] 2.4%
Wade, 2012 27 100 —_— 27.00 [18.61;36.80] 2.2%
Wallen, 2008 13 100 - 13.00 [7.11;21.20] 2.2%
Weinert, 2008 12 80 -t 15.00 [8.00;24.74] 2.1%
<>
Random effects model 7152 < 19.83 [16.72; 23.13] 100.0%
Prediction interval [ 3.70; 43.73]
Heterogeneity: /2 = 90%, t° = 0.0158, p < 0.01 | T T T T !
0 20 40 60 80 100
Fig. 4 Prevalence of post-traumatic stress disorder according to the assessment method

influence PTSD assessment and follow-up, especially re-
garding consolidation of traumatic memories during
mechanical ventilation and sedation. Moreover, PTSD can
coexist and be confused with other major psychiatric
disorders, such as depression and anxiety [74]. Fourth, the
observed statistical heterogeneity was high (90%). How-
ever, in contrast with randomized trials, non-controlled

studies (e.g., studies of prevalence and incidence) usually
have smaller variances and narrower Cls, even with small
sample sizes. Thus, a high statistical inconsistency is often
expected in meta-analyses of prevalence estimates. Given
that the estimates of individual studies included in our
meta-analysis ranged mostly from 12 to 30% (similar to
the pooled estimate and included in the prediction
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interval), and we observed consistent results within sub-
group analyses (according to instrument used for diagno-
sis, length of time after ICU stay, and demographic
factors), we hypothesize that most of observed inconsist-
encies may have been the result of the diversity of settings
(e.g., patient and ICU characteristics). Fifth, despite the
high prevalence observed, it was not possible to establish
a direct causal relationship between ICU stay and PTSD,
which may be partially explained by other factors, such as
the underlying condition of each patient. In this context,
action should be taken to further explore the causal rela-
tionship between ICU stay and PTSD, as well as to more
accurately identify individuals at increased risk of develop-
ing PTSD symptoms.

Common stressors in critically ill patients, such as
respiratory failure, inflammation, delirium, and com-
munication barriers, may contribute to the occurrence
of PTSD, and proper prevention and management of
these factors may reduce PTSD incidence after ICU
discharge [75]. Also, evidence is emerging that an ICU
diary—written by family members or ICU staff—may
help patients fill in gaps in their memories, thus redu-
cing the risk of PTSD development [42, 76, 77]. The
increased prevalence of PTSD over time in cases that
have not received treatment for PTSD symptoms must
be highlighted. Although there is little evidence to
support the effectiveness of interventions to improve
PTSD symptoms among ICU survivors, early treat-
ment with psychotherapy or pharmacological therapy
(e.g., antidepressants) may improve quality of life, as
observed in PTSD associated with other stressful
events [78].

Overall, our findings may have important clinical
implications. Despite the high prevalence of PTSD, this
disorder is probably underdiagnosed in the post-ICU
population. ICU survivors should be screened for PTSD
symptoms and cared for accordingly, given the high
rates and potential negative impact of PTSD on quality
of life. In addition, early and effective measures should
be implemented during and after ICU stay to prevent
PTSD in this population.

Conclusion

PTSD symptoms affect a large proportion of critical care
survivors, with a high expected prevalence in the first
year following discharge from the ICU. Screening of
ICU patients for PTSD symptoms, followed by proper
support and treatment, is needed, given the potential
negative impact of PTSD on quality of life. Additional
studies should explore whether a causal relationship
exists between ICU stay and PTSD, as well as propose
additional measures to prevent and treat PTSD among
critically ill patients.
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