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GENERAL INTRODUCTION
Postintensive care syndrome
Cardiac surgery and admission to an intensive care unit (ICU) are both stressful events which
can have significant impact on a patients’ wellbeing (1). Mental health is often compromised
and postoperative stress-related psychopathology is reported in a considerable part of
patients (2-4). Furthermore, patients who have been admitted to an ICU can also experience
substantial – often long-term – morbidity. Physical complaints, such as muscle weakness, but
also brain dysfunction (characterized by cognitive impairment and mental health problems)
are common up to years after discharge. These morbidities – under the denominator
‘postintensive care syndrome’ or ‘PICS’ – affect activities of daily living and health related
quality of life of ICU survivors (5,6).
Cardiac interventions are frequently performed major surgical procedures, aiming
for substantial improvement of (physical) health. Since cardiac surgery is often followed
by a short admission to the ICU, these patients are at a considerable risk to develop stressrelated psychopathology. Two disorders that can hamper full recovery, are post-traumatic
stress disorder (PTSD) and depression (7-10). PTSD can occur after exposure to a stressful
or traumatic event. During such an event, one is confronted with actual or threatened death
or serious injury, or a threat to the physical integrity of self or others, involving intense fear
or helplessness in the person’s response. This experience can lead to recurrent and intrusive
recollections of the event, which in turn causes psychological distress and physiological
reactivity. Common symptoms are persistent avoidance of stimuli associated with the event,
and estrangement from others with a restricted range of affect. The presence of increased
arousal, combined with the symptoms previously stated, causes significant impairment in
social and occupational areas of functioning (11). Depression is characterized by a depressed
mood and/or loss of interest or pleasure in life activities. Symptoms may include sleep
disturbances, fatigue, weight problems, feelings of worthlessness, and recurrent suicidal
thoughts (11). Symptoms of PTSD and depression often co-occur (12).
Vulnerability to PICS
Whether someone is prone to develop stress-related psychopathology in general, and after
ICU stay in particular, is most likely based on multifactorial pathogenesis. The hypothalamicpituitary-adrenal (HPA) axis plays a pivotal role in adaptation to a changing environment (13).
In fact, impaired functionality of the HPA axis is thought to contribute to the development
of symptoms of PTSD or depression (14). Corticosteroids are the end product of the HPA
axis (15; Figure 1), and bind to the mineralocorticoid receptor (MR) and – with a 10-fold
lower affinity – to the glucocorticoid receptor (GR) (16). Based on this affinity range, the MR
10
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is presumably activated already to large extent during rest. High-impact stressors, such as
intensive care treatment, may therefore primarily involve GR activation (17).
Figure 1. Hypothalamic-pituitary-adrenal (HPA) axis.
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Schematic overview of the HPA axis. Depicted is the physiological hierarchical pathway to cortisol secretion from the adrenal cortex including
negative feed-back loop (modified from Eckstein et al. 2014;15)
CRH, corticotropin-releasing hormone.
ACTH, adrenocorticotropic hormone.

In addition to the naturally (stress-induced) released glucocorticoids, synthetic glucocorticoids
such as dexamethasone are often used peri-operatively, to subside the inflammatory response
and reduce the risk of major adverse events after cardiac surgery. This, in turn, could affect
HPA axis functionality in these patients (18). Besides the anti-inflammatory properties,
corticosteroids are known to exert psychoactive effects (19,20). Other psychoactive medication,
such as benzodiazepines, are also frequently administered in the ICU and in recent years
suspected of negatively affecting neuropsychiatric outcome (21,22).
Not only the stress response or perioperative drug administration is likely to affect
the susceptibility of patients to PTSD and/or depression after ICU stay. Other factors, such as
Gener al i ntr oduc ti on
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stress-exposure during childhood, also affect the ability to cope with stressors later in life (23).
A possible underlying mechanism involves an altered response of the HPA axis when novel
stressful events are encountered, and variation in main corticosteroid target receptor genes
(e.g., MR, GR, and FK506 binding protein [FKBP5]) might play an important role (24-26).
Also, personality traits seem to influence the impact of lifetime stress exposure and thereby
someone’s resilience to stress-related psychopathology (27-29). Furthermore, a prior history
of psychiatric disease is known to affect the development of new episodes of psychopathology
(30,31).
Objective of this thesis
Relatively little is known about the aforementioned risk factors in cardiac surgery and ICU
patients, particularly regarding to their combined effect on the development of stress-related
psychopathology. Since these patients are at considerable risk to develop symptoms of PTSD
and depression, it is important to elucidate which of these factors contribute most to these
undesirable outcomes (32,33).
The objective of this thesis is to address the occurrence of future stress-related
psychopathology after cardiac surgery and intensive care treatment, and two aims were set
(Box 1.1). In this thesis, various factors that are potentially associated with the development of
PTSD and depressive symptoms1 are investigated. This comprehensive assessment includes
medication effects (i.e., of dexamethasone and benzodiazepines), personality traits, history
of (early) stressful life events, and genetic variation of HPA axis receptors (Figure 2). The
results of this thesis provide a substrate for relevant (preventative) intervention and follow-up
strategies to optimize mental health after discharge.

Box 1.1 Aims of this thesis
•
•

Evaluate the occurrence and determinants of future psychopathology after
cardiac surgery and intensive care treatment
Expose factors that could identify patients at risk for psychopathology after
intensive care unit discharge, and possibly be applied as – preventative –
intervention measures in this setting

Throughout this thesis, the terms ‘PTSD’ and ‘depression’ refer to the variety of symptoms that can be present when assessing
neuropsychiatric morbidity in these domains by (self-report) questionnaires.
1

12

|

CHAPTER 1

Figure 2. Schematic overview of the possible interplay between the various factors assessed in
this thesis.
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Schematic overview of the HPA axis. Depicted is the physiological hierarchical pathway to cortisol secretion from the adrenal cortex including
negative feed-back loop (modified from Eckstein et al. 2014;15)

Outline of this thesis
Part I of this thesis focuses on benzodiazepine use as a risk factor for the development of
psychopathology in ICU patients. This possible association is assessed in Chapter 2 by
reviewing existing literature concerning administration of benzodiazepines in the ICU and
the occurrence of psychopathology both during and after ICU stay. To comprehensively
assess this, various neuropsychiatric outcomes (i.e., delirium, symptoms of depression, PTSD,
anxiety, and cognitive impairment) were of interest.
Part II of this thesis concerns the investigation of various potential determinants for the
development of psychopathology in patients who underwent cardiac surgery and subsequent
intensive care treatment. Chapter 3 reports on the effect of high-dose dexamethasone (versus
placebo) administered intraoperatively on future symptoms of PTSD and depression, up
to four years after ICU discharge. These symptoms are further investigated in Chapter 4,
where i) the role of trait anxiety in the causal pathway of psychopathology development
and ii) the relation between stress-exposure before cardiac surgery and ICU admission, and
psychopathology, are assessed. HPA axis response and functionality in this context is further
addressed in Chapter 5, where the role of common genetic variation of the mineralocorticoid
receptor (MR), the glucocorticoid receptor (GR), and FK506 binding protein (FKBP5) was
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determined. In Chapter 6, a combination of potential determinants derived from previous
studies from this thesis and the existing literature was modelled to assess their contribution to
future PTSD and depression symptomatology.
Part III comprises a summary of the main findings of this thesis, followed by a
general discussion (Chapter 7). Herein, the reported results and conclusions of each chapter
are discussed in light of research perspectives and future challenges with regard to the
development of psychopathology after cardiac surgery and intensive care treatment.

14
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ABSTRACT
Objective
A systematic assessment of the role of benzodiazepine use during Intensive Care Unit (ICU)
stay as a risk factor for neuropsychiatric outcomes during and after ICU admission.
Data sources
PubMed/Medline, EMBASE, The Cochrane Library, CINAHL and PsychINFO.
Study selection: Databases were searched independently by two reviewers for studies in
adult (former) ICU patients, reporting benzodiazepine use, and neuropsychiatric outcomes
of delirium, post-traumatic stress disorder (PTSD), depression, anxiety, and cognitive
dysfunction.
Data extraction
Data was extracted using a piloted extraction form; methodological quality of eligible studies
was assessed by applying the Quality Index checklist.
Data synthesis
Forty-nine of 3,066 unique studies identified were included. Thirty-five studies reported
on neuropsychiatric outcome during hospitalization, 12 after discharge and 2 at both time
points. Twenty-four studies identified benzodiazepine use as a risk factor for delirium whereas
7 studies on delirium or related outcomes did not; 6 studies reported mixed findings. Studies
with high methodological quality generally found benzodiazepine use to be a risk factor for the
development of delirium. Five studies reported an association between benzodiazepine use
and symptoms of PTSD, depression, anxiety, and cognitive dysfunction after ICU admission;
5 studies reported mixed findings and in 4 studies, no association was found. No association
was found with methodological quality and sample-size for these findings. Meta-analysis was
not feasible due to major differences in study methods.
Conclusions
The majority of included studies indicated that benzodiazepine use in the ICU is associated
with delirium, symptoms of PTSD, anxiety, depression, and cognitive dysfunction. Future
well-designed studies and randomized controlled trials are necessary to rule out confounding
by indication.
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INTRODUCTION
Patients admitted to an Intensive Care unit (ICU) have to cope with various stressors (1).
Together with critical illness and multiple system organ dysfunction, these and other ICUrelated factors are being linked to the development of adverse neuropsychiatric outcomes
both during and after hospitalization (2,3). During prolonged ICU stay, delirium is frequently
reported and occurs in approximately 50% of patients (4-6). After discharge, symptoms of
post-traumatic stress disorder (PSTD), depression, and anxiety are prevalent (7). Moreover,
ICU treatment has been associated with deficits in cognitive functioning (8).
Several ICU procedures and events including pharmacological treatment have been
evaluated as possible risk factors for the neuropsychiatric outcomes listed above (9). Growing
evidence suggests adverse effects of benzodiazepine use. Benzodiazepines enhance gammaamino butyric acid (GABA) neurotransmitter function (10), and thereby exert hypnotic and
anxiolytic effects. Since benzodiazepines are commonly administered drugs, it is important to
know if and how their use is associated with neuropsychiatric outcomes during and after ICU
stay.
The aim of this systematic review was therefore to structurally summarize and
clarify the existing evidence on benzodiazepines administered at the ICU as a possible risk
factor for delirium, symptoms of depression, PTSD, and anxiety, and cognitive impairment.
Methods
The PRISMA statement guideline for systematic reviews was followed (11). A review protocol
was made, defining objective, search strategy, eligibility criteria and methodological quality
assessment methods (Supplementary Digital Content: appendix I). The study was registered
in the PROSPERO register of the Center for Reviews and Dissemination (registration
number: CRD42013005881).
Search strategy
Search terms were entered in the following databases, which were accessed through
http://www.uu.nl/university/library/NL/vakgebieden/geneeskunde/Pages/default.aspx:
PubMed/Medline, EMBASE, The Cochrane Library, CINAHL and PsychINFO. A detailed
overview of relevant search terms listed per database can be found in Supplementary Digital
Content: appendix II. All databases were searched for studies published up until the January
15, 2017. Appropriateness of the defined search criteria was tested by screening 12 recent
studies that discussed this topic. The search was performed independently by two reviewers
(LK & DSV). In case of disagreement with respect to content, a third reviewer was consulted
(AJCS).
B e n zo d i azepine use and neur opsychiatr ic outcomes i n the Intens i v e C ar e U ni t: a s y s tem ati c r ev i ew
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Eligibility criteria
To be included, studies had to report results on ICU patients 18 years of age or older.
To cover the variety of neuropsychiatric outcomes related to ICU admission, no further
restrictions regarding patient characteristics were applied. Studies were considered eligible
for this review when reporting on the neuropsychiatric outcomes delirium, PTSD, depression,
anxiety or cognitive dysfunction after benzodiazepine use during ICU admission. Reviews
and unpublished studies or abstracts were excluded, as well as studies written in a language
other than English, Dutch, German or French.
Study selection
Articles found after entering the search terms were checked for duplicates. After removal of
these studies, titles and abstracts were screened. When exclusion based on abstract and title
was not possible, the full text of studies was read in order to determine whether selection
criteria were met. Patient samples were checked for overlap in study design and outcome
measurements.
Methodological quality assessment
The methodological quality of selected full text articles was assessed by using the Quality
Index checklist (12). This checklist generates a score on the following topics: reporting, internal
validity, external validity, and power. The complete checklist was applied to randomized
controlled trials and a pilot study (13-24). For non-intervention studies, the adapted version
was used (12). For the last item concerning power calculation, a two-point scale (1 was scored
if power or sample size calculation was included; 0 if absent) was used instead of a five-point
scale for feasibly reasons as reported on previously (12,25). Scores were added up to a final
score which was converted to a percentage of the maximum score. Non-intervention studies
could obtain a maximum score of 21; intervention studies 28, with higher scores indicating
higher study quality.
Data extraction and analysis
Relevant details of eligible studies were listed and summarized by filling out a data extraction
form (Supplementary Digital Content: appendix III). The extracted data was evaluated in
relation to methodology and discussed by taking study quality into account.

24
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RESULTS
Study selection
Entering the search strings into the databases yielded 4,321 records. After removal of 1,255
duplicates, 2,970 studies were excluded based on contents of title and abstract. The full text
of the 96 remaining articles was reviewed for eligibility; 49 studies met the inclusion criteria.
Corresponding reference lists were screened and did not reveal additional relevant articles. No
overlap in study design or outcome measurements was detected in studies assessing identical
patient populations. A flow diagram of the search process is depicted in Figure 1.
Study characteristics
Included articles reported the results of 10 randomized controlled trials, 36 prospective
cohort studies, 2 retrospective cohort studies, and 1 point prevalence study published
between 1996 and 2016 (Table 1). Thirty-five studies investigated neuropsychiatric outcomes
during hospitalization, 12 studies measured long-term neuropsychiatric outcomes after ICU
discharge and 2 studies described assessments both during and after ICU admission (19,26).
The sample size of included studies varied considerably (Table 1). The total number
of patients involved was 11,138. All studies were performed in hospitals with comparable
care facilities and most studies (32 out of 49) were single-center studies (Table 1). Because of
heterogeneity in sample size, methodology, and outcome assessments between studies, data
were not pooled for meta-analysis.
Methodological quality
Based on a median cut off scores (i.e., 17 and 20.5 for the 20-item checklist and 27-item
checklist, respectively), 21 out of 49 studies were of high methodological quality. Details of
high and low quality studies are described below and depicted in Figure 2 and Figure 3.
Association between benzodiazepine use and adverse neuropsychiatric
outcomes during hospitalization
A total of 37 studies assessed neuropsychiatric outcomes during ICU admission. The majority
of these studies (35 out of 37) assessed delirium with validated instruments (e.g., 27-32). The
CAM-ICU was most frequently used; in 23 studies, it was applied at least once daily (Table 2).
The majority of studies (n=24) identified benzodiazepine use during ICU stay as a
risk factor for delirium. In 10 other studies, no or miscellaneous evidence was found when
the possible association between benzodiazepine administration and delirium was assessed; 1
study even suggested a protective effect of midazolam (33).

B e n zo d i azepine use and neur opsychiatr ic outcomes i n the Intens i v e C ar e U ni t: a s y s tem ati c r ev i ew
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Two studies reported on anxiety, depression, or cognitive dysfunction in hospitalized patients
after in-ICU benzodiazepine administration (23,24). No difference in symptoms of depression
and anxiety was found in patients randomized to midazolam compared to propofol (23);
amnesia however did occur significantly more often after midazolam administration (24).
Several studies reported on specific aspects of benzodiazepine use, such as the
amount of drug administered (9,18,26,34-38), type of drug used (9,13,23,24,33,37-38), bolus
administration (23,33,47,48), duration of infusion (49,50), or simultaneous administration of
opiates (e.g., fentanyl) which contributed to the risk of benzodiazepines on delirium, anxiety,
depression, and cognitive dysfunction during hospitalization (13,51).
Although most studies adjusted for covariates and potential confounders (e.g., age,
mechanical ventilation, APACHE), many different variables were chosen. A few cohort
studies found initial associations between benzodiazepine use and delirium to disappear after
correction (e.g., 35,44,52). However, other studies reported significant associations despite
stringent adjustments (e.g., 18,49,53,54).
Combining these results with the methodological quality scores, 10 out of 13
studies of high methodological quality found benzodiazepine use to be a risk factor for
the development of delirium, regardless of the method of measurement used (Figure 2).
Furthermore, 5 studies that specifically addressed the busy ICU setting and the transition
to delirium found benzodiazepines to be a risk factor (36,39,40,48,50). Moreover, high daily
dosage, type of drug (i.e., midazolam and lorazepam) used, and continuous administration
were significantly associated with the occurrence of delirium.
Benzodiazepine use and long-term neuropsychiatric outcomes
Fourteen studies described long term neuropsychiatric effects of benzodiazepine use. These
studies reported symptoms of PTSD, depression, anxiety, and cognitive impairment within a
variable time window – ranging between assessment at the moment of hospital discharge up
to 41 months after ICU stay – with a median of 4.5 months. Five studies found an association
between benzodiazepine use and long-term neuropsychiatric outcomes mentioned above;
5 studies did not report distinct findings, and 4 studies found no association at all (Table 3).
In studies (n=8) that reported on the association between benzodiazepines and
PTSD, symptoms were assessed with validated questionnaires (e.g., HTQ , IES, PDS,
PTSS-10, PTSS-14), diagnostic interviews or custom made questionnaires. Differences in
measurement methods did not affect outcome. An association of benzodiazepine use and
PTSD was found in 5 studies (26,55-58), whereas 3 did not find an association (16,21,22).
The latter studies generally reported a shorter follow up time compared to the studies that did
find an association, with one exception (21). Two out of 3 studies that adjusted for potential
confounding by delirium and other factors still found benzodiazepines to significantly increase
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the occurrence of PTSD symptoms (55,58).
Eight studies reported the association between benzodiazepines and depressive
symptoms (15,16,21,22,56,57,59,60) and 5 studies on anxiety related symptoms
(14,16,21,22,56,60). Depressive symptoms and anxiety were predominantly assessed with
validated questionnaires (e.g., HADS, CES-D, and STAI). Four out of 8 studies reported
on an association between benzodiazepine use and depressive symptoms, however this
was influenced by the use of cutoff scores versus continuous measures, and adjustment for
potential confounding (22,56,59,60). No consistent pattern emerged when examining follow
up time and reported associations between benzodiazepine use and depressive or anxiety
symptoms.
Three studies examined the association between benzodiazepine use and cognitive
function after ICU stay; 2 of which used a battery of neuropsychological tests (18,61). The
latter 2 found associations between benzodiazepine usage and post-ICU cognitive impairment
at 3 months. This relation however did not last; at 12 months follow up, global cognitive
scores were not affected. No differences in Mini-mental State Examination (MMSE) scores
were found when comparing lorazepam with dexmedetomidine within 72 hours after ICU
discharge (19). The MMSE, however, gives an indication of global cognitive deterioration
and is therefore a less extensive measure of cognitive function.
Most of the studies reporting associations between benzodiazepine use and long
term neuropsychiatric outcomes were of high quality (Figure 3). Cumulative dose and
duration of infusion of midazolam and lorazepam were identified as risk factors for the
development of PTSD, depression, anxiety, and cognitive impairment in 4 out of 8 high
quality studies (26,55,59,60). There is also evidence of no difference in cognitive dysfunction
when comparing lorazepam with dexmedetomidine administration [19].
Only 2 out of 6 low quality studies found a correlation between PTSD symptoms
(i.e., HTQ scores) and depressive symptoms (i.e., CES-D scores) on the one hand, and
benzodiazepine use on the other (57,58). The 4 remaining studies did not identify
benzodiazepines as a risk factor for neuropsychiatric outcomes (14,16,19,21).
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DISCUSSION
The aim of this review was to summarize and critically appraise the existing evidence
regarding the relation between in-ICU benzodiazepine use, and neuropsychiatric outcome.
In summary, associations with delirium, PTSD, depression, anxiety and cognitive dysfunction
were indeed found in the majority of the studies. This result remained valid when taking
methodological quality into consideration. Studies investigating long term outcomes reported
more variable results than studies assessing neuropsychiatric morbidity during hospitalization.
For neuropsychiatric outcomes assessed during ICU stay, delirium was most
often assessed using validated methods. Delirium is characterized by a disturbed level of
consciousness, cognitive dysfunction and symptoms of arousal (62) and was found to be
associated with benzodiazepine use in most studies. Regarding the possible underlying
mechanisms of the adverse effects of benzodiazepine use and delirium, several studies found
evidence for altered connectivity in cortical, cortico-thalamic and cortico-limbic networks in
relation to the use of benzodiazepines (63-67). Baseline network connectivity of the brain
and inhibitory tone may therefore play a role in the pathogenesis of delirium (68). Whereas
baseline network connectivity may be determined by non-modifiable factors such as age and
prior psychiatric history, the activity of the GABAergic neurotransmitter system appears
to be predominantly responsible for inhibitory tone. Exposure to benzodiazepines causes
an increase of GABAA receptor activity, thereby altering inhibitory tone and consequently
network connectivity. To what extent changes in network connectivity are influenced by
dosage or simultaneous administration of other GABAergic medication (e.g. anti-cholinergic
drugs), remains unclear. More research focusing on these aspects and the interaction of
benzodiazepines with other (non-modifiable) risk factors, is needed.
Regarding long-term outcomes, the majority of studies evaluated benzodiazepine
use during ICU admission and the occurrence of PTSD and depression after hospitalization.
Anxiety and cognitive impairment were associated with benzodiazepine use to a lesser extent.
Again, the GABAergic neurotransmitter system seems to play a pivotal role (69). Patients
diagnosed with PTSD are known to have a decreased density of GABAA receptor affinity in
the cortex, hippocampus and thalamus (68). Also, depression and anxiety are thought to have
a common GABA-mediated pathophysiology, involving the amygdala-prefrontal circuit (70).
Carter et al. (2013) found triazolam to affect working memory and episodic memory tasks in
healthy volunteers (71). It is clear that benzodiazepines are able to cause adverse effects on key
parts of the brain involved in emotional, motivational and cognitive processing. But the way
in which benzodiazepine administration during ICU hospitalization initiates the occurrence
of psychiatric outcomes months to years after discharge, remains unknown (72).
Although the majority of non-randomized studies adjusted for various covariables
and potential confounders, confounding by indication is very likely to be present in the included
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studies. The possibility that benzodiazepines are predominantly prescribed to patients more
prone to develop neuropsychiatric disorders, due to pre-existing comorbidities or certain
characteristics (e.g., psychiatric medical history or certain personality traits), cannot entirely
be ruled out. The few double-blinded, randomized controlled studies that were conducted
and could be included in this review, yielded mixed findings (i.e., midazolam affected the
occurrence of delirium, whereas lorazepam did not influence MMSE scores significantly). To
gain more insight into the influence of confounding by indication in the association between
benzodiazepine use and neuropsychiatric outcomes, well-designed studies (e.g., randomized
controlled trials) with sufficient sample size are urgently needed.
Low study quality, small cohort size, and testing of patients with a prior history
of depression could provide an explanation for the mixed findings in studies reporting on
long-term neuropsychiatric outcomes (73-75). Up to 57% of patients showed signs of PTSD
in the studies included in this review; a higher number than found in recent literature (927%) (70). One study that reported a higher prevalence, did not use a validated PTSD
measurement tool (57). Cognitive impairment was reported in 58-100% of ICU survivors
of the included studies, while a range of 4-62% has been previously reported (77). These
differences are presumably due to variable screening methods and cut off values. Therefore,
using a diagnostic clinical interview to measure neuropsychiatric outcome is recommended
for future studies. Moreover, follow up time varied considerably among the included studies
and psychiatric history and pre-operative benzodiazepine were not assessed into sufficient
detail. In general, cohort studies outnumber the double blind, randomized controlled trials
on the effect of benzodiazepines on neuropsychiatric outcomes of ICU patients. Overall, the
design of future studies should be a point of particular interest.
In light of practical applicability, direct comparison of other sedatives and
benzodiazepines on neuropsychiatric outcome in ICU-patients is desirable. Although
addressed by few studies, propofol seems to promote symptoms of PTSD, depression, and
anxiety to lesser extent than benzodiazepines do (26,27,78); more recent studies conclude
dexmedetomide to be less harmful as well (79). Nevertheless, the body of evidence – especially
with regard to prevention of adverse neuropsychiatric effects – is still small. Large, clinical
trials with a comprehensible setup should be performed to investigate the efficacy and safety of
propofol, dexmedetomedine, and other sedatives in direct comparison with benzodiazepines.
Strengths of this review are the systematic approach and thorough methodological
quality assessment. The quality of included studies was heterogeneous, and both high and
low quality studies showed effects and associations in opposite directions.
A limitation of this review was the impossibility of conducting a meta-analysis, due
to the variety of effects and associations reported by included studies. Despite our structured
approach, these issues made it difficult to draw distinct conclusions.
This review suggests that administering benzodiazepines in the ICU can contribute
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to the development of neuropsychiatric outcomes, both during and after hospitalization.
Also, the importance of interactions between different risk factors is emphasized. In order to
optimize benzodiazepine practice, future studies should be designed to minimize confounding
by indication and aim for a better understanding of neuropsychiatric outcome pathogenesis
in this setting.
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FIRST AUTHOR
(YEAR)

Agarwal (2010)

Bryczkowski (2014)

Colombo (2012)

Dowdy (2008)

Dowdy (2009)

Ely (2001)

STUDY NR

1

2

3

4

5

6
Prospective
observational cohort
study

Prospective
observational cohort
study

Prospective
observational cohort
study

Prospective
observational cohort
study

Prospective
observational cohort
study

Prospective
observational cohort
study

STUDY DESIGN

Single center,
medical ICU of
a tertiary care,
university-based
medical center

Multicenter (4
centers), 13 ICUs

Multicenter (4
centers), 12 ICUs

Single center, mixed
medical-surgical
center

Single center,
academic trauma
center SICU

Multicenter (2
centers), tertiary
centers

CENTER

Table 1. Selected studies (n= 49) reporting neuropsychiatric outcomes related to ICU admission

Consecutive medical
ICU patients, both
ventilated and nonventilated

Consecutive acute
lung injury patients

Consecutive,
mechanically
ventilated patients
with acute lung injury

Consecutive patients

Trauma patients
admitted to SICU >
24h

Ventilated burn
patents requiring MV
> 24h

PATIENT
POPULATION

48

160

104

314

115

82

N PATIENTS
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Ethier (2011)

Girard (2007)

Granberg Axèll
(2002)

9

10

Ely (2004)

8

7

Prospective
observational and
qualitative study

Prospective
observational cohort
study

Prospective
randomized
controlled trial
comparing a
sedation protocol
with a combination
of sedation with daily
sedative/analgesic
interruption

Prospective
observational cohort
study

Single center,
regional hospital
general ICU

Single center,
university medical
center

Multicenter (3
centers) study at
medical/surgical ICUs

Single center,
medical ICU of
a tertiary care,
university-based
medical center

Patients requiring MV
and with ICU stay of
> 36h

Patients requiring
MV admitted to the
medical and coronary
care ICUs

Patients who
anticipated to be
at least 48h MV,
required continuous
sedation and/o
analgesia infusion,
and who regained
orientation within 72h
of ICU discharge

Mechanically
ventilated patients
admitted to medical
or coronary ICUs

19

43

21

275 enrolled, 224
included in outcome
analyses
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Jones (2007)

Kamdar (2015)

Lahariya (2014)

Lat (2009)

13

14

15

Jackson (2010)

12

11

Prospective
observational cohort
study

Prospective
observational cohort
study

Prospective
observational cohort
study

Prospective
observational cohort
study

Substudy of
a prospective
randomized
controlled study
comparing care
as usual with
daily spontaneous
awakeing and
spontaneous
breathing trials

Multicenter (2
centers), tertiary-care
level 1 trauma center
surgical ICUs

Single center, tertiary
care hospital cardiac
ICU

Single center,
university hospital
MICU

Multicenter (5
centers), mixed
general ICUs

Single center,
medical ICU of a
tertiary care medical
center

Patients admitted to
surgical ICU requiring
MV for >24h

All consecutive
cardiac patients
admitted to ICU

Patients with > 1
night MICU stay

Patients requiring MV
and with ICU stay of
> 48h

Medical ICU patients
requiring MV for more
than 12h

134

309

223

283

80 at 3 months, 63 at
12 months
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MacLaren (2015)

McPherson (2013)

Mehta (2015)

Micek (2005)

18

19

20

Maldonado (2009)

17

16

Prospective
observational cohort
study

Prospective
randomized clinical
trial comparing
protocolized sedation
with sedation plus
sedation interruption

Prospective
observational cohort
study

Prospective double
blind randomized
controlled trial
comparing
dexmedetomide and
midazolam

Prospective
randomized
controlled trial
comparing
dexmedetomide,
propofol and
midazolam

Single center,
medical ICU of
academic medical
center

Multicenter (16
centers), tertiary care
medical and surgical
ICUs

Single center,
university medical
center, medicalsurgical CVICU

Single center,
university medical
center

Single center tertiarycare university
medical center

Intubated patients
on MV

Patients on MV for at
least 48h following
ICU admission

Consecutive patients
with an expected
LOS >24h

Patients admitted to
medical or surgical
ICUs requiring MV
and receiving a
benzodiazepine
infusion with an
anticipated need of at
least 12h sedation

Patients undergoing
elective cardiac-valve
surgery with CPB

93

430

200

23 (11
dexmedetomide, 12
midazolam)

90 (30 in each
sedation group)
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Mori (2016)

Ouimet (2007)

Pandharipande
(2006)

Pandharipande
(2007)

Pandharipande
(2008)

23

24

25

26

Nelson (2000)

22

21

Prospective
observational cohort
study

Double blind
randomized
controlled trial
comparing
dexmedetomidine
and lorazepam

Prospective
observational cohort
study

Prospective
observational cohort
study

Prospective
observational cohort
study

Prospective
observational
cohort study with
retrospective medical
record abstraction

Single center,
university medical
center

Multi-center (2
centers), tertiary care
hospital with medical
and surgical ICUs

Single center,
medical or coronary
ICUs of a university
medical center

Single center,
medical-surgical
ICU, tertiary care
university hospital

Single center,
university hospital

Multicenter (3
centers), teaching
hospitals with
acute lung injury
specialized centers

Patients admitted to
SICU or TICU and
requiring MV > 24h

Patients requiring MV
>24h

Patients requiring MV

Patients admitted
> 24h to a medicalsurgical ICU

Consecutive patients
with a LOS >24h

Acute lung injury
patients

97

103

198

764

149

24
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Pisani (2009)

Ratzer (2014)

Riker 2009

Sackey (2008)

Salluh (2010)

29

30

31

32

Panharipande (2013)

28

27

1-day point
prevalance study

Prospective longterm follow-up
of a randomized
controlled trial
comparing isoflurane
and midazolam

Prospective double
blind randomized
controlled trial
comparing
dexmedetomidine
and midazolam

Prospective
observational cohort
study

Prospective
observational cohort
study

Prospective
observational cohort
study

Multicenter (104
centers)

Single center, general
ICU at university
hospital

Multicenter (68
centers)

Single center study,
university hospital
ICU

Single center,
medical ICU in urban
university teaching
hospital

Multi center study,
Medical and Surgical
ICU’s

Patients admitted to
ICU >24h

Patients requiring MV
and sedation for >12h

Medical/surgical ICU
patients requiring MV
>24h

Traumatic injury
patients

Consecutive patients
> 60 years of age
with > 24h ICU
admission

Patients with
respiratory failure,
cardiogenic shock or
septic shock

497

36 survived after
96h study sedation
or sedation
termination;17 alive
and responders after
6 months

375

52

304

821
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Seymour (2012)

Sharma (2012)

Shehabi (2012)

Shehabi (2013)

Skrobik (2013)

35

36

37

38

Serafim (2012)

34

33

Prospective
observational cohort
study

Prospective
observational cohort
study

Prospective
observational cohort
study

Prospective
observational cohort
study

Prospective
observational cohort
study

Prospective
observational cohort
study

Single center

Multi-center (11
centers)

Multi-center (25
centers)

Single center, RICU
of tertiary care
hospital

Single center

Single center, tertiary
hospital

ICU admission > 24h
receiving fentanyl
or midazolam IV
infusions

Patients ventilated
within last 24h with
expected ventilation
time > 24h

Medical/surgical
patients ventilated
and sedated > 24h

Consecutive patients

Patients receiving MV
for >12h

Patients with RASS
score > -3

99

259

251

140

140

465
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Svenningsen (2011)

Svenningsen (2013)

Taipale (2012)

Takeuchi (2012)

41

42

43

Skrupky (2015)

40

39

Retrospective
observational cohort
study

Prospective
observational cohort
study

Prospective
observational cohort
study

Prospective
observational cohort
study

Prospective
observational cohort
study to examine the
clinical effectiveness
of a sedation
protocol minimizing
benzodiazepines
and favoring early
dexmedetomidine

Single center,
university hospital

Single center study,
cardiac intensive
care of a tertiary care
center

Multicenter (3
centers) study

Multicenter (3
centers) study

Single center,
surgical and medical
ICU

Patients who
undergone
esophagectomy

Patents scheduled
for coronary artery
bypass grafting or
mitral or aortic valve
repair or replacement

Consecutive patients

Consecutive patients

Mechanical ventilated
patients at SICU or
MICU who required
continuous sedation
for at least 24h

306

122

640

139

199: 97 in before
phase, 102 in after
phase
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Van Rompaey (2009)

Wade (2012)

Weinbroum (1997)

Zaal (2015)

46

47

48

49

Retrospective
observational cohort
study

Prospective
randomized
controlled trial
comparing
midazolam and
propofol

Prospective
observational cohort
study

Prospective
observational cohort
study

Randomized, openlabel, controlled trial
of light versus deep
sedation

Open, prospective,
randomized
controlled trial
comparing overnight
sedation with
midazolam or
propofol

Single center,
university hospital

Single center, general
ICU

Single center, general
ICU

Multicenter (4
centers) study

Single center, tertiary
care center

Single center,
surgical ICU in a
university hospital

consecutive patients
>24h ICU admission

Consecutive patients
requiring MV

Patients receiving MV
> 24h

Consecutive patients
with ICU stay of >
24h and GCS of >10

Patients requiring MV
for > 12h

Consecutive nonintubated patients
with expected ICU
stay of at least 5 days

1112

67 (36 midazolam, 31
propofol)

100

523

129

32

Abbreviations: GCS, Glasgow Coma Scale; h, hours; ICU, intensive care unit; MICU, medical intensive care unit; MV, mechanical ventilation; RASS, Richmond Agitation-Sedation Scale; RICU, respiratory intensive
care unit; SICU, surgical intensive care unit; TICU.

Treggiari (2009)

Treggiari-Venzi
(1996)

45

44
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delirium

Agarwal
(2010)
CAM-ICU;
daily

Measure
and timing of
assessment

Type

First author
(year)

77

Prevalence
(%)*

NEUROPSYCHIATRIC
OUTCOMES

STUDY ID

lorazepam,
midazolam,
diazepam

Type

15(5-24)a
mg [total 24hour dose]

Dosage*

BENZODIAZEPINE
ADMINISTRATION

yes

Yes/No

OR for benzodiazepine
exposure
(midazolam
equivalents)
as predictor
of delirium:
6.8 (95%
CI: 3.1-15);
P<0.001

Results as
reported*

Cognitive
status at
previous day
and baseline
clinical
variables
(age,
APACHE
II, history
of alcohol/
substance
abuse, burn
percentage
and
presence of
inhalation
injury)

Analysis
corrected
for demographic and/
or clinical
variables?

BENZODIAZEPINES IDENTIFIED AS A
RISK FACTOR

Table 2. Data extraction of studies (n=37#) reporting neuropsychiatric outcomes during hospitalization
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Bryczkowski
(2014)

delirium

CAM-ICU;
twice daily

61

Benzodiazepine-free
days
lorazepam
equivalents

1.7(1-3)
e mg.24h
[delirium
group];
0.5(0-1)
e mg 24h
[no delirium
group]

no

Delirium
patients
received
significantly
higher doses
of lorazepam
(P<0.001)
and had
significantly
less benzodiazepine
fee days
(P<0.001)
OR for benzodiazepine
free days
not a negative predictor
of delirium:
0.8 (95%
CI: 0.7-1.1);
P=0.19

Multivariate
logistic
regression
analysis
further
included
age,
ventilatorfree days,
chest injury,
TBI, GCS
score,
and hours
sedated
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Ely (2001)

Colombo
(2012)

delirium

delirium

diagnostic
interview
and patients’
chart review
by geriatric/
psychiatric
experts;
daily

CAM-ICU;
twice daily

60.4

25.5

benzodiazepines

midazolam

NR

37(11.573.5)a mg.d1 [delirium
group];
27.5(19.549.5)a [no
delirium
group]
mg.d-1

yes

yes

Duration of
delirium was
correlated
with duration
of benzodiazepine/
narcotic use:
r = 0.54;
P=0.0005

HR for
midazolam
combined
with opiate
infusion as
predictor
for delirium:
2.145 (9%
CI: 2.2474.032);
P=0.018
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Multivariate
regression
analysis
further
included
ICU LOS,
hospital
LOS, MMSE
scores,
depression,
QoL, age,
gender, and
APACHE II.

The Cox’s
Proportional Hazard
Regression
model further included
demographics (age,
gender),
severity
scores and
risk factors
(e.g., GCS,
diabetes),
patient type,
presence
of organ
failure, and
reorientation of the
patient
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Ely (2004)

delirium

CAM-ICU;
daily

81.7

lorazepam

Mean (SD)
daily dose:
4.8(12.8)
mg.d-1
[delirium
group];
1.12(2.2)
mg.d-1 [no
delirium
group]

yes

A
significantly
greater
number of
patients
received
lorazepam in
the delirium
versus the
no delirium
group
(P=0.01)

The Cox’s
Proportional
Hazard
Regression
model
further
included
coma,
baseline
variables
(e.g.,
age, CCI,
APACHE
II, SOFA,
mBDRS,
sepsis,
ARDS)
and other
sedative/
analgesic
drugs
(propofol,
morphine,
fentanyl)
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Jones
(2007)

Granberg
Axèll (2002)

delirium

delirium

CAM-ICU;
NR

diagnostic
interview
and
observation;
NR

14-16

73.6

lorazepam
equivalents

midazolam

4.1(0-54)b
mg.24h-1

110 (60-130)
b mg.24h-1
[severe
delirium
group]; 45
(0-60)b
mg.24h-1
[moderate
delirium
group]; 25
(0-44)b
mg.24h-1
[no delirium
group]¥

yes

yes

High daily
doses of
benzodiazepines related
to delirium:
median dose
24 mg (delirium group)
vs. 13 mg
(no delirium
group);
Kolmogorov-Smirnov
Z: P=0.003

Severe
delirium
patients
received a
significantly
larger mean
daily dose of
midazolam
than
patients with
moderate
delirium
or without
symptoms
(P=0.011)
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Kamdar
(2015)

delirium

CAM-ICU;
twice daily

55

sedatives
(benzodiazepines and/
or opioids)
bolus administration of
benzodiazepines

NR

OR for
sedative
(benzodiazepine/opioid)
infusion as
predictor
of delirium:
2.4 (95%
CI: 1.5-4.0);
P<0.001
OR for bolus
benzodiazepines was
no predictor
of delirium:
0.97 (95%
CI: 0.6-1.6);
P=0.87

yes

no

A
multivariate
Markov
model
further
included
age, gender,
sleep quality,
nighttime
MV status,
bolus of
opioids
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Lahariya
(2014)

delirium

CAM-ICU;
daily

28.8

currently
receiving
benzodiazepines

NR

yes

Binary logistic regression showed
currently
receiving
benzodiazepines
predicted
delirium: OR
2.65 (95%
CI: 1.4-5.2);
P<0.001

Chi-square
test showed
a significantly higher
percentage
of patients
receiving
benzodiazepines in
the delirium
group
versus the
no delirium
group (85%
versus 68%,
P<0.003)
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The binary
logistic
regression
analysis
further
included
other
predictors
amongst
others:
age, SOFA,
APACHE
II, CCI,
ongoing
depression,
total
medications,
history of
cognitive
deficit,
stroke or
seizures,
undergoing
CABG and
diabetes

48

|

CHAPTER 2

Lat (2009)

delirium

CAM-ICU;
daily

63

lorazepam

NR

A MannWhitney
U test
showed that
significantly
higher
cumulative
doses of
lorazepam
were given
in the
delirium
versus the
no delirium
group
(P=0.012).
After
controlling
for APACHE
II in a logistic
regression
analysis,
this effect
was not
significant
anymore
(p=0.237)

Yes

No

Logistic
regression
analyses were
controlled
for patient
demographics and
APACHE II
scores
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Maldonado
(2009)

delirium

neuropsychiatric experts
based on
DSM-IV-TR;
daily

Overall 34.
Incidence
per group: 3
[dexmedetomidine], 50
[propofol],
50 [midazolam]

midazolam

7.4(4.0)
mg.patient-1.d-1
[dexmedetomidine
group];
7.2(2.9)
mg.patient-1.d-1
[propofol
group];
7.8(2.3)
mg.patient-1.d-1
[midazolam
group]

yes

Multiple
logistic
regression
analysis
showed that
midazolam
(vs. dexmedetomidine)
treatment
predicted
delirium:
OR 28.6
(95%CI:
4.7-262.5):
P=0.01
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Analysis was
adjusted for
age, sex,
baseline
MMSE
score,
and ASA
physical
status
classification
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McPherson
(2013)

delirium

CAM-ICU;
daily

26

Benzodiazepines,
midazolam
equivalents

0-126.5
mg.24h-1
[in first
24h of ICU
admission]
0-2.5
mg.24h [in
last 24h]

yes

The first
analysis also
included age,
APACHE
II APS,
dexmedetomidine use,
length of
pump run,
CVD
The second
model also
included
any physical
restraints,
SOFA, dexmedetomidine use in
the last 24h
and mental
status in the
previous 24h

Logistic
regression
showed
benzodiazepine use in
first 24h as a
predictor of
delirium: OR
3.1 (95%
CI: 1.0-9.4);
P=0.04
Logistic
regression with
generalized
estimating
equations
showed
benzodiazepine use
predicted
development
of delirium
the next day:
OR 2.6 (95%
CI: 1.2-5.7);
P=0.02
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Mehta
(2015)

delirium

ICDSC >4;
daily

53.8

Total
midazolam
equivalents

5(3-9)a 24h
[delirium
group];
3(2-6)a 24h
[no delirium
group]

104(±356)
c mg.24h
[delirium
group];
57(±123)
c mg.24h
[no delirium
group]

yes

Midazolam
equivalents
were
significantly
more often
administered
to delirium
versus no
delirium
groups
(P<0.0001)

Cox
proportional
hazards
regression
analysis with
time varying
covariates
showed an
association
between
total
midazolam
equivalents
and delirium
HR 0.98
(95% CI:
0.997-1.0);
P=0.049
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Regression
model also
included other variables
such as age,
APACHE II,
neurological
condition,
cardiac
disease and
randomization group
next to time
dependent
variables
such as
coma, renal
replacement,
restraint
use, fentanyl
dose and
antipsychotic use
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Micek
(2005)

delirium

CAM-ICU;
daily

47

midazolam

247 (110542)a [CAMICU+]; 210
(157-264.5)
a [CAMICU-]; 193.5
(46.75488.5)a
[comatose]

yes

A
significantly
greater
number of
CAM-ICU+
patients
(vs. CAMICU-, and
comatose
patients)
received
continuous
IV sedation
with
midazolam
(P=0.038)

No
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Mori (2016)

delirium

CAM-ICU;
twice daily
for the first 5
days of ICU
stay, after
that daily

46.3

midazolam

NR

yes

Multiple
regression
analysis
showed
midazolam
as a
predictor
of delirium:
OR 7.09
(95% CI:
2.86-17.57);
P<0.001

A
significantly
greater
number of
patients
received
midazolam
in the
delirium
versus the
no delirium
group
(P<0.001)
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A multiple
logisic
regression
model using
backward
selection
included
age, sex,
and other
medications
(tramadol,
fentanyl,
propofol,
morphine)
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Ouimet
(2007)

delirium

ICDSC;
every 1 to 8
hours

31.8

lorazepam
equivalents

2.7 (±5.6)
mg.d-1
[delirium
group]; 1.03
(±4.23)
mg.d-1 [no
delirium
group]

Univariate
analysis
shows a
significant
relation
between
average
benzodiazepine use
and delirium
(P<0.001).
Multivariate
regression
showed no
difference
in use of
benzodiazepines
between
delirious and
non-delirious
patients.
(P>0.05)

Yes

no

In the Cox
proportional
hazard
model age,
APACHE
II, and
coma were
included
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Pandharipande
(2006)

delirium

CAM-ICU;
daily

NR

lorazepam,
midazolam

NR

yes

The
incremental
risk was
found to
be largest
at low
doses and
plateaud at
higher doses
(>20 mg)
where risk of
transitioning
to delirium
was 100%

OR for
lorazepam
as predictor
of daily
transition
to delirium:
1.2 (95%
CI: 1.1-1.4);
P=0.003.
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A Markov
regression
model included age,
sex, visual
and hearing
deficits,
history of
dementia,
depression,
APACHE
II, sepsis,
history of
neurologic
disease,
baseline hematocrit and
daily serum
glucose concentrations
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Pandharipande
(2008)

Panharipande
(2007)

delirium

delirium

CAM-ICU;
daily

CAM-ICU;
daily

70

79 [dexmedetomidine],
82 [lorazepam]

lorazepam,
midazolam

lorazepam

NR

max. 10
mg.h-1 for
up to five
days

yes/no§

no

OR for
midazolam
as predictor
of delirium:
2.75
(95% CI:
1.44-5.26);
P=0.002
OR for
lorazepam
as predictor
of delirium:
0.45
(95% CI:
0.16-1.27);
P=0.131

No significant differences were
found in
delirium-free
days between the
dexmedetomidine and
lorazepam
group
(P=0.09).
The Markov
regression
model
included
age, BMI,
CCI,
APACHE II,
and sepsis

No
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Pisani
(2009)

delirium

CAM-ICU;
daily on
week days

26

benzodiazepines

NR

yes

Rate Ratio
in multivariate analysis
for benzodiazepine or
opioid use
in relation
to delirium: 1.64
(95% CI:
1.27-2.10)
P<0.001
[dementia
present];
2.42 (95%
CI: 1.653.55) P=0.64
[dementia
absent]

Bivariate
analysis indicated that
benzodiazepine or opioid use was
significantly
related to
delirium duration: Rate
Ratio: 1.89,
P<0.001

2

|

57

haloperidol, and
APACHE II
as control
variables

(IQCODE>3.3),

The multivariate model included
dementia

58

|

CHAPTER 2

Salluh
(2010)

Riker (2009)

delirium

delirium

CAM-ICU;
daily on
week days

CAM-ICU;
daily

32.2

54 [demedetomidine];
76.6 [midazolam]

midazolam
and other
benzodiazepines

midazolam

NR

NR

yes

yes

Univariate
analysis
identified an
association
of
midazolam
with
delirium.
(P=0.009)

GEE analysis showed
that delirium
was less
prevalent in
the dexmedetomidine
group versus
the midazolam group
[22.6%
difference;
95%CI
14-33]
(P<0.001)
No

No
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Serafim
(2012)

delirium

CAM-ICU; 2
times daily

9.2

benzodiazepines

NR

yes

OR for
benzodiazepines as
predictor
of delirium:
2.28 (95%
CI: 1.04-5);
P< 0.05
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Multivariate
analysis also
included
age, type
of surgery,
emergency
surgery,
APS,
hypoxemia
and
hypotension
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Seymour
(2012)

delirium

screening by
psychiatrist;
daily

33

lorazepam
equivalents

0-2.4d
mg.hr-1
[daytime
sedative
dosing];
-0.19 -0.25d
mg.hr-1
[change in
sedative
dose at
night]

yes

OR for average hourly
daytime
benzodiazepine dose
as predictor
for delirium
the following
day: 1,166
(95% CI:
16 – 82719)
P<0.01
Probability
of delirium
was 100%
when the average dose
exceeded 2
mg.hr-1 OR
for nighttime
increases in
benzodiazepine dose
as predictor
of delirium:
2.5 (95% CI:
1.0 – 6.3)
P=0.05

Multivariate
analysis with
GEE were
adjusted for
age SOFA,
mental
status and
randomization arm.
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Sharma
(2012)

delirium

screening by
psychiatrist;
daily

53.6

midazolam

NR

yes

Univariate
analysis
identified
sedative
medication
(midazolam)
as a risk
factor for
delirium. t
test: 6.18 (P
= 0.013)
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No
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Shehabi
(2012)

delirium

CAM-ICU;
daily

50.7

midazolam

NR

More
patients
with delirium
vs. without
delirium after
48h had
early deep
sedation:
RR: 1.7
(95% CI,
1.00-3.02),
P=0.046
Multivariable
analysis
showed that
early deep
sedation did
not predict
delirium
after 48h
HR:1.033
(95% CI,
0.98-1.08),
P=0.19

yes

no

The Cox
proportional hazard
regression
analysis
adjusted for
APACHE III
diagnosis,
age, sex,
APACHE
II score,
operative
admission,
elective
admission,
hospital
type, early
use of vasopressors,
dialysis
within 48h
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Shehabi
(2013)

delirium

CAM-ICU;
daily

44

midazolam,
diazepam

31 (12-66)a
mg.patient1.d-1
[midazolam];
21(10-15)a
mg.patient1.d-1
[diazepam]

no

Multivariable
analysis
showed no
association
between
cumulative
doses of
midazolam
in the first
48 hours of
hospitalization with
delirium
(P>0.05)
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Analysis was
adjusted for
APACHE III
diagnosis,
age, sex,
APACHE
II score,
operative
admission,
elective
admission,
and use of
vasopressors and
dialysis
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Skrobik
(2013)

delirium

ICDSC;
every 8
hours

65

midazolam

217(±279)
c [delirium
group]versus
555(±1539)
c ng/mL
[no delirium
group]

no

(P0.25;P=0.96)

or delirium
days during
ICU stay

(P0.25;P=0.96)

GEE analysis showed
no association between
concomitant
doses of
midazolam
and duration
of delirium

Cox analysis
showed that
time-to-first
occurrence
of delirium
was unrelated to midazolam dose
(P=0.4) or
presence of
midazolam
(P=0.3)

Presence
and dose of
fentanyl, and
genetic polymorphism
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Svenningsen
(2011)

Skrupky
(2015)

delirium

delirium

CAM-ICU;
twice daily
from 3rd
admission
day on

CAM-ICU;
twice daily

40.2

81 (before
minimizing
benzodiazepine use)
and 93 (after
minimizing
benzodiazepine use)

midazolam

midazolam

NR

Before
phase: 143
(91-231),
after phase:
56 (23-137)

no

yes

No
significant
(P>0.5)
increased
risk of
delirium
associated
with
midazolam
(RR
calculated
but NR)

Significantly less
benzodiazepine use in
after phase
(P=0.0001)
while significantly more
delirium in
after phase
(P=0.013)
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No

no
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Svenningsen
(2013)

delirium

CAM-ICU;
twice daily

65

midazolam

NR

no§/ no

OR of bolus
administration as
predictor
for delirium: 0.65
(95% CI:
0.35-1.20);
P=0.165
(although a
significant
finding was
found when
an unadjusted analysis
was run,
P=0.041)

OR of
continuous
administration of midazolam as
a predictor
for delirium: 0.38
(95% CI:
0.21-0.69);
P=0.002

Adjusted for
sex, age,
severity of
illness, ICU
site and
setting
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Taipale
(2012)

delirium

CAM-ICU;
daily on first
3 days after
surgery,
assessment
of patients’
charts

22.1 [by
CAM-ICU];
37.7 [by
physicians’
notes]

midazolam

3.0 (0-83)
a mg
[total dose
administered
while in
the cardiac
surgery ICU]

yes

OR of
midazolam
dose
administered
as predictor
of delirium:
1.08 (95%
CI:1.001.16);
P=0.04
Continuous
variable
calculation
showed that
for every
additional
mg of
midazolam,
patients
were 8%
(95% CI:
1.01-1.16)
more likely
to develop
delirium
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The
backward
stepwise
multivariate
logistic
regression
also
included age
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TreggiariVenzi (1996)

Takeuchi
(2012)

depression
anxiety

delirium

HADS;
3 times,
following the
1st, 3rd and
5th night of
sedation

assessment
of patients’
charts by
psychiatrists;
day 1-14

54
[midazolam];
16
[propofol];
31
[midazolam];
26 [propofol]

50

midazolam

flunitrazepam

2.7±0.9c
mg.h-1
[average
maintenance
infusion]

NR

no

yes

No
significant
differences
in mean
HADS score
between the
midazolam
and propofol
groups
regarding
both anxiety
(P=0.97)
and
depression
(P=0.15)

OR of
additional
flunitrazepam use as
predictor for
postoperative delirium
(multivariate
analysis):
2.346
(95% CI:
1.177-3.567)
P=0.011

No

Multiple
logistic
regression
analysis
included
age, gender,
duration of
mechanical
ventilation
time after
surgery, duration of ICU
stay and
postoperative complications
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Weinbroum
(1997)

Van
Rompaey
(2009)

cognitive
impairment

delirium

simple pen
drawings;
once (3
hours after
extubation)

NEECHAM;
NR

100
[midazolam];
70 [propofol]

29.6

midazolam

benzodiazepine

0.11±0.02c
mg.kg-1
[loading
dose];
1.3±0.2c
mg.kg-1
[hourly
maintenance
infusion rate]

NR

yes

yes

Amnesia
occurred
more often
in patients
receiving
midazolam
vs. propofol
patients:
P<0.001

OR for
benzodiazepines as
predictor
of delirium: 2.89
(95% CI:
1.44-5.69);
P=0.003
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No

No
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delirium

Five-step
algorithm
including
CAM-ICU,
chart review,
and initiation
of treatment
for delirium

48

7(3-66)a mg
midazolam
equivalent
dose

Multinominal logistic
regression
within a
first-order
Markov
model
showed
benzodiazepines was
no predictor
of delirium
development
2 days later:
OR 1.0
(95% CI:
0.99-1.02)
Continuous
infusion
benzodiazepines was a
predictor of
transitioning
to delirium
OR 1.02
(95% CI:
1.00-1.03)

no

yes

Data of 2 studies (Jones et al., 2007 and Pandaharipande et al., 2007) are also described in Table 3 regarding long term neuropsychiatric outcomes of these studies.

benzodiazepine

Time-fixed
covariables:
admission
category, age,
APACHE IV
score, BMI,
CCI, hypertension,
elective admission, use
of psychoactive medication prior
to hospital
admission,
time-varying
covariables:
day of ICU
admission,
metabolic
acidosis,
SOFA,
sepsis, MV,
alpha-2-agonist use,
opioid,
propofol

Abbreviations: CAM-ICU, Confusion Assessment Method for the ICU; HADS, Hospital Anxiety and Depression Scale; HR, Hazard Rate; ICDSC, Intensive Care Delirium Screening Checklist; ICU, intensive care
unit; NEECHAM, Neelon and Champagne Confusion Scale; NR, not reported; OR, Odds Ratio; RR, Relative Risk ratio; aData presented as median (Interquartile Range), bData presented as median (range), cData
presented as mean±Standard Deviation, dData presented as 10th-90th percentile; eData presented as mean 95% CI; ¥Estimate based on Figure 2 of Granberg Axèll et al. (2002); §Results indicated a protective
effect of benzodiazepines

#

*Characteristics were exemplified if necessary and represented between brackets.

Zaal (2015)
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depression

Dowdy
(2008)
HADS;
3 months

Measure
and follow
up timing

Type

First author
(year)

28 [>8points
threshold]
or 11
[>11points
threshold]

Prevalence
(%)*

NEUROPSYCHIATRIC OUTCOMES

STUDY ID

benzodiazepines

Type

NR

Dosage

BENZODIAZEPINE ADMINISTRATION

yes and no

Yes/No

RR between
midazolam
equivalent
dose of
>100 mg.d-1
and positive
depression
screening
test (HADS
>8points
threshold):
2.4 (95%CI:
1.1, 3.8)
P=0.03,
but no
association
was found
with the
mean HADS
score

Results as
reported

NR

Analysis
corrected
for demographic and/
or clinical
variables?

BENZODIAZEPINES IDENTIFIED AS A RISK
FACTOR

Table 3. Data extraction of studies (n=14#) reporting long term neuropsychiatric outcomes after ICU admission
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Ethier
(2011)

Dowdy
(2009)

Recall of
anxiety, fear,
and pain

depression

Patient Recall Questionnaire
(custom
made); <72
hours

HADS;
6 months

50 [pain];
60 [fear];60
[anxiety]

26 [>8points
threshold]
or 11
[>11points
threshold]

midazolam

midazolam

54.9 mg
mean daily
dose in the
protocolized
sedation
group; 83.9
mg daily in
the daily
interruption
group

NR

no

yes

Bivariate
and
Spearman
rank
correlations
showed no
association
between
mean daily
dose of
sedatives
and factual
memories or
the presence
of fear, pain,
or anxiety
(P>0.05)

RR between
midazolam
equivalent
dose of ≥75
mg.d-1 and
a positive
depression
screening
test (mean
2 point rise
in HADS
score): 2.1
(95%CI: 1.2,
3.5)
P= 0.007
No

No
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Girard
(2007)

PTSD

PTSS-10;
6 months

14

lorazepam,
midazolam

NR

yes

Spearman
correlation of
cumulative
dose of sedatives and
PTSS-10
score: ρ =
0.30; P=0.05
(lorazepam) and
ρ = -0.22;
P=0.16 (midazolam).
Multiple
variable
analysis
showed an
association
of 10 mg
increase in
cumulative
lorazepam
dose with
increase
of PTSS10 score:
B=0.39
(95% CI
0.17 to
0.61);
P=0.04
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age, gender,
APACHE II
and days
of delirium
were
included
in the
regression
model
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PTSD
depression
cognitive
impairment

PTSD
depression
cognitive
impairment

Jackson
(2010)

Jackson
(2010)
PTSS-10,
BDI-II and
9 neuropsycho-logical
test; 3 and
12 months

PTSS-10,
BDI-II and
9 neuropsycho-logical
test; 3 and
12 months

Depression
(threshold
PTSD
>10):
(threshold
3 months:
>35):
64[inter3
months:
vention];
14[inter58[control]
vention];
12 months:
10[control]
59[inter12
months:
vention];
24[inter62[control]
vention];
24[control]
Cognitive
impairment
Depression
(>1.5 SD on
(threshold
> 2 out of
>10):
9 months:
or >2SD
3
on > 1 out
64[interof 9 tests):
vention];
3 months:
58[control]
70[inter12
months:
vention];
59[inter91[control]
vention];
12 months:
62[control]
72[intervention];
Cognitive
70[control]
impairment
(>1.5 SD on
> 2 out of
9 or >2SD
on > 1 out

PTSD
(threshold
>35):
3 months:
14[intervention];
10[control]
12 months:
24[intervention];
24[control]

lorazepam
equivalents

lorazepam
equivalents

Median
21(5-83)
a mg [intervention];
42(10-296)a
mg [control]

Median
21(5-83)
a mg [intervention];
42(10-296)a
mg [control]

Yes and no

Yes and no

Presence
of PTSD or
depressive
symptoms
were not
significantly
different
between
grpups at
3 months
(P=0.59
for both) or
12 months
(P=0.82 for
Presence
depression,
of
PTSD or
P=0.97 for
depressive
PTSD)
symptoms
were not
Presence
signifi
cantly
of cognitive
different
impairment
between
in the at
grpups
intervention
3
months
group vs.
(P=0.59
cognitive
for
both) or
impairment
12
months
in the control
(P=0.82
for
group was
depression,
significant
P=0.97
for
at 3 months
PTSD)
absolute risk
reduction
Presence
20.2%,
of
cognitive
95%CI: 1.5
impairment
to the
36.1%,
in
P=0.03)
intervention
but notvs.
at
group
12 months
cognitive
(absolute
impairment
riskthe control
in
reduction
group
was
-1.9%,cant
95%
signifi
CI:3-21.3
at
months
to 27.1%,
NR

NR
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Jones
(2007)

PTSD

PDS, PTSS14; 2 and
3 months

7.6
[elective];
11.6
[emergency]

(>1.5 SD on
> 2 out of
9 or >2SD
on > 1 out
of 9 tests):
3 months:
70[intervention];
91[control]
12 months:
72[intervention];
70[control]

lorazepam
equivalents

4.1 (0 to54)
mg [median
dose]

yes

Structural
equation
modeling
showed an
association
between
sedation
and PTSD:
R2=0.34

risk
in the control
reduction
group was
-1.9%,
95%
significant
CI:
at 3-21.3
months
to
27.1%,risk
absolute
P=0.89).
reduction
20.2%,
95%CI: 1.5
to 36.1%,
P=0.03)
but not at
12 months
(absolute
risk
reduction
-1.9%, 95%
CI: -21.3
to 27.1%,
P=0.89).
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Model was
first run
with and
ultimately
without
APACHE II
scores and
age
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MacLaren
(2015)

ASD
depression
anxiety

IES-R,
HADS;
before
hospital
discharge

Anxiety: 25
[dexmedetomidine], 0
[midazolam]

Depression:
12.5 [both
dexmedetomidine,
midazolam]

ASD: 62.5
[dexmedetomidine], 1
[midazolam]

midazolam

65.3(24.592.3) mg
[dexemedetomidine
group],
126.9(93.2608.8)
[midazolam
group]
[median
cumulative
dose]

no

No significant differences in
percentages
patients
developing
anxiety,
depression
or ASD
were found
between midazolam and
dexmedetomidine

No
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Nelson
(2000)

PTSD
depression

7 questions
questionnaire (custom made)
and CES-D;
mean 19 (641)b months

Depression:
69 [without
preexisting
depression];
75 [with
previous
history of
depression],
threshold
>16

PTDS: 56.5
[feeling
irritable or
tense] 47.8
[difficulty
concentrating];
43.5[memory problems];
47.8[feeling
fearful or
anxious];
43.5 [feeling
angry];
56.6 [lack
of sleep];
39.1 [bad
memories
or dreams
about the
hospitalization]

lorazepam,
midazolam

cumulative
lorazepam:
high, > 16.3;
medium,
2.7-16.3;
low, <2.7
(mg.kg-1)

Cumulative
midazolam:
high, >10.8;
medium,
1.3-10.8;
low, <1.3
(mg.kg-1)

yes

Correlation
of PTSD
score with
number of
calendar
days sedation was administered:
r2=0.32;
P=0.006 and
with days
of additive
sedation
(sum of
sedatives on
a given day):
r2=0.33;
P=0.005
Correlation
of CES-D
score with
number of
calendar
days sedation was administered:
r2=0.30;
P=0.007 and
with days
of additive
sedation:
r2=0.32;
P=0.005
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Pandharipande
(2007)

cognitive
impairment

MMSE and
TMT-B; <72
hours

NR

lorazepam

3 (2.2-6)a
mg.kg-1 per
hour

no

MMSE and
TMT-B
scores of
dexmedetomidine vs.
lorazepam
groups did
not differ
significantly:
28 vs.27
(P=0.23)
and 18 vs.
19 (P=0.75),
respectively

TMTB
scores were
corrected
for age and
level of
education
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Pandharipande
(2013)

cognitive
impairment

Global
cognition
with the
RBANS and
the TMT-B;
3 and 12
months

40%
<1.5 SD
population
means and
26% < 2SD
population
means for
RBANS at
3 months;
34%
<1.5 SD
population
means and
24% < 2SD
population
means for
RBANS at
12 months

benzodiazepines

NR

Yes and no

Benzodiazepine dose
was not
associated
with RBANS
scores

Higher benzodiazepine
use were
an independently
risk factor
for worse
TMT-B
performance
at 3 months:
-2.9 (95%CI:
-6.9 to 1.0);
P=0.04
but not at
12 months
(P=0.19)
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Lineair
regression
models included a priori selected
covariates:
age, educational level,
coexisting
conditions,
preexisting
cognitive
impairment,
apolipoprotein E
genotype,
stroke risk,
and ICU
variables
(e.g., severity of illness,
mean haloperidol dose,
duration
of severe
sepsis,
duration of
hypoxemia
and interaction between
delirium and
coma)

RBANS
scores were
population
age-adjusted, the
TMT-B was
age, sex and
education
adjusted
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Ratzer
(2014)

PTSD

HTQ; 6
months

19.2

Lenght of
midazolam
sedation

NR

yes

Pearson
correlation
of lenght of
midazolam
sedation
and PTSD
symptoms
showed a
significant
association
(P=0.01)
Hierachical
linear
regression
analysis also
showed an
association
of length
of sedation
with
increased
PTSD
symptoms:
Beta=0.24;
P=0.02

Hierachical
lineair regression further included
gender,
ASD scale
dissociation,
ASD scale
hypervigilance and
VAS locus of
control

stroke risk,
and ICU
variables
(e.g., severity of illness,
mean haloperidol dose,
duration
of severe
sepsis,
duration of
hypoxemia
and interaction between
delirium and
coma)
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Sackey
(2008)

PTSD
depression
anxiety

IES and
HADS; 6
months

60
[isoflurane]
and 33
[midazolam],
based on
thresholds
for HADS
>11 and/or
IES >25

midazolam

NR

no

Scores
above
threshold
scores
did not
significantly
differ
between
patients
in the
midazolam
group vs. the
isoflurane
group,
P=0.6
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Treggiari
(2009)

PTSD
depression
anxiety

PCL and
IES, and
HADS;
at ICU
discharge
and 4 weeks
later

Anxiety:12 [light
sedation],
12 [deep
sedation]

Depression:8 [light
sedation],
4 [deep
sedation]

PTSD:
10 [light
sedation],
9 [deep
sedation]

midazolam

39 (96)
mg light
sedation,
53(97)
mg deep
sedation
[cumulative
dose]

Yes and no

No
significant
differences
were found
between
light and
deep
sedation
and PSTD,
depressive
or anxiety
symptoms at
4 weeks

After deep
vs. light
sedation,
more
patients had
depressive
symptoms
at discharge
(P=0.02)
although
scores
were not
significantly
higher
(P=0.13).

No
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Wade
(2012)

PTSD
depression
anxiety

PDS,
CES-D,
STAI; 3
months

PTSD: 27.1
Depression:
46.3
Anxiety:
44.4

benzodiazepines

NR

Yes and no

Multivariable
regression
analysis
yielded that
benzodiazepine use
was a risk
factor for
PTSD and
depression when
controlled
for sociodemographic

Association
in univariable analysis
between
benzodiazepine administration and
PTSD: mean
difference
score 6.96
(95% CI:
2.36-11.57);
P<0.01;between
benzodiazepines and
depression:
7.44 (95%
CI: 1.8113.07);
P=0.01; and
between
benzodiazepines and
anxiety:
5.95 (95%
CI 0.03
to 11.87);
P<0.05.
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Multivariate
analysis
adjusted for
socio-demographic
factors, clinical, chronic
physical,
acute
physical and
psychological history
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Data presented as median (Interquartile Range), bData presented as mean (range)

Abbreviations: ASD, acute stress disorder; B, regression coefficient of multiple linear regression; CES-D, Centre for Epidemiologic Studies Depression Scale; GDS, Geriatric Depression Scale; HADS, Hospital
Anxiety and Depression Scale; HTQ, Harvard Trauma Questionnaire; ICU, intensive care unit; IES, Impact of Events Scale; MDI, Major Depression Inventory; MMSE, Mini Mental State Examination; NR, not
reported; PCL, PTSD Checklist; PDS, Post-Traumatic Diagnostic Scale; PTSD, post-traumatic stress disorder; PTSS-10, Post-Traumatic Stress Syndrome-10 Questions Inventory; PTSS-14, UK Post-Traumatic
Stress Syndrome 14-Questions Inventory; RBANS, repeatable battery for the assessment of neuropsychological status; RR, Relative Risk ratio; STAI, Spielberger’s State-Trait Anxiety Inventory; TMT-B Trail Making
Test B; VAS, Visual Analogue Scale.

#

*Characteristics of patient subgroups were exemplified if necessary and represented between brackets. # Data of 2 studies (Jones et al., 2007 and Pandaharipande et al., 2007) are also described in Table 2
regarding short term neuropsychiatric outcomes of these studies.

Multivariable
regression
analysis
yielded that
benzodiazepine use
was a risk
factor for
PTSD and
depression when
controlled
for sociodemographic
factors
(P<0.05)
but no
significant
association
was found
anymore
in a fully
adjusted
model

to 11.87);
P<0.05.

Figure 1. Flow diagram of the search and study selection.

Total number of records indentified: 4,321
1.255 Duplicates removed

2

3.066 articles
Excluded based on title: 2.552
514 articles
Excluded based on abstract: 418
96 articles
Excluded based on full text: 47
49 articles
No verlapping studies identified
References list revealed no extra articles
Number of articles included: 49
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cohort size and methodological quality.*

|

*Methodological quality score on study level depicted as percentage of maximum score.

Figure 2. Overview of studies (n=37) investigating benzodiazepines as a risk factor for neuropsychiatric outcomes during hospitalization based on
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cohort size and methodological quality.*

* Methodological quality score on study level depicted as percentage of maximum score.

Figure 3. Overview of studies (n=14) investigating benzodiazepines as a risk factor for neuropsychiatric outcomes after hospitalization based on
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Appendix I. Study quality assessment

Table 1. Study ID

2

STUDY ID
First author (name, initials)
Title
Year of publication
Journal reference
Study design I (randomized controlled trial/case-control/cohort/ crosssectional)
Study design II (prospective/retrospective)

Table 2. Assessment of study quality
STUDY QUALITY
Group size (n)

Baseline assessment complete
Follow up complete

Loss to follow up (%, round
number)
Deceased (%, round number)
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Table 3. Socio-demographic and clinical characteristics
BASELINE VARIABLES
Age (years; median/mean and range)
Sex (%M;%F)
Ethnicity (%Caucasian, %African [American], %Latin American,% Asian,
%other)
Marital status(%)
Working prior to ICU admission (%)
Type of hospital setting (primary/ secondary/ tertiary care)
ICU admission category (%)

Medical (i.e. non-surgical)
Surgical
Cardiology
Neurology
Mixed

Duration of ICU admission (days; median/mean and range)
Substance abuse (%)
APACHE II/APACHE IV score (median/mean and range)
Prior history:

Psychiatric (yes/no; describe if yes
Medical (yes/no; describe if yes)

ICU-related events (e.g. agitation/mechanical ventilation/physical restraint/
pain/symptoms of acute stress/coma/total parenteral nutrition/ other)
Relevant specifications of ICU-related event(s) as stated above (if
described)
Post-ICU memory of in-ICU experiences (yes/no)
Continued on next page
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Table 3 Continued from previous page

2
Other

Bolus administration (yes/no)

Frequency of administration
(median/mean and range)

Dosage (total amount in mg)

Duration (hours; median/ mean
and range)

%

Type of medication

Mode of administration (oral/
intramuscular/ intravenous/ rectal)

MEDICATION-USE DURING ICU ADMISSION

Benzodiazepines
Antipsychotics
Antidepressants
Anaesthetic agents
Opioids
Steroids
Inotropes/ vasopressors
Other
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Table 4. Assessment of neuropsychiatric outcome and follow up
METHOD OF NEUROPSYCHIATRIC OUTCOME ASSESSMENT AND FOLLOW UP TIMING

Depression

Anxiety disorder

Cognitive impairment

Delirium

PTSD

Type of psychiatric morbidity

N/A

N/A

N/A

Method of assessment
(code*/full name of
validated questionnaire or
interview by psychologist/
psychiatrist)
Number of assessments
during ICU admission (n)

N/A

Number of assessments
after ICU discharge (n)

N/A

Mean follow up timing
(months after ICU
discharge)

N/A
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Table 5. Main study outcome and conclusion(s)
MAIN STUDY OUTCOMES
Patients
showing signs of
neuropsychiatric
morbidity (%)

During ICU
admission

Delirium

After ICU discharge

PTSD

2

Depression
Anxiety
Cognitive impairment
Benzodiazepine use identified as a risk factor (yes/no; associated
outcome and specifications)
Used (statistical) method to identify/rule out benzodiazepine use as a risk
factor
Main conclusion(s)
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Table 6. Neuropsychiatric assessment tool codes
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OUTCOME

Name of
validated
questionnaire

P2

P3

P4

P5

P6

P7

CAPS

DTS

IES

IES-R

MPSSSR

PCL

PTSD

P1

PTSD CODE

BAI-PC

NEECHAM

ICDSC

DOS

DDS

CTD

CCSE

CAM-ICU

DELIRIUM

98
DELIRIUM CODE
Del7

Del6

Del5

Del4

Del3

Del2

Del1

ANXIETY
GHQ-28

GAD-7

GAD-2

DASS

BSI

BAI

ASQ-15

ANXIETY CODE
A7

A6

A5

A4

A3

A2

A1

COGNITIVE IMPAIRMENT
DRS

Clock
Drawing
Test

CFQ

CCSE

CAPE

BLS-D

6CIT

COGNITIVE IMPAIRMENT CODE
C7

C6

C5

C4

C3

C2

C1

DEPRESSION
GDS

DASS

DACL

CRS

CES-D

BDI-II

BAS-D

Continued on next page

Dep7

Dep6

Dep5

Dep4

Dep3

Dep2

Dep1

DEPRESSION CODE

P8

P9

P10

P11

P12

P13

P14

P16

PCPTSD

PDS

PTSD
Symptom
Checklist- civilian
version

PTSS-10

PTSS-14

SCID

SPAN

TSQ

Table 6 Continued from previous page

NuDESC

Del8

A15
A16
A17

STAI
TMAS

A14

A13

A12

A11

A10

A9

A8

SCL-90R

SAS

PHQ-8

PHQ-15

PDSQ

MiniSPIN

HSC

HADS

SPMSQ

MMSE

C9

C8

SDS

HADS

2
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6CIT: 		
Six-Item Cognitive Impairement Test
BAI-PC: 		
Beck Anxiety Inventory – Primary Care
CAPS: 		
Clinician-Administered PTSD Scale
DACL: 		
Depression Adjective Check Lists
DTS: 		
Davidson Trauma Scale
GDS: 		
Geriatric Depression Scale
IES: 		
Impact of Events Scale
IES-R: 		
Impact of Events Scale-revised
MPSS-SR:
Modified PTSD Symptom Scale
PCL: 		
PTSD Checklist
PC-PTSD:
Primary Care PTSD Screen
PDS: 		
Posttraumatic Diagnostic Scale
PTSS-10:
Post-traumatic Stress Syndrome 10-Questions Inventory
PTSS-14:
UK Post-traumatic Stress Syndrome 14-Questions
		Inventory
SCID: 		
Structured Clinical Interview for DSM-IV Axis I Disorders
SDS: 		
Self-Rating Depression Scale
SPAN: 		
Startle, Physiological arousal, Anger, and Numbness
		Scale
BAS-D: 		
Brief Assessment Schedule—Depression
BDI-II: 		
Beck Depression Inventory, second version
BLS-D: 		
Blessed’s Dementia Scale
CAM-ICU:
Confusion Assessment Method for the ICU
CES-D: 		
Center for Epidemiologic Studies Depression Scale
CRS: 		
Carroll Rating Scale
CTD: 		
Cognitive Test for Delirium
DDS: 		
Delirium Detection Score

List of abbreviations
DOS: 		
Delirium Observation Screening
ICDSC: 		
Intensive Care Delirium Screening Checklist
NEECHAM:
Neecham Confusion Scale Nu-DESC: Nursing Delirium
		Screening Scale
SPMSQ: 		
Short Portable Mental Status Questionnaire
TMAS: 		
Taylor’s Manifest Anxiety Inventory
TSQ: 		
Trauma Screening Questionnaire
ASQ-15: 		
Anxiety Screening Questionnaire
BAI: 		
Beck Anxiety Inventory
BSI: 		
Brief Symptom Inventory
CAPE: 		
Clifton Assessment Procedures for the Elderly
CCSE: 		
Cognitive Capacity Screening Examination
DASS: 		
Depression and Anxiety Stress Scale
DRS: 		
Dementia Rating Scale
GAD: 		
Generalized Anxiety Disorder Test
GHQ-28: 		
General Health Questionnaire
HADS: 		
Hospital Axiety and Depression Scale
HSC: 		
Hopkins Symptom Checklist
Mini-SPIN:
Social Phobia Inventory
MMSE: 		
Mini-Mental State Examination
PDSQ: 		
Psychiatric Diagnostic Screening Questionnaire
PHQ: 		
Patient Health Questionnaire
SAS: 		
Zung’s Self-Rating Anxiety Scale
SCL-90R:
Symptom Check List-90 Revised
STAI: 		
Spielberger’s State-Trait Anxiety Inventory
CFQ: 		
Cognitive Failure Questionnaire

Appendix II. Database specific search filters

Pubmed
SEARCH

QUERY

#1

((((((((((((((((((ICU[Title/Abstract]) OR IC[Title/Abstract]) OR Sepsis[Title/
Abstract]) OR Critical care[Title/Abstract]) OR Critical illness[Title/Abstract])
OR Intensive care[Title/Abstract]) OR Intensive care unit[Title/Abstract])
OR ARDS[Title/Abstract]) OR ALI[Title/Abstract]) OR Acute respiratory
distress syndrome[Title/Abstract]) OR Acute lung injury[Title/Abstract])
OR Mechanical ventilation[Title/Abstract]))) OR intensive care units[MeSH
Terms]) OR intensive care unit[MeSH Terms]) OR intensive care[MeSH
Terms]) OR critical illness[MeSH Terms]) OR critical care[MeSH Terms]

#2

(((((((((((((((((((((((((((((((Benzodiazepine*[Title/Abstract]) OR Sedative*[Title/
Abstract]) OR Sedation[Title/Abstract]) OR Temazepam[Title/
Abstract]) OR Prazepam[Title/Abstract]) OR Pirenzepin*[Title/
Abstract]) OR Oxazepam[Title/Abstract]) OR Nitrazepam[Title/
Abstract]) OR Lorazepam[Title/Abstract]) OR flurazepam[Title/
Abstract]) OR Flunitrazepam[Title/Abstract]) OR Flumazenil[Title/
Abstract]) OR Diazepam[Title/Abstract]) OR Devazepide[Title/
Abstract]) OR Clonazepam[Title/Abstract]) OR Bromazepam[Title/
Abstract]) OR Anthramycin*[Title/Abstract]) OR Triazolam[Title/Abstract])
OR Midazolam[Title/Abstract]) OR Medazepam[Title/Abstract]) OR
Estazolam[Title/Abstract]) OR Clorazepate Dipotassium[Title/Abstract])
OR Chlordiazepoxide[Title/Abstract]) OR Alprazolam*[Title/Abstract])) OR
benzodiazepine[MeSH Terms]) OR benzodiazepines[MeSH Terms])) OR
sedatives[MeSH Terms]) OR (sedatives and hypnotics[MeSH Terms]))

#3

((((((((((((((((((((((PTSD[Title/Abstract]) OR Post Traumatic Stress[Title/
Abstract]) OR Post Traumatic Stress Related Symptoms[Title/Abstract]) OR
Post Traumatic Stress Syndrome[Title/Abstract]) OR Post Traumatic Stress
Disorder[Title/Abstract]) OR PTSS[Title/Abstract]) OR depression[Title/
Abstract]) OR Depressive Symptoms[Title/Abstract]) OR Delirium[Title/
Abstract]) OR anxiety[Title/Abstract]) OR Anxiety Disorder[Title/Abstract])
OR Acute Confusional State[Title/Abstract]) OR Confusion[Title/Abstract])
OR Cognitive Impairment[Title/Abstract]) OR Neurocognitive[Title/
Abstract]) OR Cognition[Title/Abstract]) OR Mental Disorder[Title/Abstract])
OR Cognition Disorder[Title/Abstract]) OR Neurocognition[Title/Abstract])
OR Dementia[Title/Abstract]) OR Brain Dysfunction[Title/Abstract]) OR
POCD[Title/Abstract]) OR psychiatric morbidity[Title/Abstract]

#4

((#1) AND #2) AND #3
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EMBASE
SEARCH

QUERY

#1

ptsd:ab,ti OR ptss:ab,ti OR post AND traumatic AND 'stress'/exp AND
disorder:ab,ti OR post AND traumatic AND 'stress'/exp AND syndrome:ab,ti
OR post AND traumatic AND stress:ab,ti OR post AND traumatic AND
'stress'/exp AND related AND symptoms:ab,ti OR (depression:ab,ti OR
depressive AND symptoms:ab,ti) OR (cognitive AND impairment:ab,ti
OR 'cognition'/exp AND disorder:ab,ti OR mental AND disorder:ab,ti OR
cognition:ab,ti OR neurocognitive:ab,ti OR neurocognition:ab,ti OR 'brain'/
exp AND dysfunction:ab,ti) OR delirium:ab,ti OR dementia:ab,ti OR acute
confusional AND state:ab,ti OR confusion:ab,ti OR (anxiety:ab,ti OR
'anxiety'/exp AND disorder:ab,ti)

#2

intensive AND care:ab,ti OR intensive AND care AND unit:ab,ti OR
intensive AND care AND units:ab,ti OR icu:ab,ti OR ic:ab,ti OR sepsis:ab,ti
OR mechanical AND ventilation:ab,ti OR acute AND 'lung'/exp AND
injury:ab,ti OR ali:ab,ti OR acute AND respiratory AND 'distress'/exp AND
syndrome:ab,ti OR ards:ab,ti OR critical AND care:ab,ti OR critical AND
illness:ab,ti

#3

benzodiazepine:ab,ti OR benzodiazepines:ab,ti OR alprazolam:ab,ti
OR chlordiazepoxide:ab,ti OR 'clorazepate'/exp AND dipotassium:ab,ti
OR estazolam:ab,ti OR medezepam:ab,ti OR midazolam:ab,ti
OR triazolam:ab,ti OR anthramycin:ab,ti OR bromazepam:ab,ti
OR clonazepam:ab,ti OR devazepide:ab,ti OR diazepam:ab,ti
OR flumazenil:ab,ti OR flunitrazepam:ab,ti OR flurazepam:ab,ti
OR lorazepam:ab,ti OR nitrazepam:ab,ti OR oxazepam:ab,ti OR
pirenzepin:ab,ti OR prazepam:ab,ti OR temazepam:ab,ti OR sedative:ab,ti
OR sedation:ab,ti

#4

#1 AND #2 AND #
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Database specific search filters: The Cochrane Library
SEARCH

QUERY

#1

MeSH descriptor: [Benzodiazepines] explode all trees*

#2

benzodiazepine

#3

benzodiazepines

#4

chlordiazepoxide

#5

alprazolam

#6

clorazepate dipotassium

#7

estazolam

#8

Medazepam

#9

Midazolam

#10

Triazolam

#11

anthramycin

#12

bromazepam

#13

clonazepam

#14

devazepide

#15

diazepam

#16

flumazenil

#17

flunitrazepam

#18

flurazepam

#19

lorazepam

#20

nitrazepam

#21

oxazepam

#22

pirenzepin

#23

prazepam

#24

temazepam

#25

MeSH descriptor: [Hypnotics and Sedatives] explode all trees*

#26

sedative

#27

sedation

#28

#1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 or #12 or #13
or #14 or #15 or #16 or #17 or #18 or #19 or #20 or #21 or #22 or #23 or #24
or #25 or #26 or #27

#29

MeSH descriptor: [Stress Disorders, Post-Traumatic] explode all trees*

#30

PTSD

#31

PTSS

#32

post traumatic stress disorder

#33

post traumatic stress syndrome

#34

post traumatic stress related symptoms

#35

post traumatic stress

#36

MeSH descriptor: [Anxiety] explode all trees*

2

Continued on next page
B e n zo d i azepine use and neur opsychiatr ic outcomes i n the Intens i v e C ar e U ni t: a s y s tem ati c r ev i ew

| 103

Table Continued from previous page

#37

anxiety

#38

anxiety disorder

#39

MeSH descriptor: [Delirium] explode all trees*

#40

delirium

#41

dementia

#42

acute confusional state

#43

confusion

#44

MeSH descriptor: [Cognition] explode all trees*

#45

cognitive impairment

#46

cognition disorder

#47

mental disorder

#48

cognition

#49

neurocognitive

#50

neurocognition

#51

Brain dysfunction

#52

MeSH descriptor: [Depression] explode all trees*

#53

depression

#54

depressive symptoms

#55

psychiatric morbidity

#56

POCD

#57

#29 or #30 or #31 or #32 or #33 or #34 or #35 or #36 or #37 or #38 or #39 or
#40 or #41 or #42 or #43 or #44 or #45 or #46 or #47 or #48 or #49 or #50 or
#51 or #52 or #53 or #54 or #55 or #56

#58

MeSH descriptor: [Intensive Care Units] explode all trees*

#59

MeSH descriptor: [Intensive Care] explode all trees*

#60

IC

#61

ICU

#62

intensive care

#63

intensive care unit

#64

sepsis

#65

mechanical ventilation

#66

acute lung injury

#67

ALI

#68

ARDS

#69

acute respiratory distress syndrome

#70

critical care

#71

critical illness

#72

#58 or #59 or #60 or #61 or #62 or #63 or #64 or #65 or #66 or #67 or #68 or
#69 or #70 or #71

* All MeSH terms should be imported manually.
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CINAHL
SEARCH

QUERY

S1

TI (intensive care unit OR IC OR ICU OR sepsis OR intensive care OR
critical illness OR critical care OR mechanical ventilation OR acute lung
injury OR ALI OR acute respiratory distress syndrome OR ARDS) OR AB
(intensive care unit OR IC OR ICU OR sepsis OR intensive care OR critical
illness OR critical care OR mechanical ventilation OR acute lung injury OR
ALI OR acute respiratory distress syndrome OR ARDS)

S2

TI (PTSD OR PTSS OR post traumatic stress disorder OR post traumatic
stress syndrome OR post traumatic stress related symptoms OR post
traumatic stress) OR AB (PTSD OR PTSS OR post traumatic stress
disorder OR post traumatic stress syndrome) OR AB (anxiety OR anxiety
disorder) OR TI (anxiety disorder OR anxiety) OR TI (delirium OR dementia
OR acute confusional state OR confusion) OR AB (delirium OR dementia
OR acute confusional state OR confusion) OR TI (cognitive impairment OR
cognitive disorder OR cognition disorder OR mental disorder OR cogniton
OR neurocognitive OR neurocognition) OR AB (cognitive impairment OR
cognitive disorder OR cognition disorder OR mental disorder OR cognition
OR neurocognitive OR neurocognition) OR TI brain dysfunction OR AB
brain dysfunction OR TI (depression OR depressive symptoms) OR AB
(depression OR depressive symptoms)

S3

TI (benzodiazepine OR benzodiazepines OR alprazolam OR
chlordiazepoxide OR clorazepate dipotassium OR estazolam OR
medezepam OR midazolam OR triazolam OR anthramycin OR
bromazepam OR clonazepam OR devazepide OR diazepam OR
flumazenil OR flunitrazepam OR flurazepam OR lorazepam OR
nitrazepam OR oxazepam OR pirenzepin OR prazepam OR temazepam
OR sedative OR sedation) OR AB (benzodiazepine OR benzodiazepines
OR alprazolam OR chlordiazepoxide OR clorazepate dipotassium OR
estazolam OR medezepam OR midazolam OR triazolam OR anthramycin
OR bromazepam OR clonazepam OR devazepide OR diazepam OR
flumazenil OR flunitrazepam OR flurazepam OR lorazepam OR nitrazepam
OR oxazepam OR pirenzepin OR prazepam OR temazepam OR sedative
OR sedation)

S4

S1 AND S2 AND S3
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PsychINFO
SEARCH

QUERY

#1

(benzodiazepine or benzodiazepines or alprazolam or chlordiazepoxide
or clorazepate dipotassium or estazolam or medezepam or midazolam or
triazolam or anthramycin or bromazepam or clonazepam or devazepide
or diazepam or flumazenil or flunitrazepam or flurazepam or lorazepam
or nitrazepam or oxazepam or pirenzepin or prazepam or temazepam
or sedative or sedation).ab. or (benzodiazepine or benzodiazepines or
alprazolam or chlordiazepoxide or clorazepate dipotassium or estazolam
or medezepam or midazolam or triazolam or anthramycin or bromazepam
or clonazepam or devazepide or diazepam or flumazenil or flunitrazepam
or flurazepam or lorazepam or nitrazepam or oxazepam or pirenzepin or
prazepam or temazepam or sedative or sedation).ti.

#2

(depression or depressive symptoms or ptsd or ptss or post traumatic
stress disorder or post traumatic stress syndrome or post traumatic stress
or post traumatic stress related symptoms or anxiety or anxiety disorder or
delirium or dementia or acute confusional state or confusion or cognitive
impairment or cognition disorder or mental disorder or cognition or
neurocognitive or neurocognition or brain dysfunction).ab. or (depression
or depressive symptoms or ptsd or ptss or post traumatic stress disorder or
post traumatic stress syndrome or post traumatic stress or post traumatic
stress related symptoms or anxiety or anxiety disorder or delirium or
dementia or acute confusional state or confusion or cognitive impairment
or cognition disorder or mental disorder or cognition or neurocognitive or
neurocognition or brain dysfunction).ti.

#3

(intensive care or intensive care unit or intensive care units or icu or ic
or sepsis or mechanical ventilation or acute lung injury or ali or acute
respiratory distress syndrome or ards or critical care or critical illness).
ab. or (intensive care or intensive care unit or intensive care units or icu
or ic or sepsis or mechanical ventilation or acute lung injury or ali or acute
respiratory distress syndrome or ards or critical care or critical illness).ti.

#4

1 and 2 and 3
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Appendix III. Data extraction form

Table 7. Reporting
ITEM NO.

POSSIBLE
OUTCOME

1. Is the hypothesis/aim/objective of the study
clearly described?

Yes (1)

2

SCORE

No (0)
2. Are the main outcomes to be measured clearly
described in the Introduction or Methods section?

Yes (1)
No (0)

3. Are the characteristics of the patients included in
the study clearly described?

Yes (1)
No (0)

4. Are the distributions of principal confounders
in each group of subjects to be compared clearly
described?

Yes (2)
Partially (1)
No (0)

5. Are the main findings of the study clearly
described?

Yes (1)
No (0)

6. Does the study provide estimates of the random
variability in the data for the main outcomes?

Yes (1)
No (0)

7. Have the characteristics of patients lost to
follow-up been described?

Yes (1)
No (0)

8. Have actual probability values been reported
(e.g. 0.035 rather than <0.05) for the main
outcomes except where the probability value is
less than 0.001?		

Yes (1)

No (0)

Total score on ‘Reporting’
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Table 8. External validity
ITEM NO.

POSSIBLE
OUTCOME

9. Were the subjects asked to participate in the
study representative of the entire population from
which they were recruited?

Yes (1)
No (0)
Unable to
determine (0)

10. Were those subjects who were prepared to
participate representative of the entire population
from which they were recruited?

Yes (1)
No (0)
Unable to
determine (0)

11. Were the staff, places, and facilities where
the patients were treated, representative of the
treatment the majority of patients receive?

Yes (1)
No (0)
Unable to
determine (0)

Total score on ‘External validity’
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SCORE

Table 9. Internal validity – bias
ITEM NO.

POSSIBLE
OUTCOME

12. If any of the results of the study were based on
“data dredging”, was this made clear?

Yes (1)

SCORE

2

No (0)
Unable to
determine (0)
13. In trials and cohort studies, do the analyses
adjust for different lengths of follow-up of patients,
or in case-control studies, is the time period
between the intervention and outcome the same
for cases and controls?

Yes (1)
No (0)
Unable to
determine (0)

14. Were the statistical tests used to assess the
main outcomes appropriate?

Yes (1)
No (0)
Unable to
determine (0)

15. Were the main outcome measures used
accurate (valid and reliable)?

Yes (1)
No (0)
Unable to
determine (0)

Total score on ‘Internal validity-bias’
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Table 10. Internal validity - confounding (selection bias)
ITEM NO.

POSSIBLE
OUTCOME

16. Were the patients in different intervention
groups (trials and cohort studies) or were the
cases and controls (case-control studies) recruited
from the same population?

Yes (1)

No (0)
Unable to
determine (0)
17. Were study subjects in different intervention
groups (trials and cohort studies) or were the
cases and controls (case-control studies) recruited
over the same period of time?

Yes (1)

No (0)
Unable to
determine (0)
18. Was there adequate adjustment for
confounding in the analyses from which the main
findings were drawn?

Yes (1)
No (0)
Unable to
determine (0)

19. Were losses of patients to follow-up taken into
account?

Yes (1)
No (0)
Unable to
determine (0)

Total score on ‘Internal validity-confounding’
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SCORE

Table 11. Power
ITEM NO.

POSSIBLE OUTCOME

20. Is a power/sample size calculation present?

Yes (1)

SCORE

2

No (0)
Total score on ‘Power’
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ABSTRACT
Objective
Cardiac surgery and postoperative admission to the intensive care unit (ICU) may lead to posttraumatic stress disorder (PTSD) and depression. Perioperatively administered corticosteroids
potentially alter the risk of development of these psychiatric conditions, by affecting the
hypothalamic-pituitary-adrenal axis. However findings of previous studies are inconsistent.
We aimed to assess the effect of a single dose of dexamethasone compared to placebo on
symptoms of PTSD and depression, and health-related quality of life (HRQL) after cardiac
surgery and ICU admission.
Design
Follow up study of a randomized clinical trial.
Setting
Five Dutch heart centers.
Patients
Cardiac surgery patients (N=1244) who participated in the Dexamethasone for Cardiac
Surgery (DECS) trial.
Interventions
A single intraoperative intravenous dose of dexamethasone or placebo was administered in a
randomized, double-blind way.
Measurements
Symptoms of PTSD, depression, and HRQL were assessed with validated questionnaires 1.5
years after randomization.
Main Results
Data were available for 1125 (90.4%) patients; of which 561 received dexamethasone and 564
placebo. Overall, the prevalence of psychopathology was not influenced by dexamethasone.
PTSD and depression were present in respectively, 52 (9.3%) and 69 (12.3%) patients who
received dexamethasone and in 66 (11.7%) and 78 (13.8%) patients who received placebo
(PTSD: odds ratio [OR] 0.82, 95% confidence interval [95%CI] 0.55-1.20, p=0.30;
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depression: OR 0.92, 95%CI 0.64-1.31, p=0.63). Subgroup analysis revealed a lower
prevalence of PTSD (OR 0.23, 95%CI 0.07-0.72, p<0.01) and depression (OR 0.29, 95%CI
0.11-0.77, p<0.01) in female patients after dexamethasone administration. HRQL did not
differ between groups and was not associated with psychopathology.
Conclusions
Overall, our findings suggest that exogenous administration of the GR agonist dexamethasone
-compared to placebo- during cardiac surgery does not positively or negatively affect the
prevalence of PTSD and depression. However, in female patients beneficial effects on the
occurrence of PTSD and depression may be present.
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INTRODUCTION
Cardiac surgery is a frequently performed procedure, usually followed by a short admission
to an intensive care unit (ICU). The development of long-term psychopathology, in particular
post-traumatic stress disorder (PTSD) and depression is fairly common in these patients (1-3).
In ICU survivors, PTSD has been reported to range between 8% to 51% and depression from
8% to 46% (1, 4). Specifically in cardiac surgery patients, slightly lower and more convergent
prevalence data have been reported for PTSD (14% -25%) and depression (23% - 32%) (3,
5-10).
Corticosteroids are the end product of the hypothalamus-pituitary-adrenal (HPA)
axis and bind to the glucocorticoid receptor (GR) and mineralocorticoid receptor (MR).
Adequate HPA-axis functionality is pivotal for an individual to successfully adapt to a
changing environment (11). Conversely, impaired HPA-axis functionality may result in the
development of psychopathology, including PTSD and depression (12).
Results of relatively small trials suggest that stress doses of glucocorticoids around
the time of a traumatic event can reduce symptoms of PTSD in the first post-operative year
(13-16). Furthermore, reduction of HPA-axis feedback control by the glucocorticoid receptor
antagonist mifepristone was found to improve symptoms of mood disorders (17). This, in
turn, could improve health-related quality of life (HRQL; 13, 16). Besides potential beneficial
effects, it can be postulated that glucocorticoid treatment may have adverse psychiatric
consequences. Especially when administering a single large dose of glucocorticoids,
detrimental effects on mood, memory, cognition, and behavior were found to occur (reviewed
in 18).
Relatively little information is available on long-term effects of glucocorticoid
administration regarding PTSD in ICU survivors (19). Furthermore, no studies have
examined the effect of glucocorticoid administration on the development of depression. We
recently conducted a large, double-blind randomized controlled trial investigating the effect
of a high intraoperative dose of the glucocorticoid dexamethasone on the risk of major
perioperative adverse events in cardiac surgery patients (20). Dexamethasone is a potent GR
agonist with anti-inflammatory effects. In light of the close involvement of the HPA-axis in
the development of PTSD and depression, we hypothesized that dexamethasone would affect
the prevalence of psychopathology after cardiac surgery and ICU admission. The present
study aimed to assess the effect of a single, high intraoperative dose of dexamethasone on the
occurrence of long-term PTSD and depression after cardiac surgery and postoperative ICU
treatment.
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MATERIALS AND METHODS
Study design and participants
The Dexamethasone for Cardiac Surgery (DECS) study was a randomized, double-blind,
placebo-controlled trial (Clinicaltrials.gov identifier NCT00293592). Between April 2006 and
November 2011, 4494 patients of 18 years or older scheduled to undergo cardiac surgery,
and requiring cardiopulmonary bypass were recruited. Exclusion criteria were emergency
procedures, off-pump interventions and a life expectancy of six months or less. The present
study included patients who previously participated in this DECS study and had a maximum
follow-up time of four years. This is in accordance with previous literature (14). Participants
of the current study were recruited by the five participating cardiac surgery centers in the
Netherlands, which included approximately 90% of the total DECS study population:
University Medical Center Utrecht, Isala Clinics, Amphia Hospital, University Medical
Center Groningen, and Erasmus Medical Center. After exclusion of deceased patients and of
patients who were beyond the maximum follow up time inclusion criterion of 48 months after
randomization, an information letter was sent to 2458 patients (54.7% of the original DECS
study sample) between December 2012 and July 2013. Additional written informed consent
for participation in the present study was obtained from 1244 patients (50.6%). This follow
up study was approved by the Medical Ethics Committee of the University Medical Center
Utrecht. Study findings are reported according to CONSORT 2010 Statement criteria (21),
where applicable.
Intervention and randomization
Participants of the DECS study were randomized to receive either dexamethasone or placebo
during cardiac surgery. Dexamethasone was administered intravenously at a dose of 1 mg/kg
bodyweight (with a maximum of 100 mg) after induction of anesthesia, and before starting
cardiopulmonary bypass. The patients and observers of the present follow-up study were
blinded to treatment allocation. A more detailed description of the trial design has been
reported elsewhere (20).
Primary outcome
The primary outcome of this follow up study was the presence of above threshold symptoms
of PTSD, as measured by the Self-Rating Inventory for PTSD (SRIP). The SRIP is a wellvalidated Dutch questionnaire to assess symptoms of PTSD in adults (22). It consists of 22
items that correspond with the Diagnostic and Statistical Manual of Mental disorders, Fourth
Edition (DSM-IV) criteria for PTSD, which indicate the presence of symptoms in the past
four weeks. All items were rated on a four-point (0-3) Likert scale. A total score of 39 was
T h e e ffect o f d exam ethasone on sym ptom s of post- tr aum ati c s tr es s di s or der and depr es s i on after c ar di ac
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used as a cut-off value (sensitivity=0.74, specificity=0.81); scores of 39 and higher represent
above threshold symptoms of PTSD (23), further indicated as ‘PTSD’ in this article. This
questionnaire is validated in various populations (e.g., elderly community residents, psychiatric
patients, and high-risk populations such as traumatized veterans) (23). Internal reliability of
the SRIP is high with previously reported Cronbach’s alpha scores ranging between 0.90 and
0.94 for the total score, and an average test-retest correlation of 0.69 (23).
Secondary outcomes
We measured above threshold symptoms of depression using the Beck Depression InventoryII (BDI-II; 24). This 21-item questionnaire addresses the severity of depression in the past
week, according to the DSM-IV criteria for the diagnosis of depression. Each answer
was scored on a scale of 0 to 3, with higher total scores indicating more severe depressive
symptoms. A cut-off score of 13.5 (sensitivity=0.81, specificity=0.92) was used to determine
if above threshold symptoms of depression were apparent (25), which is further indicated as
‘depression’ in this article. Both Cronbach’s alpha and the test-retest reliability yielded a value
of 0.93 (24).
Finally, we evaluated physical and mental HRQL, using the Short Form-36 (SF36) (26). Eight domains of current HRQL are measured by the SF-36: vitality, physical
functioning, bodily pain, general health perceptions, physical role functioning, emotional
role functioning, social role functioning, and mental health. All domains were standardized
by converting domain scores into z-scores. Multiplication by domain specific subscale factor
score coefficients yielded mental and physical component summary scores (MCS and PCS).
The MCS and PCS sums were multiplied by 10, and 50 was added up to the product. In this
way, two norm-based summary scores of mental and physical HRQL with a mean of 50 and
a standard deviation of 10 were obtained (27). Higher scores indicate a better quality of life
(28). Cronbach’s alpha scores range from 0.71 to 0.92 for the eight separate domains (29).
Test-retest reliability is satisfactory and varies between 0.58 and 0.82 after two months (29).
Data collection and other variables of interest
The questionnaires addressing PTSD, depression, and HRQL were sent once by mail to
participants 1.5 to 4 years after randomization. Non-responding patients received a reminder
via telephone. Returned questionnaires were scanned all at once by the same individual,
who checked correspondence with the original paper questionnaires both during and after
digitalization.
Demographic characteristics regarding age, sex, height, weight, education (five levels:
no education, elementary school, lower vocational education, higher vocational education,
or university), and intoxications (i.e., smoking, alcohol or substance use) were collected
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from both the electronic hospital information system and follow up questionnaires. Clinical
data on pre-existing medical conditions (e.g., neurological disease, hypertension, diabetes
mellitus, cerebrovascular events, and peripheral artery disease), EuroSCORE (30), duration
of the surgical procedure, type of surgery, length of ICU stay, ICU readmission, prolonged
mechanical ventilation, and postoperative corticosteroid use were obtained from prospectively
recorded data of the DECS trial database (20). Furthermore, self-reported information
regarding pre-existing (i.e., prior to cardiac surgery) and postoperative psychiatric conditions
within 1.5 years after cardiac surgery (i.e., the presence of depression, bipolar disorder, and
anxiety disorder before cardiac surgery up until the primary and secondary outcomes were
measured postoperatively) was obtained by means of a custom made questionnaire. By
means of this questionnaire, the presence of depression, bipolar disorder or anxiety disorders
(‘Do you have any of the psychiatric disorders listed below: depression, bipolar disorder or
anxiety disorders?’) was assessed. Patients could answer ‘yes’ or ‘no’, and state whether the
answer was applicable to the pre-operative or post-operative period. The aforementioned
demographic characteristics and clinical data were obtained at the time of cardiac surgery.
Statistical analysis
Based on previous studies, we anticipated a prevalence of PTSD in the placebo group of 15%.
A decrease from 15% to 10% in the dexamethasone group was considered to be clinically
relevant. In order to detect such a difference with a power of 80% and a significance level of
0.05, the required sample size was 678 patients in each group.
Socio-demographic and clinical characteristics in both groups were evaluated using
frequency distributions. Missing values occurred in both baseline characteristics and outcome
variables in 0% to 9.9% of the cases and were accounted for using multiple imputation. The
imputation model contained independent and dependent variables and ten imputed datasets
were created; analyses were conducted in each of these datasets and results were pooled
according to Rubin’s rule (31).
Analyses were conducted on an intention-to-treat basis. For PTSD and depression,
the proportions of patients with the outcome were compared between randomization
groups (dexamethasone versus placebo) using the Pearson’s χ2 test. MCS and PCS were not
normally distributed and compared between randomization groups using the Mann-Whitney
U test. Also, both SRIP and BDI-II scores were not normally distributed and Spearman rank
correlation was used to assess the correlation between PTSD, depression, and HRQL. The
Kruskal-Wallis test was performed and boxplots were made to assess the potential influence of
follow up time and compare continuous SRIP and BDI-II scores of patients in four different
follow up time groups (i.e., 1.5, 2.5, 3.5, and 4 years after cardiac surgery).
In addition, subgroup analyses were carried out. Since confounding by age and
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gender cannot be ruled out when assessing psychiatric disorders, symptoms of PTSD and
depression were assessed separately for both sexes and in three different age groups (<65,
65-74, and ≥75 years). Logistic regression, yielding odds ratios (OR) with 95% confidence
intervals (CI), was used to adjust for potential confounders: age, intoxications, and pre-existing
psychopathology. Median time to follow up was compared between the dexamethasone and
placebo groups. Sensitivity analyses were conducted by repeating the analyses using complete
cases (i.e., the non-imputed dataset) only. Furthermore, deceased patients were all assigned to
have either symptoms above the cutoff score for PTSD or depression, in both randomization
groups. IBM SPSS version 20 (SPSS Inc., Chicago, Ill) was used throughout. A significance
level of α=0.05 was applied.

122 |

CHAPTER 3

RESULTS
Study participants
Additional written informed consent for this follow up study was obtained from 1244
participants of the original DECS trial. The majority of patients (n=1125; 90.4%) who
signed informed consent, completed the questionnaires. Of the patients who filled out the
questionnaires, 561 had received dexamethasone and 564 received placebo during surgery
(see Figure 1 for a study enrolment flow diagram).
Demographic, preoperative, surgical and ICU-related characteristics were
comparable between the dexamethasone and placebo groups (Table 1). Median follow up
time in months did not differ between the dexamethasone (33, inter quartile range [IQR]
26-43) and the placebo (34, IQR 26-43) group (p=0.33). Continuous SRIP and BDI-II scores
were comparable throughout the follow up time period and no significant differences between
different follow up time groups were found (p-value SRIP score: 0.30; p-value BDI-II score:
0.44; Supplemental Digital Content 2). Furthermore, symptoms of psychopathology (i.e.,
depression, bipolar disorder, and anxiety disorder) occurred in 5.0% of patients in the first
1.5 years of the postoperative period (i.e., before SRIP and BDI-II questionnaires were filled
out) and no significant difference was found between the dexamethasone and placebo groups.
Baseline characteristics of the multiple imputation dataset and the original dataset were
comparable.
Outcomes
Above threshold PTSD symptoms were present in 118 (10.5%) patients. In the
dexamethasone group, PTSD occurred in 52 (9.3%) patients and in the placebo group in
66 (11.7%) patients (crude OR 0.82, 95%CI 0.55-1.20, p=0.30; Table 2). Above threshold
depressive symptoms were present in 147 (13.1%) patients; 69 (12.3%) patients in the
dexamethasone group and in 78 (13.8%) patients in the placebo group (crude OR 0.92,
95%CI 0.64-1.31, p=0.63; Table 2). No differences in prevalence of PTSD and depression
were found between patients of the five individual participating centers. After adjusting for
potential confounders (i.e., age, substance use, and pre-existing psychopathology), the findings
did not change for PTSD (adjusted OR 0.82, 95%CI 0.55-1.21, p=0.32) and depression
(adjusted OR 0.92, 0.64-1.32, p=0.65).
Subgroup analysis revealed a lower prevalence of both PTSD (crude OR 0.23, 95%CI 0.070.72, p=0.008) and depression (crude OR 0.29, 95%CI 0.11-0.77, p=0.005) in the subgroup
of female patients after dexamethasone treatment compared to placebo. This was not the
case with regard to the subgroup of male patients (PTSD: crude OR 0.93, 95%CI 0.56-1.49,
p=0.76; depression: crude OR 1.20, 95%CI 0.81-1.79, p=0.36). Dexamethasone treatment
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did not affect prevalence of PTSD and depression for the three age groups (<64, 65-74, and
≥75 years; Table 2).
In 186 (16.5%) patients, psychopathology (i.e., self-reported symptoms of current
PTSD and/or depression according to established cutoff scores, or both) was present. Of the
total sample, 79 (7.0%) participants experienced both PTSD and depression. In 66.9% of
patients with PTSD, depression coexisted; in 53.7% of patients with depression also showed
above threshold symptoms of PTSD. There was no significant difference observed in the
occurrence of comorbid PTSD and depression between the dexamethasone (35 patients;
6.2%) and the placebo group (35 patients, 6.2% and 44 patients, 7.8%, respectively; p=.35).
The mental component summary score (MCS) of the SF-36 questionnaire did not
differ significantly between dexamethasone (Mdn=55.99; IQR 50.85-58.91) and placebo
(Mdn=55.68; 50.76-58.81) groups (Z=0.626, p=.53). Also, no significant difference was
found between the SF-36 physical component summary score (PCS) in the dexamethasone
(Mdn=48.87) and placebo (Mdn=48.64) groups (Z=0.633, p=.53). Furthermore, there was
no significant correlation between SF-36 and SRIP scores (MCS: rs=.028, p=.36 and PCS:
rs=-.015, p=.62) or BDI-II scores (MCS: rs=-.027, p=.38 and PCS: rs=-.033, p=.29). The
distribution of the median mental and physical summary scores was comparable across all
participating centers. Complete case analysis did not alter these results.
Sensitivity analyses where deceased patients in both randomization groups were
assigned to either have PTSD or depression, and complete case analysis yielded similar
results.
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DISCUSSION
This follow up study investigated whether a high dose of intraoperative dexamethasone affects
the prevalence of above threshold symptoms of PTSD and depression in patients undergoing
cardiac surgery and subsequent, relatively short ICU treatment. Overall, no beneficial or
detrimental effects of dexamethasone on these outcomes were observed up to four years after
cardiac surgery. A potential protective effect of dexamethasone on PTSD and depression was
found in the subgroup of female patients.
In accordance with our findings, PTSD and depression are frequently reported to
be comorbid in ICU patients (32). However, previous studies describe varying and higher
prevalence rates of both PTSD (13.4% to 18.8%) and depression (23% to 32%) (3, 5, 6, 7,
12). These studies mostly assessed smaller patient samples within one year after ICU stay,
which could partially explain this discrepancy between findings. In addition, we assessed
a rather homogenous group of patients scheduled for elective cardiac surgery. Since these
patients are relatively fit and often only admitted to the ICU overnight, their a priori risk for
psychopathology might be lower compared to other (e.g., general) ICU patients.
In our patient sample, the occurrence of PTSD and depression was not affected
by dexamethasone administration and prevalence rates of these psychiatric conditions were
comparable to the general elderly Dutch population (33, 34). In contrast to our findings,
previous studies found a protective effect of glucocorticoids in cardiac surgery patients
(15, 16). In these previous studies, hydrocortisone instead of dexamethasone was used and
protocols were designed to approximate endocrine cortisol levels produced by the adrenal
glands under maximal stimulation. Moreover, hydrocortisone was administered repeatedly
over successive days during ICU treatment. These differences in study design may have
contributed to the observed differences in study outcome. Moreover, the pharmacological
profiles of hydrocortisone and dexamethasone are not similar. Dexamethasone has low
affinity for the mineralocorticoid receptor (MR), which is particularly involved in the appraisal
of novel conditions, flexibility of behavior, and the vulnerability to affective disorders (35).
Hydrocortisone has a higher MR affinity than dexamethasone which could have resulted in
a more pronounced ameliorating effect on the prevalence of PTSD and depression. Lastly,
in contrast to hydrocortisone, dexamethasone does not easily cross the blood-brain barrier
since it is actively pumped out by the mdr 1A P-glycoprotein(36-38). Although a high dose of
dexamethasone was administered in our study, it remains unclear to what extent this played a
role.
Interestingly, we did find a significant protective effect of dexamethasone when
studying female patients. In comparison to men, women are more vulnerable to HPA-axis
disturbances and twice as likely to suffer from PTSD and depression (18, 39-41). They show
higher basal cortisol concentrations and a reduced degree of cortisol suppression in response
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to dexamethasone administration, which is directly related to the severity of depressive
symptoms (42). Several explanations can be proposed for sex differences in glucocorticoid
actions including differential inhibition of pro-inflammatory cytokines (e.g., interferon-γ, IL2, IL-6, IL-1, and TNF-α) and the influence of gonadal hormones on the HPA-axis response
to stress (43).
Clinical treatment with glucocorticoids -especially bouts of high-dose administrationshas been linked to the occurrence of serious neuropsychiatric outcomes (e.g., depression,
mania, and panic disorder). It is therefore worth noting that we did not find any negative
effect of a single, high dose of dexamethasone in the present study (18).
In contrast to findings of previous studies and our expectations, health-related quality
of life was above average and not associated with the occurrence of PTSD or depression after
cardiac surgery and ICU treatment (2). This suggests that the long-term benefits of cardiac
surgery possibly outweigh the negative effects caused by PTSD and depression.
Our study has several strengths. The sample size exceeds that of most studies that
addressed ICU-related PTSD and depression earlier (44, 45). To our knowledge, this is the
first large study within a randomized framework where intervention with a glucocorticoid
and time of the traumatic event coincided. Prospective collection of data through validated
measurement techniques was thorough.
Besides these strengths, several limitations exist as well. First, questionnaires were used
to assess symptoms of PTSD and depression. DSM-based interviews to diagnose PTSD and
depression were, although preferable, not feasible due to the large sample size. Furthermore,
depression, bipolar disorder, and anxiety disorder which occurred in the early postoperative
period before the SRIP, BDI-II and SF-36 questionnaires were completed, were assessed only
by basic questions addressing presence of related symptoms. These symptoms only occurred
in 1.5% of the study sample, making it unlikely to have had a major effect on our findings.
However, under-diagnosis and under-reporting are likely to have occurred. Furthermore, a
certain degree of recall bias cannot be ruled out due to the retrospective study design. Also,
filling out an extensive set of questionnaires might have led to overrepresentation or could
have led to non-response in this elderly population. This particularly concerns PTSD, since
it was not - in contrast to depression and bipolar disorder- mentioned specifically in the selfreport questionnaire. It is however, covered by the term ‘anxiety disorders’ in accordance
with DSM-IV-TR criteria, albeit possibly not explicit to all participants. Despite this potential
ambiguity, based on the randomized nature of our study design and large sample size, it can
be expected that the occurrence of pre-existing disorders was balanced. Table 1 indicates that
there was no major difference in psychopathology at baseline between the groups, although
we are aware that a self-report questionnaire to detect psychiatric disorders at baseline is
inferior to conducting standardized psychiatric interviews. The retention rate of this study
was comparable to other large observational studies (46, 47). Nevertheless, the total number
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of patients included in our study was slightly lower than anticipated. Despite this, we have no
reason to assume that this affected the overall conclusions, neither with respect to the primary
outcome (p-values are unlikely to reach statistical significance with a slightly larger sample
size) nor with the significant findings in the female patient subgroup. Secondly, assessment at
baseline was limited, which leaves a degree of uncertainty with regard to the measurement of
new onset psychopathology. In addition, more data concerning other variables which possibly
affect psychiatric outcome and HRQL (e.g., type and intensity of sedation and analgesia,
inflammatory markers) was not available. It is conceivable that the lower prevalence of PTSD
and depression in female patients receiving dexamethasone was mediated by the analgesic
effects of the drug. Unfortunately, we were unable to retrospectively assess the extent to which
sedatives, analgesics or the anti-inflammatory and analgesic properties of dexamethasone
itself affect the occurrence of psychopathology (48). It is therefore difficult to define the
contribution of cardiac surgery and ICU treatment, and the dexamethasone intervention to
the development of psychopathology. Lastly, inflation of results due to multiple testing might
have occurred. No correction for multiple comparisons was performed in this explorative
study. The protective effects of dexamethasone in female patients should therefore be viewed
as hypothesis generating and need further confirmation in future studies.
Future directions
The findings of this study suggest that gender differences should be taken into account when
investigating the long-term psychiatric consequences of cardiac surgery and ICU stay. The
observed protective effect of dexamethasone in female patients requires further exploration
in a prospective study. Moreover, future studies describing large samples of ICU patients
other than cardiac surgery patients would add complementary information to the field. A
prospective study design and adequate collection of baseline data (e.g., detailed psychiatric
evaluation and exposure to stressful events) combined with measures of structural and
functional changes in the brain (e.g., hippocampal volume and endogenous glucocorticoid
levels) might place the impact of pharmacological interventions on the development of mood
and anxiety disorders in better context (49-51). Lastly, to further elucidate the underlying
mechanisms of such interventions, assessment of the effect of steroids with different properties
(e.g., hydrocortisone) would be valuable.
Conclusions
Overall, our findings suggest that exogenous administration of the GR agonist dexamethasone
-compared to placebo- during cardiac surgery does not positively or negatively affect the
prevalence of PTSD and depression. In female patients a beneficial effect on the occurrence
of PTSD and depression may be present, warranting future investigation.
T h e e ffect o f d exam ethasone on sym ptom s of post- tr aum ati c s tr es s di s or der and depr es s i on after c ar di ac
surge ry an d i ntensive car e adm ission: longitudinal follow up of a r andom i z ed c ontr ol l ed tr i al

| 127

3

128 |

CHAPTER 3

ROLE OF THE FUNDING
SOURCE
The authors declare no conflict of interest. Funding
for this follow up study was provided by a personal
grant from the Dutch Foundation for Mental Health
(Fonds Psychische Gezondheid, project 201126672,
Postoperative psychopathology after cardiac surgery:
Effects of dexamethasone and relation with corticosteroid
receptor SNPs) to MHJ Hillegers. The DECS trial itself
was supported by grants 80-82310-98-08607 from the
Netherlands Organization for Health Research and
Development (ZonMw) and 2007B125 from the Dutch
Heart Foundation.

ACKNOWLEDGEMENTS
The authors gratefully acknowledge the time and
effort of the centers that participated in this study.
We thank Cor Kalkman, Sandra Numan and
Wietze Pasma for their valuable input and help
with organizational, administrative, and technical
challenges.

T h e e ffect o f d exam ethasone on sym ptom s of post- tr aum ati c s tr es s di s or der and depr es s i on after c ar di ac
surge ry an d i ntensive car e adm ission: longitudinal follow up of a r andom i z ed c ontr ol l ed tr i al

| 129

3

Table 1. Demographic and clinical characteristics of patients in the dexamethasone groupa
DEXAMETHASONE (N = 561)

PLACEBO
(N = 564)

P VALUEB,C

Age, median (IQR), y

68.4 (62.2-75.9)

69.6 (63.4-76.2)

0.51

Male sex

435 (77.5)

443 (78.5)

0.68

Height, median (IQR), cm

176 (170-182)

175 (170-180)

0.32

Weight, median (IQR), kg

80 (72-91)

82 (73-92)

0.45

Low level of education

302 (53.9)

315 (55.9)

0.50

Smoking

51 (9.1)

54 (9.6)

0.78

Alcohol

442 (78.8)

435 (77.1)

0.50

Substance use

4 (0.7)

1 (0.2)

0.18

INTOXICATIONS

PRE-EXISTING MEDICAL CONDITIONS
Alzheimer’s disease

1 (0.2)

4 (0.7)

0.21

Cancer

20 (3.6)

33 (5.9)

0.16

COPD

52 (9.3)

64 (11.3)

0.25

Hypertension

194 (34.6)

188 (33.3)

0.91

Insulin dependent

17 (3.0)

25 (4.4)

0.08

Non-insulin dependent

54 (9.6)

73 (12.9)

0.08

Stroke

21 (3.7)

16 (2.8)

0.65

Transient ischemic attack

22 (3.9)

20 (3.5)

0.65

Parkinson’s disease

1 (0.2)

2 (0.4)

0.35

Peripheral artery disease

33 (5.9)

50 (8.9)

0.06

DIABETES MELLITUS

CEREBROVASCULAR EVENTS

Continued on next page
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Table 1 Continued from previous page

PRE-EXISTING PSYCHIATRIC CONDITIONS
Depression

12 (2.1)

10 (1.8)

0.25

Bipolar disorder

4 (0.7)

2 (0.4)

0.43

Anxiety disorder

11 (2.0)

7 (1.3)

0.54

EuroSCORE, median (IQR)

4 (3-6)

4 (2-6)

0.79

Duration of surgical procedure,
median (IQR), min

214 (178-262)

215 (181-275)

0.15

TYPE OF SURGERY

3

0.28

Isolated CABG

217 (38.7)

229 (40.6)

CABG plus valve

87 (15.5)

82 (14.5)

Single valve

123 (21.9)

136 (24.1)

Multiple valves

8 (1.4)

14 (2.5)

Other

126 (22.5)

103 (18.3)

ICU LOS, median (IQR), h

21 (18-23)

22 (19-24)

0.08

First ICU admission

460 (82.0)

450 (79.8)

0.35

Prolonged mechanical ventilation
(>48h)

8 (1.4)

12 (2.1)

0.37

Postoperative corticosteroid use

36 (6.4)

52 (9.2)

0.10

Abbreviations: EuroSCORE, European System for Cardiac Operative Risk Evaluation; COPD, chronic obstructive pulmonary disease; ICU,
intensive care unit; IQR, interquartile range; ICU LOS, intensive care unit length of stay.
a

Data shown as number (%) unless stated otherwise.

b

P values obtained by conducting Pearson’s χ2 and Mann-Whitney U tests.

c

A significance level of α=0.006 was applied.
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26 (12.7)

11 (6.1)

65-74

≥75

4 (3.2)

Female

Data shown as number (%).

P values obtained by conducting Pearson’s χ2 test.

a

b

Abbreviations: PTSD, post-traumatic stress disorder.

48 (11.0)

Male

Sex

15 (8.5)

52 (9.3)

<65

Age

SUBGROUPS

Total sample

Dexamethasone

16 (13.2)

50 (11.3)

17 (9.1)

26 (13.0)

23 (12.9)

66 (11.7)

Placebo

PTSD

0.004

0.92

0.33

1.00

0.23

0.30

P valueb

Table 2. Psychopathology after cardiac surgery and intensive care unit staya

6 (4.8)

63 (14.5)

21 (11.7)

28 (13.7)

20 (11.3)

69 (12.3)

Dexamethasone

20 (16.5)

58 (13.1)

22 (11.8)

33 (16.5)

23 (12.9)

78 (13.8)

Placebo

DEPRESSION

0.003

0.56

1.00

0.49

0.75

0.63

P valueb

Figure 1: study enrolment flow diagram
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SRIP, Self-Report Inventory for PTSD; BDI-II, Beck Depression Inventory Revised
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ABSTRACT
Background
Post-traumatic stress disorder (PTSD) and depression are common after cardiac surgery.
Lifetime stress exposure and personality traits may influence the development of these
psychiatric conditions.
Methods
Self-reported rates of PTSD and depression and potential determinants (i.e., trait anxiety
and stress exposure) were established 1.5 to 4 years after cardiac surgery. Data was available
for 1125 out of 1244 (90.4%) participants. Multivariable linear regressions were conducted to
investigate mediating and/or moderating effects of trait anxiety on the relationship between
stress exposure, and PTSD and depression. Pre-planned subgroup analyses were performed
for both sexes.
Results
PTSD and depression symptoms were present in 10.2% and 13.1% of the participants,
respectively. Trait anxiety was a full mediator of the association between stress exposure and
depression in both the total cohort and female and male subgroups. Moreover, trait anxiety
partially mediated the relationship between stress exposure and PTSD in the full cohort and
the male subgroup, whereas trait anxiety fully mediated this relationship in female patients.
Trait anxiety did not play a moderating role in the total patient sample, nor after stratification
on gender.
Limitations
The unequal distribution of male (78%) and female patients (22%) might limit the
generalizability of our findings. Furthermore, risk factors were investigated retrospectively
and with variable follow-up time.
Conclusions
In cardiac surgery patients, trait anxiety was found to be an important mediator of
postoperative PTSD and depression. Prospective research is necessary to verify whether these
factors are reliable screening measures of individuals’ vulnerability for psychopathology
development after cardiac surgery.
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INTRODUCTION
Patients undergoing cardiac surgery are at high risk of developing post-traumatic stress
disorder (PTSD) and depression. These problems occur in up to 15% and 20% of the
patients, respectively (1,2), and may hamper full recovery (3-5).
Stress exposure during life may alter hypothalamic-pituitary-adrenal (HPA) axis
responses when encountering novel stressful situations (6,7). Furthermore, stress exposure
during childhood has long-term consequences on the ability to cope with stressors later in life
(8). The influence of lifetime stress exposure on the development of psychopathology (i.e.,
PTSD and depression) in cardiac surgery patients is currently unknown.
The impact of lifetime stress on an individual depends partially on personality traits,
such as anxiety (9-14). High trait anxiety is common among cardiac patients and associated
with core symptoms of PTSD (15-17). We hypothesized that the relation between lifetime
stress exposure and psychopathology is mediated or moderated by the individual variation in
trait anxiety. Identifying a mediating effect would imply trait anxiety to be a key factor in the
causal pathway of lifetime stress exposure to psychopathology, and thus potentially amenable
for interventions. A moderating role of trait anxiety would provide a more precise estimate
of individual vulnerability to psychopathology after lifetime stress exposure and thereby
contribute to our understanding of disease etiology (18).
The aim of this study was to investigate the mediating and/or moderating effect of
trait anxiety on the relationship between childhood trauma and stressful life events on the
one hand, and the post-operative development of PTSD and depression in cardiac surgery
patients on the other hand.

MATERIALS AND METHODS
Patients
Patients of 18 years and older who were scheduled for cardiac surgery requiring
cardiopulmonary bypass were eligible to participate in the Dexamethasone for Cardiac Surgery
(DECS) study (Clinicaltrials.gov identifier: NCT00293592). DECS study participants were
randomized to receive dexamethasone or placebo (1mg/kg bodyweight) intravenously during
surgery in a double-blind way. Details of the study design have been published previously (19).
For the present study, patients who participated in the DECS study a maximum of 3.5 years
ago were recruited from the five cardiac surgery centers which yielded approximately 90% of
the original DECS study sample: University Medical Center Utrecht, Isala Clinics, Amphia
Hospital, University Medical Center Groningen, and Erasmus Medical Center. Participants
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(n=2458) were assessed for eligibility between April 2006 and November 2011. Exclusion
criteria were derived from the DECS study, and encompassed a life expectancy of 6 months
or less, or an off-pump cardiac surgery procedure. There were no additional exclusion criteria
for the present follow-up study. Time between cardiac surgery and the current assessment of
lifetime and present psychopathology and postoperative psychopathology varied from 1.5 to
4 years.
Data collection
Participants received questionnaires by mail and a reminder by telephone, in order to increase
the response rate. After obtaining written informed consent for the current study (n=1244;
50.6% of the eligible participants of the DECS study sample), 1125 (90.4%) patients returned
questionnaires (Figure 1). All questionnaires were scanned at once, and correspondence of
digitized scores with the paper questionnaires was checked (in 5% of randomly selected
participants). The Medical Ethics Committee of the University Medical Center Utrecht
approved this study.
PTSD and depression
Symptoms related to PTSD were measured by the Self-Report Inventory for PTSD (SRIP),
which was previously well validated (20,21) though not specifically after ICU treatment.
The SRIP is a 22 item questionnaire which addresses DSM-IV-TR criteria of PTSD in the
past four weeks (22). It is rated on a 4-point (0-3) Likert scale, with higher scores indicating
the presence of more symptoms. A literature-based cut-off score of 39 (sensitivity=0.74,
specificity=0.81) was used to detect if above threshold symptoms of PTSD (for clarity, further
referred to as PTSD) were present (23,24). Internal consistency is good with Cronbach’s alpha
scores ranging between 0.90 and 0.94; average test-retest reliability is 0.69 (22).
Depressive symptoms in the past week were measured conform DSM-IV-TR
criteria by the 21-item Beck Depression Inventory – Revised (BDI-II) (Beck et al. 1996).
Each item scores on a scale from 0-3 and higher scores represent more severe symptoms.
Depression was defined as the presence of above threshold symptoms (i.e., a cut-off score of
13.5; sensitivity=0.81, specificity=0.92) (26). Cronbach’s alpha and test-retest reliability were
0.93 (Beck et al. 1996).
Stress exposure and trait anxiety
The Childhood Trauma Questionnaire (CTQ) addresses five dimensions of trauma (i.e.,
physical abuse, emotional abuse, sexual abuse, physical neglect, and emotional neglect)
during childhood and adolescence (28). It consists of 28 items, scored on a 5-point Likert
scale. Dimension scores add up to yield a total score of 0 to 125. Higher scores indicate a
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higher level of childhood trauma. Test-retest reliability is 0.79-0.86, and median internal
consistency reliability coefficients range from 0.66 to 0.92 (29).
The exposure to life events before cardiac surgery was measured using the Life
Stressor Checklist Revised (LSC-R). This questionnaire consists of 30 items and one point is
assigned to every affirmative answer. This yields an overall life stressor score, ranging from 0 to
30 with higher scores representing exposure to more life events. Average test-retest reliability
is 0.70 (30).
A comprehensive assessment of stressful experiences during life is more informative
with respect to an individual’s vulnerability for psychopathology than focusing on a single
stress domain (Vinkers et al. 2014). Therefore, z-scores of CTQ and LSC-R outcomes were
used to calculate a stress exposure score (9).
Trait anxiety was assessed using the State-Trait Anxiety Inventory Trait scale
(STAI-T) (31). This 20-item questionnaire addresses individual differences in intensified state
anxiety as reaction to potential threatening events (32). It uses a 4-point Likert scale and yields
a sum-score between 20 and 80, where higher scores indicate higher trait anxiety. Cronbach’s
alpha ranges from 0.73 to 0.97 and the average test-retest reliability ranges between 0.73 and
0.86 (31,32). High trait anxiety was defined in this study as a STAI-T score of 39 or higher
(31).
Other variables of interest
The demographic characteristics age, sex, height, weight, level of education, and substance
use were collected through the electronic hospital information system and follow-up
questionnaires. These questionnaires also yielded retrospective information about coexisting
psychiatric conditions (i.e., depression, anxiety disorder, and bipolar disorder) before surgery
until 1.5 to 4 years post-operatively. Information about coexisting medical conditions were
previously reported elsewhere (33). The DECS trial database contained data with regard to
EuroSCORE (indicating the risk of perioperative mortality) (34), length of ICU stay, first
ICU admission, and prolonged mechanical ventilation (19).
Statistical analysis
Relevant socio-demographic and clinical characteristics were analyzed by using descriptive
statistics. Missing values occurred in 274 cases (24.4%), of which 58 missing outcome variables
(5.2%; 12 for PTSD and 46 for depression). With regard to baseline variables, missing values
ranged from 0.0% (age, sex, ICU length of stay, depression, anxiety, and bipolar disorder) to
1.9% (level of education). Since biased inferences could result from conducting complete cases
analysis only, multiple imputation was conducted using both independent and dependent
variables. Analyses were conducted in ten imputed datasets and results were pooled according
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to Rubin’s rule (35-38).
We applied multivariable linear regression to quantify the possible association
between stress exposure, and postoperative PTSD and depression. All potential important
factors were assessed with regard to relevance, possible clinical implications, and accuracy of
measurement. Power analysis conceded a maximum of six factors (i.e. age, sex, randomization
variable, pre-existing psychopathology, stress exposure, and trait anxiety) that could be
added to the regression model. To assess the role of trait anxiety, moderating and mediating
analyses were conducted (39,40). The independent and potential mediating/moderating
determinants were centred by subtracting the sample means from each participant’s values,
to obtain z-scores (41). Spearman rank correlation was used to assess univariate associations
between all determinants. Significant associations are a precondition for a test of mediation
(42). To investigate the potential mediating effect of trait anxiety, a priori defined hierarchical
regression was conducted on continuous SRIP and BDI-II scores. Age, gender, preexisting psychopathology, and dexamethasone intervention (i.e., whether a patient received
dexamethasone or placebo) were potential confounders and entered in step 1, stress exposure
was regressed on step 2, and trait anxiety on step 3. Reduction of the β-value for the stress
exposure variable from significance to non-significance in step 3 demonstrates full mediation
(43). Partial mediation by trait anxiety is present when the β-value is reduced, but not to nonsignificance (43). To test the possible moderating effect of trait anxiety, the aforementioned
potential confounders were entered in the first block, and stress exposure and trait anxiety in
the second block. In the third block an interaction term -created by multiplying the centred
stress exposure and moderator variables- was regressed. Regression lines were plotted when
the main effect of this interaction term was significant. A moderating effect is present when
the intercepts and slopes show change in the expected direction for regression equations with
low and high values of trait anxiety.
Pre-planned subgroup analyses were carried out for both sexes. Complete case
analysis was performed as a sensitivity analysis. A significance level of α=0.05 was applied
and IBM SPSS version 20 (SPSS Inc., Chicago, Ill) was used.
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RESULTS
Sample characteristics
Preoperative, surgical, and ICU-related baseline characteristics are listed in Table 1.
According to the established cut-off scores, symptoms of PTSD and depression were present
in respectively 10.2% and 13.1% of the study sample. High trait anxiety was present in 183
(16.3%) patients, of which 120 (65.6%) patients showed psychopathology.
Mediating effect on trait anxiety on psychopathology
Preconditions for a test of mediation were met. Medians, interquartile ranges, and Spearman
rank correlation coefficients are listed in Table 2.
After addition of trait anxiety to the model, partial mediation on the relation
between stress exposure and PTSD was found (β reduction from 0.325 to 0.068 and p<0.001
to p=0.003; Figure 2a; Table 3). Trait anxiety fully mediated the effect between stress exposure
and depression (β reduction from 0.282 to 0.015 and p<0.001 to p=0.507; Figure 2a; Table 4).
Subgroup analysis indicated trait anxiety to be a partial mediator of the effect between stress
exposure and PTSD in male patients (n=878; Supplemental Table 1), whereas full mediation
was found in female patients (n=247; Supplemental Table 2). With regard to the relationship
between stress exposure and depression, full mediation by trait anxiety was observed in both
male and female patient subgroups (Supplemental Tables 3 and 4, respectively). Complete
case analyses yielded comparable results.
Moderating effect on trait anxiety on psychopathology
Assessment of the moderating effect of trait anxiety on the relationship between stress
exposure and PTSD showed a significant main effect for the interaction term [trait anxiety
x stress exposure] (β= 0.051; p=0.038). The intercepts and slopes for the high and low trait
anxiety groups did not differ and did not change in the predicted direction (Figure 3). For
depression, no moderating effect of trait anxiety was found on the association between stress
exposure and depression; the effect of the interaction term was non-significant (β= 0.008;
p=0.754). Furthermore, stratified analysis for sex showed no moderating effect of trait anxiety
on the relation between stress exposure, and PTSD and depression in male patients (β= 0.047;
p=0.098 and β= 0.011; p=0.694, respectively), nor in female patients (β= 0.092; p=0.061
and β= 0.015; p=0.747, respectively). Complete case analyses yielded comparable results.
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DISCUSSION
This study is one of the largest observational studies evaluating PTSD and depression after
cardiac surgery. We aimed to investigate the effect of trait anxiety on the relationship between
childhood trauma and stressful life events, and the development of PTSD and depression.
Trait anxiety and stress exposure during life emerged as important risk factors for
the development of psychopathology. More specifically, trait anxiety was found to mediate
the impact of stress exposure during life on the risk to develop PTSD and depression. These
findings might have clinical implications for the early identification of individuals at risk after
cardiac surgery.
Stress exposure during life and vulnerability to psychopathology
During childhood, the neuronal system is particularly susceptible to environmental inputs,
which can lead to functional and epigenetic modifications (44). Moreover, it affects fear
response circuits and leads to long-lasting alteration in psychophysiological reactivity (8).
Hence, the ability to cope with stressors later in life is hampered and associations with
depression and PTSD are often found (8,45).
In cardiac surgery patients, psychiatric morbidity is common and an increase of both
symptom frequency and severity with regard to PTSD and depression is often reported after
discharge (45,46). Vice-versa, the pathophysiologic progression of cardiovascular disease is
influenced by the presence of depression: depressed patients have an increased risk for future
cardiac events and mortality (45,47). Furthermore, the presence of depressive symptoms
negatively influences compliance with medical therapy and rehabilitation (47). Therefore,
early recognition of psychopathology and effective treatment is crucial for recovery.
Trait anxiety and coping with stress
In line with previous studies (15,17,43), we found trait anxiety to be the strongest determinant
for PTSD and depression. People with high trait anxiety have a tendency to perceive stressful
situations as dangerous or threatening (11). It has been shown that these individuals have a
more sensitive autonomic system and their arousal levels take longer to return to baseline
(12,17). This indicates that trait anxiety affects the way in which patients are able to process and
cope with stressful events, ultimately affecting their mental health (12,17). The hypothetical
role of high trait anxiety as vulnerability factor for developing psychopathology is depicted in
Figure 2b.We further explored the role of these affective-cognitive responses (48) and found
trait anxiety to have a partial mediating effect on PTSD, whereas full mediation was seen with
regard to depression. This difference might be due to the fact that an exposure to a stressful
event is inherent to PTSD, which is not the case for depression (49).
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Post-hoc subgroup analyses did not yield different results between male and female patients,
except for the mediating effect of trait anxiety with regard to PTSD. Since our cohort
consisted predominantly of male patients, these observed effects in the total sample could
be driven by the male subgroup. Since gender differences are not uncommon in anxiety and
mood disorders (50-52), future studies with a prospective design and a more equal female/
male distribution are necessary to elaborate on our preliminary findings.
Strengths and limitations
This study has several important strengths. We studied potential risk factors for the
development of psychopathology in a large cohort of homogeneous cardiac surgery patients.
The short validated questionnaires hold potential for use as screening instruments in a clinical
setting. The long-term follow up period of 1.5 until 4 years after surgery adds important
information to the existing literature, which predominantly describes psychopathology within
1 year after discharge. Furthermore, it was previously shown that there were no differences in
the occurrence of PTSD and depressive symptoms throughout this variable follow-up time
period (33).
However, the study data should be interpreted with the following limitations in mind.
First, the study population included more male (78%) than female patients (22%) which is
typical for a cardiac surgery cohort (53) but might limit the generalizability of our findings.
Second, the presence of PTSD and depressive symptoms is based on validated questionnaires
by mail instead of a diagnostic interview (22,23 Beck et al. 1996). Therefore, our outcome
measurements merely give an indication of the presence of PTSD and depression symptoms.
Moreover, this cohort only allowed us to investigate risk factors retrospectively and with
variable follow-up time. Although no significant differences were found with regard to
follow-up time, this makes our results more difficult to interpret. In theory, trait anxiety and
childhood trauma scores should be similar whether tested prior to or after surgery since these
are considered to remain relatively stable over time (12). However, in previous literature an
association between childhood trauma scores and psychopathology is more frequently found
in retrospective studies in comparison to prospective studies (54). Therefore, a certain degree
of recall bias cannot be ruled out. Lastly, a selection bias based on higher rates of cognitive
impairment or mental health problems in the non-responders cannot not be ruled out, since
information about pre- and postoperative cognitive functioning or psychopathology (i.e. up
to 1.5 years postoperatively) was not assessed.
Conclusions and clinical implications
We found trait anxiety to be a potent mediator of the relation between stress exposure, and
the development of PTSD and depression after cardiac surgery. Screening on trait anxiety
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might provide quickly available and valuable information and identify those most in need for
psychological monitoring after discharge.
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Table 1. Demographic and clinical characteristicsa
Age, median (IQR), y

69.6 (63.0-76.1)

Male sex

878 (78.0)

Height, median (IQR), cm

175 (170-181)

Weight, median (IQR), kg

82 (73-92)

Level of education
   No education/elementary school

224 (19.9)

   Lower vocational education

395 (35.1)

   Higher vocational education

433 (38.5)

   University

73 (6.5)

Intoxications
   Smoking

105 (9.3)

   Alcohol

876 (77.9)

   Substance use

5 (0.4)

Lifetime and present psychopathologyb
   Depression

22 (2.0)c/ 26 (2.3)d

   Anxiety disorder

18 (1.6)c/ 29 (2.6)d

   Bipolar disorder

6 (0.5)c/ 1 (0.1)d

EuroSCOREe, median (IQR)

4 (3-6)

ICU LOS, median (IQR), h

21 (19-24)

First ICU admission

911 (81.0)

Prolonged mechanical ventilation (>48h)

20 (1.8)

Abbreviations: EuroSCORE, European System for Cardiac
Operative Risk Evaluation; COPD, chronic obstructive pulmonary
disease; ICU, intensive care unit; IQR, interquartile range; LOS,
length of stay.
* p <0.05.
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Data shown as number (%) unless stated otherwise.
Inventory by self-report questionnaire.
Psychiatric conditions before surgery.
d
Psychiatric conditions up until 1.5 years post-operatively.
e
Higher scores represent increased perioperative mortality risk.
a
b
c

3.0 (2.0 – 4.0)a

-2.5 (-5.5 – 2.5)b

28.0 (24.0 – 36.0)

26.0 (23.0 – 31.0)

5.0 (2.0 – 9.0)

2. LSC-R

3. STRESS
EXPOSURE

4. STAI-T

5. SRIP

6. BDI-II

-

.077*

2. LSC-R

-

.365**

.948**

3. STRESS
EXPOSURE

-

.340**

.147**

.335**

4. STAI-T
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b

a

scores centered by subtracting the sample means from each participant’s values
Centered variable composed by adding up centered CTQ and LSC-R scores.

** p < 0.01

* p < 0.05

Abbreviations: BDI-II, Beck Depression Inventory-Revised; CTQ, Childhood Trauma Questionnaire; LSC-R, Life Stressor Checklist
Revised; SRIP, Self-Report Inventory for PTSD; STAI-T, State-Trait Anxiety Inventory Trait scale.

33.0 (30.0 –
38.0)a

1. CTQ

MEDIAN (IQR)

.228**

.167**

.248**

.665**

.751**

.269**

.196**

.290**

.705**

-

-

6. BDI-II

5. SRIP

Table 2. Medians, interquartile range (IQR), and Spearman rank correlation coefficients for each of the assessed variables and outcome measures
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Step 1:

.009
-.061
-.024

-.034

.011
-.054
-.031

-.022

.325

Age

Gender

Randomization
variable

Pre-existing
psychopathology

Age

Gender

Randomization
variable

Pre-existing
psychopathology

Stress exposurea

Β

10.829

-.713

-1.026

-1.790

0.376

-1.081

-.758

-1.892

.288

T

Table 3. Associations between stress exposure, trait anxiety and PTSD

24.739(5)

1.438(4)

F(DF)

.111

.006

R2

.107

.002

ADJUSTED R2

Continued on next page

.000

.476

.305

.074

.707

.280

.449

.059

.774

P-VALUE

.023
-.026
-.076

-.021

.068
.711

Age

Gender

Randomization
variable

Pre-existing
psychopathology

Stress exposurea

Trait anxiety

30.791

2.962

-.994

-3.512

-1.191

1.080

198.391(6)

.547

a

sum of centered scores on childhood trauma and stressful life events.

Note: Standardized regression coefficients (betas) are derived from the step in which they are added to the equation. PTSD, post-traumatic
stress disorder.
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.544

.000

.003

.320

.000

.234

.281
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.043
-.078
.015

-.004

.045
-.072
.009

.007

.282

Age

Gender

Randomization
variable

Pre-existing
psychopathology

Age

Gender

Randomization
variable

Pre-existing
psychopathology

Stress exposurea

Β

9.257

.230

.291

-2.355

1.455

-.131

.464

-2.432

1.337

T

Table 4. Associations between stress exposure, trait anxiety and depression

18.704(5)

1.804(4)

F(DF)

.086

.007

R2

.082

.003

ADJUSTED R2

Continued on next page

.000

.819

.771

.019

.146

.895

.643

.015

.181

P-VALUE

.057
-.043
-.038

.007

.015
.738

Age

Gender

Randomization
variable

Pre-existing
psychopathology

Stress exposurea

Trait anxiety

32.263

.664

.332

-1.763

-1.996

2.664

205.472(6)

a

sum of centered scores on childhood trauma and stressful life events.

Note: Standardized regression coefficients (betas) are derived from the step in which they are added to the equation.
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.553

.000

.507

.740

.078

.046

.008

Figure 1. Flow chart

2458 Patients assessed for eligibility

86
1128

Deceased
Excluded
695 Did not respond
433 Declined to participate

1
118

Deceased
Lost to follow up
23 Withdrawal of informed consent
95 Non-response to reminders

1244 Patients provided informed consent

1125 Questionnaires returned

158 |

CHAPTER 4

Tra i t an xi ety mediates the effect of str ess exposur e on pos t- tr aum ati c s tr es s di s or der and depr es s i on
ri sk i n ca rdi ac sur ger y patients.

| 159

b

a

Trait anxiety partially mediates the relation between stress exposure and PTSD and fully mediates this relation with regard to depression.
Hypothetical representation of trait anxiety as a potential vulnerability factor for psychopathology after exposure to cardiac surgery and intensive care unit (ICU)
treatment.

B

A

Figure 2. Trait anxiety and psychopathology after cardiac surgery and intensive care unit (ICU) treatment.

4

35

Figure 3. Moderating effects of trait anxiety between stress exposure and symptoms of posttraumatic stress disorder (PTSD) as measured by the Self-Report Inventory for PTSD (SRIP).

Regression lines are plotted for high (+1 SD above the mean) and low (-1 SD below the mean) values of stress exposure.
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.015
.011

-.026

.011
-.002

-.014

.345

.013
-.058

Age

Randomization
variable

Pre-existing
psychopathology

Age

Randomization
variable

Pre-existing
psychopathology

Stress exposurea

Age

Randomization
variable

Β

-2.426

.535

10.189

-.426

-.071

.335

-.713

.310

.425

T

103.819(4)

.270(3)

F(DF)

.119

.001

R2

Supplemental Table 1. Associations between stress exposure, trait anxiety and PTSD in male patients

.115

-.003

ADJUSTED R2

Continued on next page

.015

.593

.000

.670

.943

.737

.476

.756

.671

P-VALUE

.072
.722

Stress exposurea

Trait anxiety

27.846

2.777

-.085

775.376(5)

.561

a

sum of centered scores on childhood trauma and stressful life events.

Note: Standardized regression coefficients (betas) are derived from the step in which they are added to the equation. PTSD, post-traumatic stress disorder.

-.002

Pre-existing
psychopathology

Table 1 Continued from previous page
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.558

.000

.006

.933
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-.013
-.180

-.077

.003
-.170

-.061

.234

.059
-.169

Age

Randomization
variable

Pre-existing
psychopathology

Age

Randomization
variable

Pre-existing
psychopathology

Stress exposurea

Age

Randomization
variable

Β

-3.408

1.171

3.560

-.928

-2.585

.045

-1.140

-2.678

-.197

T

12.671(4)

.274(3)

F(DF)

.091

.037

R2

Supplemental Table 2. Associations between stress exposure, trait anxiety and PTSD in female patients

.074

.023

ADJUSTED R2

Continued on next page

.001

.243

.000

.354

.010

.964

.256

.008

.844

P-VALUE

.047
.657

Stress exposurea

Trait anxiety

12.650

.913

-1.739

160.012(5)

.483

a

sum of centered scores on childhood trauma and stressful life events.

Note: Standardized regression coefficients (betas) are derived from the step in which they are added to the equation. PTSD, post-traumatic stress disorder.

-.0.87

Pre-existing
psychopathology
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.050
.049

-.006

.046
.037

.004

.287

.048
-.020

Age

Randomization
variable

Pre-existing
psychopathology

Age

Randomization
variable

Pre-existing
psychopathology

Stress exposurea

Age

Randomization
variable

Β

-.849

2.002

8.329

.103

1.088

1.344

-.167

1.358

1.380

T

69.365(4)

1.219(3)

F(DF)

.087

.005

R2

Supplemental Table 3. Associations between stress exposure, trait anxiety and depression in male patients

.082

.001

ADJUSTED R2

Continued on next page

.396

.046

.000

.918

.277

.179

.871

.175

.168

P-VALUE

.004
.784

Stress exposurea

Trait anxiety

28.897

.150

.687

835.008(5)

.562

a

sum of centered scores on childhood trauma and stressful life events.

Note: Standardized regression coefficients (betas) are derived from the step in which they are added to the equation. PTSD, post-traumatic stress disorder.

.016

Pre-existing
psychopathology
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.881
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.016
-.143

-.012

.034
-.131

.006

.256

.093
-.131

Age

Randomization
variable

Pre-existing
psychopathology

Age

Randomization
variable

Pre-existing
psychopathology

Stress exposurea

Age

Randomization
variable

Β

-2.748

1.943

3.871

.083

-1.991

.515

-.172

-2.103

.239

T

14.968(4)

1.500(3)

F(DF)

.085

.021

R2

Supplemental Table 4. Associations between stress exposure, trait anxiety and depression in female patients

.068

.007

ADJUSTED R2
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.007

.053

.000

.934

.048

.607

.863

.037

.811

P-VALUE

.057
.697

Stress exposurea

Trait anxiety

14.018

1.154

-.453

196.518(5)

.525

a

sum of centered scores on childhood trauma and stressful life events.

Note: Standardized regression coefficients (betas) are derived from the step in which they are added to the equation. PTSD, post-traumatic stress disorder.

-.022

Pre-existing
psychopathology
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ABSTRACT
The glucocorticoid receptor (GR) agonist dexamethasone is frequently used for its antiinflammatory properties. We recently showed that a single high-dose of dexamethasone had
long-lasting protective effects on the development of psychopathology after cardiac surgery
and postoperative intensive care unit stay. In this study, we investigated whether common
genetic variation in the hypothalamic-pituitary-adrenal (HPA)-axis would influence the
susceptibility for PTSD and depression after dexamethasone administration.
Participants (N=1244) of the Dexamethasone for Cardiac Surgery (DECS)
randomized clinical trial were followed after receiving a single high intraoperative dose
of dexamethasone (1mg/kg), a GR agonist, or placebo. PTSD and depressive symptoms
were assessed up to four years after cardiac surgery. We focussed primarily on five common
single nucleotide polymorphisms (SNPs) in the glucocorticoid receptor (GR). Secondarily, we
comprehensively assessed common genetic variation in the FK506 binding protein (FKBP5)
and the mineralocorticoid receptor (MR).
The protective effects of dexamethasone on postoperative PTSD symptoms were
dependent on the GR polymorphisms rs41423247 (p=.009), rs10052957 (p=.003), and
rs6189 (p=.002), but not on rs6195 (p=.025) or rs6198, (p=.026) after Bonferroni correction.
No genotype-dependent effects were found for postoperative depressive symptoms. Also,
no associations of FKBP5 and MR polymorphisms were found on PTSD and depression
outcomes.
Protective effects of dexamethasone on PTSD symptoms after cardiac surgery
and ICU stay seem to depend on common genetic variation in its target receptor, the GR.
These effects indicate that pre-operative genetic screening could potentially help in stratifying
patients for their vulnerability for developing PTSD symptoms after surgery.
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INTRODUCTION
Glucocorticosteroids are commonly administered to attenuate systemic inflammatory
symptoms (1). Besides possibly affecting clinical outcomes, glucocorticoids are known to
exert neuropsychiatric effects (2). Cardiac surgery patients who are subsequently admitted
to an intensive care unit (ICU) are at relatively high risk for stress-related psychopathology
such as post-traumatic stress disorder (PTSD) and depression (3-5), and the administration
of glucocorticoids may considerably affect recovery in a significant portion of these patients
(6-8). Recently, we showed that the glucocorticoid receptor (GR) agonist dexamethasone has
potential protective effects on the development of PTSD and depression after cardiac surgery,
particularly in female patients (9). This fits with the notion that adequate GR functionality
is pivotal for an adaptive response to stressful events such as cardiac surgery or ICU stay.
Moreover, differences in hypothalamic-pituitary-adrenal (HPA) axis activity have been
previously reported in both PTSD and depression, and glucocorticoid sensitivity in general
seemingly affects mental health (10).
There is large heterogeneity between ICU patients in psychopathological outcomes,
and it is currently unknown who is most at risk (11). We hypothesized that the potential
protective effects of dexamethasone primarily depend on genes that directly affect GR
sensitivity. This may in turn influence the development of PTSD and depression after
cardiac surgery and subsequent ICU stay (12-14). Common variation in HPA-axis related
genes indeed have been linked to glucocorticoid sensitivity and susceptibility to PTSD and
depression, though not all studies report consistent results (15-17). In addition to the GR itself,
we comprehensively investigated genetic variants of the regulatory FK506 binding protein
(FKBP5) (18). FKBP5 activates an ultrashort negative feedback loop and decreases overall
GR-signaling (19,20). Moreover, we focused on the mineralocorticoid receptor (MR) which
sets the threshold for HPA axis activation, thereby regulating the onset of the stress response
via genomic transcription (19).
The aim of this study was to assess whether the effects of dexamethasone on the
occurrence of PTSD and depression after cardiac surgery and ICU treatment depends on
genetic variation of the GR, and, secondarily, FKBP5 and the MR.

G en e ti c vari a ti on in the glucocor ticoid r eceptor and psy c hopathol ogy after dex am ethas one adm i ni s tr ati on
i n ca rdi ac su rger y patients
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MATERIALS AND METHODS
Patient selection and study design
Between April 2006 and November 2011, 4494 patients of 18 years or older scheduled
to undergo cardiac surgery and requiring cardiopulmonary bypass were recruited for the
Dexamethasone for Cardiac Surgery (DECS) trial (Clinicaltrials.gov identifier NCT00293592).
Exclusion criteria of this randomized, double-blind, placebo-controlled trial were emergency
procedures, off-pump interventions and a life expectancy of 6 months or less. A subsample
of patients who received either dexamethasone or placebo and had a follow-up of less than 4
years, were invited to participate (9). These patients were included by the University Medical
Center Utrecht, Isala Clinics, Amphia Hospital, University Medical Center Groningen, and
Erasmus Medical Center. After exclusion of deceased patients, 2458 patients (54.7% of the
original DECS study sample) received an additional information letter between December
2012 and July 2013. Of these patients, additional written informed consent was obtained
from 1244 patients (27,7% of the original DECS study sample) to send questionnaires and
obtain genetic data. This follow up study was approved by the Medical Ethics Committee of
the University Medical Center Utrecht.
Intervention and randomization
DECS study participants were randomized to receive either dexamethasone or placebo
during surgery. Dexamethasone and placebo were administered intravenously at a dose
of 1 mg/kg bodyweight (with a maximum of 100 mg) after induction of anesthesia, and
before starting cardiopulmonary bypass. The trial design is described in detail elsewhere (1).
Treatment allocation was blinded for both the participants and observers of the present study.
Main outcome measures
The presence of PTSD symptoms in the past four weeks was assessed by the Self-Rating
Inventory for PTSD (SRIP). This is a well-validated Dutch questionnaire to evaluate PTSD
in adults (21). The 22 items correspond with the Diagnostic and Statistical Manual of Mental
disorders, Fourth Edition (DSM-IV-TR) criteria for PTSD. A four-point (0-3) Likert scale
was used to rate all items, yielding a possible maximum score of 88. Higher scores represent
more severe PTSD symptoms. This questionnaire is validated in various populations, such as
elderly community residents, psychiatric patients, and traumatized veterans (22). The SRIP
attains a high internal reliability with Cronbach’s alpha scores ranging 0.90 and 0.94 for the
total score, and an average test-retest correlation of 0.69 (22).
Symptoms of depression were quantified using the validated Beck Depression
Inventory-II (BDI-II) (23). This 21-item questionnaire addresses the severity of depression in
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the past week and conforms with DSM-IV criteria. Each answer was scored on a scale of 0
to 3, yielding a possible maximum score of 63. Higher BDI-II scores represent more severe
depressive symptoms. The test-retest reliability was 0.96 and Cronbach’s alpha yielded a
value of 0.91 (23).
DNA preparation
The participants received a Genotek OG-500 Salivette with instructions by mail to collect
saliva (i.e., by chewing on a cotton roll for two minutes) at home. Of the 1244 sent Salivettes,
90.4% were returned, and subsequently labeled and stored. The Salivettes were shipped
at -80°C and DNA extraction was performed using Kleargene extraction chemistry (LGC
Genomics, London, United Kingdom).
Procedures
The questionnaires and Salivettes were sent by postal mail after randomization (range: 1.5
to 4 years). Non-responding participants received reminders by telephone. Returned paper
questionnaires were digitized by scanning all questionnaires at once. The correspondence of
digitized scores with the paper questionnaires was thoroughly checked for randomly selected
participants (i.e., 5% of cases).
Genotyping
Genotyping was performed with the Kompetitive Allele Specific PCR (KASP) genotyping
assay according to the protocols of the manufacturer (LGC Genomics, London, United
Kingdom). Single nucleotide polymorphisms (SNPs) of the GR (rs41423147, rs6189,
rs6198, rs10052957, and rs6195), FKBP5 (rs3800373 and rs1360780), and MR (rs5522 and
rs2070951) previously reported to be associated with psychopathology were selected for this
study (19,24-26). All SNPs are in low linkage disequilibrium (R2 values ranging from 0.015 to
0.065). DNA extraction was successful in 1090 (87.6%) samples; call rates per SNP are listed
in Table 2. Frequencies of all genotype distributions were comparable to frequencies found
in previous literature (27). The distributions of all polymorphisms were in Hardy-Weinberg
equilibrium (HWE), indicating absence of particular genetic selection in this study group.
Demographic characteristics and other variables of interest
Demographic characteristics regarding height, weight, education, and intoxications (i.e.,
smoking, alcohol or substance use) were obtained from both the electronic hospital information
system and self-report questionnaires. Prospectively recorded data of the DECS trial database
provided information about other demographics and pre-existing medical conditions (e.g.,
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age, sex, diabetes mellitus, neurological disease, hypertension, peripheral artery disease,
and cerebrovascular events), EuroSCORE (28), duration of the surgical procedure, type
of surgery, length of ICU stay, ICU readmission, prolonged mechanical ventilation, and
postoperative corticosteroid use. Data regarding pre-existing (i.e., prior to cardiac surgery)
and postoperative psychiatric conditions within 1.5 years after cardiac surgery (i.e., the
presence of depression, bipolar disorder, and anxiety disorders before cardiac surgery up
until the postoperative measurement of PTSD and depression) was collected by means of a
self-report questionnaire.
Statistical analysis
Genotypic distributions of all polymorphisms were examined using chi-square goodnessof-fit test to assess HWE. Primary analyses were conducted to investigate the effect of
dexamethasone and five GR SNPs on symptoms of PTSD and depression. Furthermore,
main effects of each individual SNP were explored. Continuous SRIP and BDI-II scores
were used as primary outcome measures. Genotype was linearly modelled using an additive
model. The potential modulating effect of GR SNPs on dexamethasone administration was
investigated by regressing a genotype x dexamethasone interaction variable. Age and sex
were used as covariates in all models. The influence of potential confounders (i.e., history of
substance use, pre-existing psychopathology, level of education, postoperative corticosteroid
administration, length of ICU stay) was addressed by adding these factors to the models.
Furthermore, subgroup analyses after stratification on sex were conducted. Secondary
analyses included similar models with FKBP5 and MR SNPs.
Descriptive statistics were used to analyze relevant socio-demographic and clinical
characteristics. In accordance with previous analyses, multiple imputation was conducted to
handle missing data as previously published (9,29). Incomplete genotyping cases were deleted
list wise (i.e., cases with missing genotype data were excluded).
Bonferroni method was used to correct for multiple testing for the primary outcome
concerning the five tightly linked GR SNPs, yielding a significance threshold of α=.01 (.05/5)
(30). With regard to secondary analyses, the α was adjusted to a threshold of .0125 (.05/4).
All analyses were conducted using IBM SPSS version 20 (SPSS Inc., Chicago, Ill).
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RESULTS
Study participants
In total, 1244 participants of the original DECS trial signed additional informed consent. 1111
Patients (89.3%) returned the questionnaires and Salivettes by mail. A study enrolment flow
diagram and baseline characteristics are represented in Figure 1 and Table 1. Furthermore,
baseline characteristics were comparable in the multiple imputation and original datasets.
Here, results of genetic data analysis are presented; detailed information about the prevalence
of PTSD and depression in the patient sample of this study is described elsewhere (9).

Genotyping results
Dexamethasone administration during surgery was associated with lower PTSD symptom
scores after surgery depending on the GR polymorphisms rs41423247 (p=.009; β=-.114; b=.005; 95%Confidence Interval [95%CI] -.009 to -.001), rs10052957 (p=.003; β=-.134; b=.006; 95%CI -.010 to -.002), and rs6189 (p=.002; β=-.135; b=-.006; 95%CI -.009 to -.002).
GR SNPs rs6195 and rs6198 yielded nominal significant results (p=.025; β=-.102; b=-.005;
95%CI -.010 to -.001, and p=.026; β=-.099; b=-.005; 95%CI -.009 to -.001, respectively)
but were not significant after correcting for multiple testing. No main SNP effect was present
for PTSD outcomes (all p-values >.01; supplemental information Table S1). With regard to
symptoms of depression, none of the SNPs significantly interacted with dexamethasone (all
p-values >.01; supplemental information Table S2).
Secondary analyses showed no significant interactions between dexamethasone
administration, and FKBP5 or MR for both PTSD and depression outcomes (supplemental
information Table S3). Moreover, no significant main effect of FKBP5 and MR SNPs on
either SRIP or BDI-II scores were found.
Confounder and subgroup analyses
Confounder analyses, considering substance use, pre-existing psychopathology, level of
education, postoperative corticosteroid administration, and length of ICU stay did not have
consequences for the results. After stratification on sex, GR polymorphisms rs41423247,
rs10052957, and rs6189 showed a genotype-dependent, lowering effect of dexamethasone
on SRIP scores in the male patient subgroup. Furthermore, the effect of dexamethasone on
BDI-II scores was also modulated by rs10052957 in male patients. Analyses of SRIP and
BDI-II scores in the considerably smaller female patient subgroup did not show any genotype
dependent effects of GR polymorphisms in interaction with dexamethasone.
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DISCUSSION
The results of this study indicate that the protective effects of the GR agonist dexamethasone
on the occurrence of psychopathology after cardiac surgery are dependent on common
genetic variation in the GR. Specifically, three GR SNPs (i.e., rs41423247, rs10052957,
and rs6189) robustly interacted with the dexamethasone intervention and were found to be
associated with less PTSD symptoms but not with less depressive symptoms.
Chronic stress is a well-known a risk factor for both PTSD and depression, although
HPA-axis reactivity may differ between these two disorders. In PTSD, experiencing trauma
is thought to result in enhanced negative feedback, which leads to lower baseline cortisol
levels and heightened dexamethasone sensitivity and responsiveness (31). In contrast, HPAaxis responsivity is generally blunted in depression, although large interindividual differences
exist. The currently observed interaction between GR SNPs and dexamethasone treatment
on PTSD-specific symptoms may indicate that individuals with this genotype had a different
HPA-axis response to the stressful peri-operative conditions as well as a different response to
dexamethasone (31).
Previous studies indicated a functional role of the GR gene in the development
of PTSD, and of rs41423247 in particular when the influence of social support after
experiencing traumatic events was taken into account (32,33). A strong association was also
found between this SNP and HPA-axis responsiveness to cortisol and ACTH when a novel
stressor was encountered (34). Also, more traumatic memories, lower plasma cortisol levels,
and enhanced GR activity is reported in homozygous carriers of the risk allele G after cardiac
surgery, thereby predicting the level of PTSD symptoms (12). Our results in a much larger
cohort are in line with these findings and in addition show specificity for the degree to which
cortisol receptors represent a risk (or protective) factor.
The GR polymorphism rs6189 is known to lead to reduced glucocorticoid sensitivity
by its transactivating capacity (25,35). It has predominantly been associated with higher
susceptibility to depression and a faster treatment response (36,37). However, our results do not
support a role of this SNP in postoperative depressive symptoms. The fact that postoperative
PTSD symptoms were dependent on rs6189 after dexamethasone administration adds to the
notion of the importance of rs6189 for glucocorticoid sensitivity, and possibly the occurrence
of PTSD (38). Taken the limited amount of studies on this particular subject into account,
further elucidation of the role of rs6189 is warranted.
The third GR polymorphism that significantly modulated the effect of
dexamethasone on psychopathology outcome in our study population was rs10052957. The
functional relevance of this SNP has been suggested to depend on the presence of rs6189
minor allele frequencies (37). To the best of our knowledge, this is the first study to report
dexamethasone-related modulation of PTSD symptoms by rs10052957.
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In contrast to the GR, no effects were observed with regard to FKBP5 and MR
polymorphisms. This is partly in line with previous literature, where a modulating role of
the same FKBP5 polymorphisms (i.e., rs1360780 and rs3800373, which are in high linkage
disequilibrium) has been described on symptoms of PTSD in relation to trauma exposure
(39-41). Although no main effect was found in this study, these polymorphisms previously
interacted with childhood abuse to predict the level of PTSD symptoms at adult age (42).
With regard to depression, it remains less well determined whether FKBP5 polymorphisms
are associated. It is unclear if any described gene-environment interaction is specific for one
over the other stress-related disease (42).   
Both the GR and MR balance the level of glucocorticoids in the brain, and are
presumed to influence vulnerability to psychopathology as a consequence. Although less
extensively studied than GR polymorphisms, MR SNP rs5522 has been linked to depressive
symptoms and a more pronounced cortisol response in reaction to a psychosocial stressor
(43,44). With regard to resilience to depression and MR-targeted treatment possibilities,
rs2070951 has been investigated in more detail. However, in our study we did not find either
of these MR polymorphisms to distinctly affect the occurrence of psychopathology after
cardiac surgery. The minimal MR affinity of dexamethasone in particular, in comparison to
other glucocorticoids, probably accounts for this.
No genotype-dependent effects were found in female patients, but the unequal
distribution of male and female patients probably accounts for this, leaving analyses of
the female patient subgroup inadequately powered. Further investigation in more equally
distributed cohorts is necessary to make more conclusive statements about the role of
sex when assessing genotype-dependent effects of dexamethasone on the occurrence of
psychopathology.
This study has several strenghts. It is one of the largest cardiac surgery cohorts
in which genetic variability of the HPA-axis has been comprehensively examined. The
randomized study design allowed extensive investigation of metabolic consequences of
dexamethasone administration (1). Furthermore, previous studies refute potential adverse
effects of dexamethasone on neurological and cognitive outcome, besides health-related
quality of life (9,45,46). Combining thorough data collection, high call rates and validated
outcome measures, ensured reliable (genetic) information to investigate. Therefore, distinct
results with clinical relevance could be reported. By our hypothesis-driven approach we
aimed to address a clinically relevant issue and complement current knowledge.
Our study was limited by the retrospective assessment of PTSD and depressive
symptoms, which was due to logistical reasons. The large study sample resulted in the use
of validated self-report questionnaires, which is suboptimal compared to taking diagnostic
interviews. Despite elaborate handling of missing data, a certain degree of response bias
cannot be ruled out. Integral assessment of the interplay between HPA-axis functionality,
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dexamethasone administration, and stress-related psychopathology would ideally comprise
additional measurements of physiological parameters, such as serum-cortisol. Moreover, to
appropriately address gene-environment interactions, more details concerning psychiatric
history and exposure to traumatic events before and after cardiac surgery would have been of
interest.
In conclusion, common genetic variation in the GR in interaction with high-dose
intraoperative dexamethasone administration were associated with the development of less
PTSD symptoms after cardiac surgery. The clinical relevance of these findings would be
amplified by future investigations concerning potential intervention strategies in cardiac
surgery patients at risk for PTSD and depression. Hence, these findings could be taken
into account when focussing on preventive therapy with regard to those that are genetically
predisposed.
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Table 1. Demographic and clinical characteristicsa
BASELINE CHARACTERISTICS

NUMBER (%)

    Patients who received dexamethasone

561 (45.1)

    Age, median (IQR), y

69.6 (62.9-76.0)

   Male sex

776 (77.9)

    Height, median (IQR), cm

176 (170-181)

    Weight, median (IQR), kg

82 (73-92)

    Low level of educationb

531 (53.3)

INTOXICATIONS
   Smoking

92 (9.2)

   Alcohol

778 (78.1)

   Substance use

4 (0.4)

PRE-EXISTING MEDICAL CONDITIONS
   Alzheimer’s disease

4 (0.4)

   Cancer

49 (4.9)

   COPD

97 (9.7)

   Hypertension

340 (34.1)

DIABETES MELLITUS
   Insulin dependent

37 (3.7)

   Non-insulin dependent

118 (11.8)

CEREBROVASCULAR EVENTS
   Stroke

34 (3.4)

    Transient ischemic attack

37 (3.7)

   Parkinson’s disease

2 (0.2)
Continued on next page
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Table 1 Continued from previous page

   Peripheral artery disease

70 (7.0)

PRE-EXISTING PSYCHIATRIC CONDITIONSC
   Depression

18 (1.8)

   Bipolar disorder

3 (0.3)

   Anxiety disorder

16 (1.6)

   EuroSCOREd, median (IQR)

4 (3-6)

    Duration of surgical procedure, median (IQR), min

215 (180-265)

TYPE OF SURGERY
   Isolated CABG

391 (39.3)

   CABG plus valve

207 (20.8)

   Single valve

233 (23.4)

   Multiple valves

18 (1.8)

   Other

147 (14.8)

ICU LOS, median (IQR), h

21 (18-24)

First ICU admission

808 (81.1)

Prolonged mechanical ventilation (>48h)

19 (1.9)

Postoperative corticosteroid usee

73 (7.3)

5

Abbreviations: EuroSCORE, European System for Cardiac Operative Risk Evaluation; COPD, chronic obstructive pulmonary disease; ICU,
intensive care unit; IQR, interquartile range; ICU LOS, intensive care unit length of stay.
Data shown as number (%) unless reported otherwise.
The five educational levels were dichotomized in lower and higher education; low education ranges from no education to lower vocational
education.
c
Baseline inventory by self-report questionnaire.
d
Higher scores represent increased perioperative mortality risk.
e
Number of patients who received corticosteroids during hospital stay.
a
b
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Table 2. List of tested GR, MR, and FKBP5 SNPs, allele frequencies, and call rates.
SNPs

ALLELE FREQUENCY

CALL RATE (%)

   rs41423147

GG, 40.4, GA, 46.6; AA, 13.0

95.2

   rs6189

GG, 88.4; GA, 6.1; 5.4

97.9

   rs10052957

GG, 45.9; GA, 45.0; AA, 9.1

95.6

   rs6198

AA, 66.9; GA, 30.8; GG, 2.2

96.3

   rs6195

AA, 94.0; GA, 5.9; GG, 0.1

96.9

   rs3800373

TT, 51.6; TG, 40.7; GG, 7.7

95.0

   rs1360780

CC, 48.0; CT, 43.0, TT, 9.0

95.7

   rs5522

AA, 76.0; AG, 22.6; GG, 1.4

96.3

   rs2070951

CC, 26.6; CG, 49.7; GG, 23.7

96.0

GR

FKBP5

MR

Abbreviations: FKBP5, FK506 binding protein; GR, glucocorticoid receptor; MR, mineralocorticoid receptor.
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Figure 1. Study enrollment diagram

Figure 1. Study enrollment diagram

2458 Patients assessed for eligibility
86
Deceased
1128 Excluded
695 Did not respond
433 Declined to participate
1244 Patients provided informed consent
1
118

1125 Questionnaires
returned

Deceased
Lost to follow up
23 Withdrawal of informed
consent
95 Non-response to reminders

5

1111 Saliva samples
returned
# of samples per SNP in which DNA
extraction failed
rs5522
41
rs2070951
44
rs41423247
53
rs6189
23
rs10052957
49
rs6195
34
rs3800373
55
rs1360780
48

115 Samples incompletely genotyped

996 Patients with a combination of complete
questionnaires and completely genotyped samples
19
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.865

.246

.599

.348

.583

a

Linear regression comprised continuous SRIP and BDI-II scores as outcome measures, and age, sex,

-.001

-.001

.000

.000

-.001

.000

-.001

.000

.000

b

-.003 to .001

-.002 to .001

-.002 to .001

-.002 to .002

-.003 to .001

-.002 to .002

-.002 to .001

-.002 to .001

-.030

-.016

-.014

-.005

-.018

-.002

-.019

-.009

-.014

β

DEPRESSIONC

-.002 to .001

95%CI

and the randomization variable as covariates.
b
As measured by SRIP questionnaire.
As measured by BDI-II questionnaire.
d
A significance level of α≤0.01 was applied.
c

p-valued

Overall, no significant main effects were found of GR, FKBP5, and MR polymorphisms on symptoms of
PTSD and depression.

.000

  rs5522

MR

.001

  rs3800373

FKBP5

.001

  rs41423147

GR

b

PTSDB

Table S1. Main effects of GR, FKBP5, and MR polymorphisms on PTSD and depressiona

.315

.587

.642

.852

.533

.951

.534

.766

.637

p-valued

G en e ti c vari a ti on in the glucocor ticoid r eceptor and psy c hopathol ogy after dex am ethas one adm i ni s tr ati on
i n ca rdi ac su rger y patients

-.002
-.003
-.005
-.004

   rs6189

   rs6198

   rs10052957

   rs6195

-.008 to .000

-.008 to -.001

-.007 to .001

-.007 to .000

-.007 to .000

95%CI

p-valuec

.048
.034
.152
.011
.082

β

-.086
-.093
-.064
-.114
-.078

b

a

Linear regression comprised of continuous BDI-II scores as outcome measure, and age, sex, and the dexamethasone x genotype variable as covariates.
As measured by the BDI-II questionnaire.
c
A significance level of α≤0.01 was applied.

-.003

   rs41423147

GR polymorphism

b

DEPRESSIONB

Table S2. Genotype dependent effect of dexamethasone on symptoms of depression.a
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-.004

-.004

  rs2070951

  rs5522

-.008 to .001

-.009 to .000

-.007 to .001

-.007 to .001

95%CI

-.070

-.092

-.073

-.071

β

.093

.037

.092

.110

p-valued

-.002

-.004

-.002

-.002

b

-.006 to .001

-.007 to .000

-.005 to .002

-.006 to .001

95%CI

c

b

-.053

-.085

-.044

-.059

β

DEPRESSIONC

Linear regression comprised of continuous SRIP and BDI-II scores as outcome measure, and age, sex, and the dexamethasone x genotype variable as covariates.
As measured by the SRIP questionnaire.
As measured by the BDI-II questionnaire.
d
A significance level of α≤0.012 was applied.

a

-.003

  rs3800373

MR
polymorphism

-.003

  rs1360780

FKBP5
polymorphism

b

PTSDB

Table S3. Secondary analyses of genotype dependent effects of dexamethasone on symptoms of PTSD and depressiona.

.216

.055

.311

.184

p-valued
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ABSTRACT
Cardiac surgery patients are prone to develop psychopathology related to their hospital stay.
Symptoms of post-traumatic stress disorder (PTSD) and depression occur in 10% to 20%
of these patients, up to several years after discharge. This may reduce the beneficial effects
of cardiac surgery on their quality of life. The aim of this study was to comprehensively
assess treatment factors, genetic factors, and other patient-related factors associated to
psychopathology after cardiac surgery.
We obtained data as part of a multi-center follow up study of the randomized
Dexamethasone for Cardiac Surgery (DECS) trial, in which patients received a single,
intravenous dose of dexamethasone (1mg/kg) or placebo during cardiac surgery. 1244
Participants filled out validated questionnaires after cardiac surgery to assess PTSD and
depressive symptoms as well as childhood trauma, trait anxiety, pre-existing psychopathology,
and substance use. Saliva was used for genotyping of hypothalamic-pituitary-adrenal-axis
(HPA axis) related single nucleotide polymorphisms (SNPs). Complete data was available in
approximately 90% of cases. To obtain a model with only the most important contributing
factors, linear backward regression was performed with all factors mentioned above,
including age, female sex, dexamethasone administration and [dexamethasone x female sex]
and [dexamethasone x genotype] interaction terms.
The model including trait anxiety and [dexamethasone x female sex] explained over
50 percent of variance in PTSD symptoms (Model fit F (2;4.817)=643.043, p<.001; adjusted
R2=0 .569). The same accounts for variance in depressive symptoms, where age, trait anxiety
and [dexamethasone x female sex] interaction provided the optimal model (Model fit F
(3;4.261)=435,960, p<.001; adjusted R2=0.580). This data supports that the occurrence of
psychopathology after cardiac surgery is partially influenced by higher trait anxiety, and
that female cardiac surgery patients might benefit from intraoperative dexamethasone
administration.
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INTRODUCTION
The beneficial effects of cardiac surgery and subsequent intensive care treatment can
be hindered by the development of psychopathology after hospital discharge. In the first
year after surgery, post-traumatic stress disorder (PTSD) and depression occur in 10% to
20% of the patients (1). In a previous study concerning cardiac surgery patients, we found
symptoms of post-traumatic stress disorder (PTSD) and depression to occur in 10.5% and
13.1% of patients, respectively (2). These complications can be invalidating, and interfere
with successful recovery (1,3-7). It is therefore important to identify factors that may affect the
development of psychopathology after cardiac surgery and intensive care unit (ICU) stay, as
to facilitate early treatment of at risk patients (8,9). However, which factors contribute most to
psychopathology and may guide potential interventions, is unclear.
Substance use and prior psychiatric history are known determinants for recurrent
psychopathology (10,11). Also, childhood trauma – in particular emotional neglect – is
thought to influence the response to novel stressful situations, and thereby the development of
stress-related psychopathology (12). Recently, we showed that intraoperative dexamethasone
administration can reduce PTSD symptoms in female cardiac surgery patients (2). This effect
was dependent on specific genetic variations of the target receptor of dexamethasone, the
glucocorticoid receptor (GR). A comparable relation with dexamethasone – although not
statistically significant – was found with regard to symptoms of depression. Importantly, high
trait anxiety also plays a role; this common personality trait mediates the effect of stressexposure prior to cardiac surgery on the development of symptoms of PTSD and, to a lesser
extent, depression thereafter (13). These findings indicate that pre-operative screening of
cardiac surgery patients, based on the afore-mentioned factors, might be informative of
individual vulnerability to develop psychopathology.
The aim of this study was to identify the most important factors associated with
symptoms of PTSD and depression after cardiac surgery and subsequent ICU stay. We
elaborately evaluated patient related factors (i.e., age, female sex, history of psychopathology,
substance use, emotional neglect during childhood), personality traits (i.e., trait anxiety),
medication that affects the hypothalamic-pituitary-adrenal (HPA) axis (i.e., dexamethasone),
and genetic factors (i.e., polymorphisms of HPA axis genes).
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MATERIALS AND METHODS
Study design and patients
Between April 2006 and November 2011, 4494 patients were randomized in the doubleblind Dexamethasone for Cardiac Surgery (DECS) trial (Clinicaltrials.gov identifier
NCT00293592). All included patients were 18 years or over and electively underwent
cardiac surgery requiring cardiopulmonary bypass. A single dose of dexamethasone (1mg/
kg bodyweight, with a maximum of 100mg) or placebo was administered intravenously after
induction of anesthesia, and before starting cardiopulmonary bypass. A detailed trial design
was described previously (14).
Between December 2012 and July 2013, 2458 patients who were included in the
DECS trial were invited to participate in this additional follow-up study on psychopathology,
1.5 to 4 years after their randomization (9). These patients had cardiac surgery at the
University Medical Center Utrecht, Isala Clinics, Amphia Hospital, University Medical
Center Groningen, and Erasmus Medical Center. Additional written informed consent
was obtained in 1244 patients (27.7% of the original DECS study sample). They received
questionnaires and Salivettes by mail to obtain data regarding stress-related psychopathology,
additional baseline characteristics (see below) as well as treatment and genetic information.
Non-responders received reminders by telephone. All returned questionnaires were
digitalized, after which correspondence with paper questionnaires was checked in 5% of
randomly selected participants.
Outcomes: symptoms of post-traumatic stress disorder and depression
The Self-Rating Inventory for PTSD (SRIP) was used to assess presence of PTSD symptoms in
the past 4 weeks (15). This 22-item Dutch questionnaire is well-validated and evaluates PTSD
in adults in correspondence with the Diagnostic and Statistical Manual of Mental disorders,
4th Edition (DSM-IV-TR) criteria for PTSD (15). A possible maximum score of 88 is yielded
by rating items on a 4-point (0-3) Likert scale; higher scores represent more severe PTSD
symptoms. A total score of 39 was used as a cutoff value (sensitivity=0.74, specificity=0.81),
indicating above threshold symptoms of PTSD. This questionnaire is validated in different
populations, and attains a high internal reliability with Cronbach’s alpha ranging between
0.90 and 0.94 for the total score. Average test-retest correlation is 0.69 (16).
The Beck Depression Inventory-II (BDI-II) was used to quantify symptoms of
depression. This 21-item questionnaire addresses the severity of depression in the past week
conform DSM-IV-TR criteria (17). With a scale of 0-3 for each item, a maximum score of
63 could be obtained. Higher BDI-II scores represent more severe depressive symptoms. A
cutoff score of 13.5 (sensitivity=0.81, specificity=0.92) was used to identify above threshold
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symptoms of depression. The BDI-II has a Cronbach’s alpha of 0.91 and the test-retest
reliability of 0.96 (17).
Demographic characteristics and pre-existing psychopathology
Baseline characteristics were prospectively collected during the DECS trial and retrieved
from the parent trial database. This included education, intoxications, (i.e., smoking, alcohol
or substance use), EuroSCORE (18), duration of the surgical procedure, type of surgery,
length of ICU stay, ICU readmission, prolonged mechanical ventilation, postoperative
corticosteroid use, and history of psychopathology (i.e., presence of depression, bipolar
disorder, and anxiety disorders) (14).
Trait anxiety and childhood trauma
The State-Trait Anxiety Inventory Trait scale (STAI-T) was used to assess trait anxiety of the
participants (19). Individual differences in intensified state anxiety as reaction to (potential)
threatening events are addressed by 20 items on a 4-point Likert scale. A maximum score of
80 can be obtained, where higher scores indicate higher trait anxiety (20). Cronbach’s alpha
ranged from 0.73 to 0.97; the test-retest reliability between 0.73 and 0.86 (19,20).
The Childhood Trauma Questionnaire (CTQ) assesses five dimensions of trauma
(i.e., physical abuse, emotional abuse, sexual abuse, physical neglect, and emotional neglect)
during childhood and adolescence (21). The 28 items are scored on a 5-point Likert scale,
and the five dimension scores add up to a maximum score of 125. A higher score indicates
higher levels of childhood trauma. Median internal consistency reliability coefficients range
from 0.66 to 0.92 (22). Good test-retest reliability of 0.79 to 0.86 has been reported (22). In
previous literature, the emotional neglect dimension score was leading in different populations
and highly correlated with the total score (13). Since factors with highest potential impact on
PTSD and depression scores were selected for the present study, the total emotional neglect
dimension score was used in the statistical analyses.
DNA preparation and genotyping
The participants collected saliva at home (by chewing on a cotton roll for two minutes) with the
Genotek OG-500 Salivette, which they received by mail. 1111 Salivettes were returned, and
subsequently labeled and stored. After shipping the Salivettes at -80°C, DNA extraction was
performed using Kleargene extraction chemistry and the Kompetitive Allele Specific PCR
(KASP) genotyping assay was conducted to genotype the samples (LGC Genomics, London,
United Kingdom). Single nucleotide polymorphisms (SNPs) of the glucocorticoid receptor
(GR; i.e., rs41423147, rs6189, and rs10052957) previously reported to be associated with
symptoms of PTSD and depression were included in this study (23,24). The SNPs are in low
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linkage disequilibrium with r2 values ranging from 0.015 to 0.065. In 1090 (87.6%) samples
DNA extraction was successful and the call rates per SNP are listed in Supplementary Table
S1. Genotype distributions of the SNPs were comparable to frequencies found in previous
literature (25). There was no evidence of particular genetic selection in this study population,
and all distributions of all polymorphisms were in Hardy-Weinberg equilibrium (HWE).
Statistical analysis
Relevant socio-demographic and clinical characteristics were reported using descriptive
statistics. In previous studies, the impact of different factors on the occurrence of PTSD
and depression symptoms was assessed (9,10,11-13). Based on these results and the existing
literature, a selection of variables was made to investigate their relation with symptoms of
PSTD and depression: age, sex, dexamethasone administration (vs. placebo), history of
substance use, pre-existing psychopathology, CTQ emotional neglect total dimension score,
STAI-T total score, and genotypes of GR SNPs rs41423147, rs6189, and rs10052957. In
accordance with our previous investigations, several interaction terms were also introduced
(i.e., [dexamethasone x female sex], [dexamethasone x rs41423147], [dexamethasone x
rs6189], and [dexamethasone x rs10052957]). Incomplete genotyping cases were deleted
list wise (i.e., cases with missing genotype data were excluded). Complete case analysis was
performed, and continuous SRIP and BDI-II scores were used as outcome measures. For
both outcome measures, linear backwards regression analysis was performed. At first, all
potential factors were placed in the model, and contribution to the model was assessed by the
significance value of the t-test for each variable. This significance value was then compared
against the removal criterion (i.e., p-valueout>.10), and the factor was removed from the model
when this removal criterion was met. After this, the model with the remaining variables was
re-estimated. Assumptions for multivariable regression analysis were met and stability of
the models was examined by assessment of model fit, multicollinearity, homoscedascity, and
independent errors. Sensitivity analyses were conducted by adjusting the removal criterion
value (i.e., p-valueout>.15) to obtain an indication of model fit.
Findings with a p-value < 0.05 were considered statistically significant. All analyses
were conducted using IBM Statistical Package for Social Sciences (SPSS Inc., version 20.0.
IBM corp. Chicago, IL, USA).
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RESULTS
From the 1244 patients who had signed additional informed consent for the present study,
1111 (89.3%) returned the questionnaires and Salivettes by mail. Baseline characteristics
(e.g., age, sex, type of surgery, and comorbidities) and a study enrolment flow diagram are
presented in Table 1 and Figure 1, respectively.
As reported elsewhere, symptoms of PTSD and depression were present in
respectively 10.5% and 13.1% of the patients; 7.0% of patients had symptoms of both (11).
PTSD symptoms were assessed in 972 complete cases (89.1% of the total study sample). The
full model is shown in Table 2 (R2=0.569). After conducting linear backwards regression,
trait anxiety and the [dexamethasone x female sex] interaction term were contained in the
model and significantly influenced the proportion of variance in SRIP total score (Table 3).
While higher trait anxiety scores increased SRIP total scores (i.e., development of PTSD
symptoms), dexamethasone had the opposite effect in female patients (Table 3).
With regard to symptoms of depression, analyses of 944 complete cases (86.6%
of the total study sample) showed that both trait anxiety and the [dexamethasone x female
sex] interaction term also affected proportion of variance of BDI-II total scores (Table 4).
Again, higher trait anxiety contributed to the occurrence of depressive symptoms, whereas
dexamethasone lowered BDI-II total scores in female patients. Moreover, older age was
associated with depressive symptoms (Table 5).
Adjustment of the selection criterion did not alter the results with regard to both
SRIP and BDI-II total scores.
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DISCUSSION
This study aimed to investigate potential factors associated with psychopathology after
cardiac surgery and ICU treatment. We found trait anxiety to be consistent and important
in this setting; patients with higher trait anxiety tend to develop more symptoms of PTSD
and depression, up to 4 years after hospital discharge. Furthermore, there is evidence that
dexamethasone decreases PTSD and depression symptoms in female patients. Higher
age was associated with the development of depressive symptoms, but it did not affect the
occurrence of PTSD symptoms.
For both symptoms of PTSD and depression, higher trait anxiety was the strongest
determinant. Measurement of trait anxiety could therefore provide useful information when
evaluating a patient’s susceptibility to developing psychopathology after ICU admission
(26-28). Furthermore, it could be used in the context of – preventative – interventions
(e.g., cognitive behavioral therapy, educational programs, combinations of psychological
interventions and medications) (29-31). Still, this has never been tested before and it might be
a laborious tool for the clinical (ICU) setting.
Childhood trauma – and particularly emotional neglect – is known to affect the
development of psychopathology following a stressful event (13). Nevertheless, emotional
neglect during childhood by itself did not contribute to the occurrence of PTSD and
depression symptomatology. This was also the case for other factors concerning (psychiatric)
medical history (i.e., pre-existing psychopathology and substance use), according to our
model.
The intraoperative administration of dexamethasone proved to have a protective
effect on symptoms of PTSD in female patients who underwent cardiac surgery and
subsequent ICU treatment (2). Preliminary results demonstrate this effect to be influenced
by common genetic variants of the glucocorticoid receptor (GR). However, in the process
of backwards linear regression, genetic factors did not contribute to the variability in
psychopathology symptoms even though it was a significantly associated in our previous
investigations. A similar discrepancy is present for depressive symptoms (9,10).
Our study has several strengths. First, the large sample size and uniformity of this
randomized cardiac surgery cohort is unique. Moreover, the majority of study participants
returned validated questionnaires and call rates of genetic information were high. Also,
our analyses provide a comprehensive and practical view on the multifactorial base of the
development of psychopathology after cardiac surgery and intensive care treatment.
Limitations of this study include the assessment of psychopathology through
validated questionnaires, rather than clinical interview by a psychologist or psychiatrist.
Furthermore, variability in the level of detail of different variables assessed, remains a point
of particular interest. Most factors were collected very thoroughly, but (namely) pre-existing
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psychopathology was measured less precisely. This presumably results in incomplete and
therefore less reliable information. Nevertheless, modeling factors in this way represents
clinical practice, contributing to the relevance and applicability of our results.
In conclusion, we found that the occurrence of psychopathology after cardiac
surgery is partially influenced by higher trait anxiety, and that female cardiac surgery patients
might benefit from intraoperative dexamethasone administration. Validation of these results
is necessary to ascertain their reproducibility, generalizability, and clinical applicability.

6
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Table 1. Demographic and clinical characteristics (N=1090)a
Patients who received dexamethasone

553 (50.7)

Age, median (IQR), y

69.5 (62.9-76.0)

Male sex

868 (79.6)

Height, median (IQR), cm

175 (170-181)

Weight, median (IQR), kg

82 (73-92)

Low level of educationb

597 (54.8)

Intoxications
   Smoking

100 (9.2)

   Alcohol

863 (79.2)

   Substance use

4 (0.4)

Pre-existing medical conditions
   Alzheimer’s disease

4 (0.4)

   Cancer

52 (4.8)

   COPD

112 (10.3)

   Hypertension

485 (44.5)

Diabetes mellitus
   Insulin dependent

38 (3.5)

   Non-insulin dependent

124 (11.4)

Cerebrovascular events
   Stroke

37 (3.4)

    Transient ischemic attack

41 (3.8)

   Parkinson’s disease

2 (0.2)

   Peripheral artery disease

82 (7.5)
Continued on next page
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Table 1 Continued from previous page

Pre-existing psychiatric conditionsc
   Depression

22 (2.0)

   Bipolar disorder

6 (0.6)

   Anxiety disorder

17 (1.6)

   EuroSCOREd, median (IQR)

4 (3-6)

Presence of trait anxietye
Presence of childhood traumaf
Type of surgery
   Isolated CABG

391 (35.9)

   CABG plus valve

207 (19.0)

   Single valve

233 (21.4)

   Multiple valves

18 (1.7)

   Other

241 (22.1)

ICU LOS, median (IQR), h

21 (19-24)

First ICU admission

892 (81.8)

6

Abbreviations: EuroSCORE, European System for Cardiac Operative Risk Evaluation; COPD, chronic obstructive pulmonary disease; ICU,
intensive care unit; IQR, interquartile range; ICU LOS, intensive care unit length of stay.
Data shown as number (%) of 1090 completely genotyped cases, unless reported otherwise.
Low education ranges from no education to lower vocational education.
Baseline inventory by self-report questionnaire.
d
Higher scores represent increased perioperative mortality risk.
e
State-Trait Anxiety Inventory Trait score above …
f
Childhood Trauma Questionnaire score above…
a
b
c
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.017
1.765
1.485
-1.477
-.162
-.194
.606
-.016
.460
.887
2.067
-.119
-.375
-1.162
-

Age

Female sex

Dexamethasone

Dexamethasone x female sex

History of psychopathology

Substance use

Trait anxiety

History of emotional neglect

rs41423247

rs10052957

rs6189

Dexamethasone x rs41423247

Dexamethasone x rs10052957

Dexamethasone x rs6189

Model summary

-

-3.753 to 1.430

-1.362 to .613

-1.034 to .795

-2.073 to 6.206

-.682 to 2.456

-.996 to 1.886

-.091 to .058

.572 to .641

-.992 to .604

-1.298 to .973

-2.956 to .002

-.872 to 3.842

-.591 to 4.121

-.014 to .047

95%CI for B

Abbreviations: B, unstandardized b-value; 95% CI for B, 95% confidence interval for unstandardized
b-value; ß, standardized beta-value; p, p-value; R2, proportion of explained variance.

B

DETERMINANT

Table 2. Linear regression of determinants of PTSD symptoms: full modela

a

-

.379

.457

.798

.327

.267

.527

.670

.000

.634

.779

.050

.216

.142

.280

p

Complete case analysis, n=972

-

-.063

-.055

-.020

.070

.078

.043

-.009

.758

-.011

-.006

-.181

.101

.099

.023

ß

.575

-

-

-

-

-

-

-

-

-

-

-

-

-

-

R2

.569

-

-

-

-

-

-

-

-

-

-

-

-

-

-

Adjusted R2

Table 3. Linear backwards regression of determinants of PTSD symptomsa
DETERMINANT

B

95% CI
for B

ß

p

R2

Adjusted R2

Dexamethasone

1.085

-.810 to
2.980

.074

.261

-

-

Female sex

.581

-.469 to
1.630

.033

.278

-

-

Dexamethasone x
female sex

-.498

-.834 to
-.161

-.061

.004

-

-

Trait anxiety

.603

.570 to
.636

.754

<.001

-

-

Model summary

-

-

-

-

.570

.569

Abbreviations: B, unstandardized b-value; 95% CI for B, 95% confidence interval for unstandardized b-value; ß, standardized beta-value;
p, p-value; R2, proportion of explained variance.
a

Complete case analysis, n=972

6
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.033
1.599
1.143
-1.322
-.142
.294
.544
-.042
-.137
.667
-.734
.168
-.441
.251
-

Age

Female sex

Dexamethasone

Dexamethasone x female sex

History of psychopathology

Substance use

Trait anxiety

History of emotional neglect

rs41423247

rs10052957

rs6189

Dexamethasone x rs41423247

Dexamethasone x rs10052957

Dexamethasone x rs6189

Model summary

-

-2.083 to 2.585

-1.332 to .450

-.657 to .992

-4.491 to 3.023

-.748 to 2.083

-1.421 to 1.148

-.108 to .025

.513 to .575

-.426 to 1.013

-1.182 to .898

-2.650 to .006

-.976 to 3.261

-.513 to 3.712

.006 to .061

95%CI for B

Abbreviations: B, unstandardized b-value; 95% CI for B, 95% confidence interval for unstandardized
b-value; ß, standardized beta-value; p, p-value; R2, proportion of explained variance.

B

DETERMINANT

a

-

.833

.332

.690

.701

.925

.835

.219

<.001

.423

.789

.051

.290

.138

.016

p

Complete case analysis, n=944

-

.015

-.071

.032

-.028

.065

-.014

-.027

.768

.018

-.006

-.181

.087

.101

.052

ß

Table 4. Linear regression of determinants of depressive symptoms: full modela

.585

-

-

-

-

-

-

-

-

-

-

-

-

-

-

R2

.578

-

-

-

-

-

-

-

-

-

-

-

-

-

-

Adjusted R2

Table 5. Linear backwards regression of determinants for depressive symptomsa
DETERMINANT

B

95% CI
for B

ß

p

R2

Adjusted R2

Age

.035

.008 to
.062

.054

.010

-

-

Dexamethasone

1.062

-.637 to
2.761

.081

.220

-

-

Female sex

.300

-.628 to
1.228

.019

.525

-

-

Dexamethasone x
female sex

-.416

-.718 to
-.113

-.057

.007

-

-

Trait anxiety

.539

.510 to
.568

.762

<.001

-

-

Model summary

-

-

-

-

.582

.580

Abbreviations: B, unstandardized b-value; 95% CI for B, 95% confidence interval for unstandardized b-value; ß, standardized beta-value;
p, p-value; R2, proportion of explained variance.
a

6

Complete case analysis, n=944
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Figure 1. Study enrolment flow diagram.

2458 Patients assessed for eligibility
86
Deceased
1128 Excluded
695 Did not respond

1244 Patients provided informed consent
1
118

Deceased
Lost to follow up
23 Withdrawal of informed consent

1125 Returned questionnaires

1111 Returned saliva samples
Failed DNA extraction in 21 samples

!

1090 Genotyped samples, of which:
972 complete SRIP cases
944 complete BDI-II cases

Abbreviations: SRIP, Self-Report Inventory for Post-traumatic stress disorder; BDI-II, Beck Depression Inventory-II.
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Table S1. List of tested GR SNPs, allele frequencies, and call rates.
ALLELE FREQUENCY

CALL RATE (%)

  rs41423147

GG, 40.4, GA, 46.6; AA, 13.0

95.2

  rs6189

GG, 88.4; GA, 6.1; 5.4

97.9

  rs10052957

GG, 45.9; GA, 45.0; AA, 9.1

95.6

GR

Abbreviations: GR, glucocorticoid receptor; SNPs, single nucleotide polymorphisms.
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SUMMARY
This thesis assessed the occurrence of stress-related psychopathology after cardiac surgery
and intensive care treatment. It primarily focused on post-traumatic stress disorder (PTSD)
and depression symptomatology1, but in light of the effects of benzodiazepine administration,
also delirium, anxiety, and cognitive impairment were discussed. Psychopathology might
hamper full recovery after cardiac surgery and intensive care treatment. Therefore, factors
that are potentially associated with the development of psychopathology were explored.
In part I of this thesis, the possible association between benzodiazepine use in
the intensive care unit (ICU) and the occurrence of various forms of psychopathology –
both during ICU admission and after discharge – was investigated. The existing scientific
evidence revealed substantial differences in study quality and size. In many studies, the use
of benzodiazepines was identified as a risk factor for psychopathology. Most evidence was
found for an association between benzodiazepines and delirium. By altering the inhibitory
tone via the GABAA receptor, network connectivity of the brain is thought to be affected
by benzodiazepines. This, in turn, could well be associated with the disturbed level of
consciousness, cognitive dysfunction, and symptoms of arousal as seen in delirium. Although
the GABAergic neurotransmitter system also seems to play a major role in symptoms of
depression, PTSD, anxiety, and cognitive impairment, the effect of benzodiazepines on these
long-term types of psychopathology was less clear. Moreover, it remains uncertain if and how
benzodiazepines exert their effects for a considerable period of time after discharge. The
extent to which dosage, duration, and administration of other GABAergic medication is of
influence, is still unknown as well.
Part II of this thesis discussed the development of psychopathology in an at-risk
population: cardiac surgery patients who were subsequently admitted to the ICU. We
focused on two disorders – PTSD and depression – examining various potentially associated
factors. In Chapter 3, the long-term effects of dexamethasone administration during cardiac
surgery versus placebo on the occurrence of PTSD and depression were assessed. Overall,
dexamethasone did not have beneficial, nor detrimental effects on psychopathology up
to four years after surgery. Nevertheless, post hoc analyses showed a protective effect of
dexamethasone in the female patient subgroup on the development of both PTSD and
depressive symptoms. This finding is hypothesis-generating, and in accordance with the fact
that women are more vulnerable to hypothalamic-pituitary-adrenal (HPA) axis disturbances,
respond differently to actions of glucocorticoids, and have an inherent response to stress.

Throughout this chapter, the terms ‘PTSD’ and ‘depression’ refer to the variety of symptoms that can be present when assessing
neuropsychiatric morbidity in these domains by (self-report) questionnaires.
1
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In Chapter 4, the role of high trait anxiety, a common personality trait reflecting high
neuroticism, was investigated in patients who underwent cardiac surgery and subsequent
intensive care treatment. We evaluated the possible relation between stress exposure during
life and vulnerability to stress-related psychopathology. Trait anxiety was found to be an
important mediator of this relationship, and therefore a candidate screening measure in this
setting. Investigation of common genetic variation in main HPA axis receptors (Chapter 5)
showed that the protective effect of dexamethasone on symptoms of PTSD was dependent
on polymorphisms (i.e., rs41423247, rs10052957, and rs6189) of its main target receptor, the
glucocorticoid receptor (GR). Further, no effect on symptoms of depression, nor involvement
of genetic variation of the mineralocorticoid receptor (MR) or FK506 binding protein
(FKBP5) was found. Factors that were identified and discussed in the previous chapters of
Part II, were selected and combined in one model with evidence from the existing literature,
and presented in Chapter 6. The combined data supports partial involvement of trait anxiety
in the development of stress-related psychopathology, and a potential beneficial effect of
dexamethasone in female patients after cardiac surgery and ICU admission.

GENERAL DISCUSSION
The objective of this thesis was to better understand the role of various factors in the setting
of major (cardiac) surgery and subsequent intensive care treatment on the development of
psychopathology. We evaluated the occurrence and determinants of future psychopathology
after cardiac surgery and intensive care treatment by investigating the existing literature and
existing patient data. Factors that possibly identify patients at risk for psychopathology after
intensive care unit (ICU) discharge, and could be suitable for – preventative – intervention
measures, were assessed.
After reviewing existing literature, indicative evidence for adverse neuropsychiatric
outcome associated with benzodiazepine use was found, which is in line with more recent
studies (1). Furthermore, high trait anxiety mediated the relation between stress exposure
before cardiac surgery and intensive care treatment, and the development of post-traumatic
stress disorder (PTSD) and depression symptoms after discharge. In contrast, intraoperative
dexamethasone administration could have beneficial effects, especially in female patients and
individuals in whom certain genetic variation of the glucocorticoid receptor (GR) is present.
Although uncertainties remain, the results presented in this thesis potentially contribute to
risk profiling of cardiac surgery patients subsequently admitted to the ICU, personalized
medical care, and patient follow up strategies.
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The role of benzodiazepines in the intensive care unit and thereafter
Sedatives are useful in the ICU to treat agitation, improve synchrony with mechanical
ventilation, and attenuate the physiological stress response. However, maintaining (deep)
sedation is associated with prolonged ICU stay, brain dysfunction, and long-term mortality
(2). In accordance with Society of Critical Care Medicine guidelines, light sedation can be
realized by applying daily sedation interruption or continuously targeting light sedation levels.
Although scientific evidence is still limited, both ways to achieve light sedation levels seem
safe and generally result in reduced sedative – e.g., benzodiazepine – exposure. Historically,
benzodiazepines are the medication class of choice for sedation in the ICU, and they are
still regularly used in this setting. To prevent associated neuropsychiatric morbidity, different
regimens are being proposed. Most frequently investigated are strategies where other types
of sedatives are used, and in which level of sedation varies over time. With regard to the first
option, dexmedetomidine received more and more attention in the past years. This highly
selective, central α2 agonist reduces norepinephrine release, thereby producing sedation,
anxiolysis, and sympatholysis. Its – in potential – nondeliriogenic properties were discussed
recently (3). While a direct preventative effect could not be proven, dexmedetomidine may
indirectly decrease incidence of delirium. Moreover, the use of dexmedetomidine could be
beneficial in attainment of light sedation goals, as recommended by the Society of Critical
Care Medicine (4).
While the deleterious effects of deep sedation are starting to become common
knowledge, estimating the direct beneficial effects of restrictive benzodiazepine use and light
sedation strategies, remain difficult (5). Confounding by indication is a major issue herein,
and cannot be ruled out based on our findings either. Nevertheless, Part I of this thesis
provides sufficient evidence for consideration of benzodiazepine use and level of sedation
when identifying and assessing (former) ICU patients at risk for adverse neuropsychiatric
outcomes.
Neuropsychiatric consequences of cardiac surgery and intensive care treatment:
who’s at risk?
Hypothalamic-pituitary-adrenal (HPA) axis functionality seems to play a role in the
development of neuropsychiatric morbidity on the long-term. When subjected to stress,
an adequate interplay between glucocorticoid (GR) and mineralocorticoid (MR) receptor
activity, normally protects body and mind from neuropsychiatric effects. Disruption of this
balance can have invalidating consequences, tangible up to years after discharge (6,7).
Potentially, administration of glucocorticoids (i.e., hydrocortisone) during stress
could ameliorate an imbalanced HPA axis response and thereby decrease the development
of psychopathology (8). This thesis could not provide conclusive evidence, although it should
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be noted that we examined the effect of dexamethasone rather than hydrocortisone. This is
complementary to findings of a large, recently published study concerning glucocorticoid use
in general, that also reported no significant impact on neuropsychiatric outcome after ICU
admission (9). Altogether, the current evidence for suitability of exogenous glucocorticoidbased interventions in order to prevent the development of psychopathology after cardiac
surgery and ICU stay, is still highly uncertain.
Perhaps narrowing down interventions to patients who are at high risk of developing
future psychopathology, is a first step. Especially in cardiac surgery patients, vulnerability
to psychopathology remains a serious issue; PTSD, depression, but also neurocognitive
impairments and other neuropsychiatric morbidity hamper health related quality of life and
affect rehabilitation (10). While Chapter 3 suggest that female patients in particular might
benefit from dexamethasone treatment, more substantial evidence is presented in Chapter
4 and Chapter 5 with regard to high trait anxiety and common genetic variability of the
GR. This thesis emphasizes the exquisite complexity of HPA axis functionality, influenced
by context and personality traits, and neurocognitive outcome to be sex-dependent
(11-15). Chapter 6 raises high trait anxiety as a target candidate for estimation of future
psychopathology vulnerability after cardiac surgery and ICU discharge (16).
A better understanding of the interdependent relationships between personality
traits, genetic predisposition, and pharmacological influences during cardiac surgery and the
recovery period is still needed. This thesis exposed several aspects that deserve particular
interest when further conceptualizing possible intervention options. First, the prevalence of
psychopathology was measured by validated questionnaires. Although it might be less feasible
in clinical practice, face to face diagnostic interviews are preferred to assess psychopathology
and required to diagnose PTSD and depression on a DSM 5 disorder level (17). Second,
replication in comparable cohorts is desirable for confirmation of our results; testing similar
hypotheses in general ICU cohorts (i.e., ICU cohorts consisting of patients with various
admission reasons) would contribute to the generalizability of our findings. Lastly, more
thorough – and if possible, prospective – collection of baseline risk profiling data, including
sex, psychiatric history, history of childhood trauma, and benzodiazepine and corticosteroid
use would contribute to formulate more definite answers.
Although adopting the concepts of personalized medicine in this setting is a relatively
new concept, identification of who is most at risk for developing psychopathology after ICU
stay could also be indicative for who is most receptive to potential intervention options.
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Stress-related psychopathology and the ICU: future perspectives and intervention
options
This thesis revealed various factors that can be taken into consideration, when assessing a
patients’ vulnerability to develop stress-related psychopathology after cardiac surgery and
ICU stay (Figure 1). Moreover, it explored HPA axis functionality and personality traits as
targets for intervention options at the time of stressful event and thereafter. Effectiveness of
possible preventative measures and intervention strategies is likely to depend on estimation
of vulnerability; who is prone to exert an inadequate adaptive stress response, and who will
show resilience is key in this setting.
Figure 1. Highlights of the possible interplay between the various factors assessed in this thesis.

Genetic variability in GR

Stressful (early) life events

High trait anxiety

Psychiatric history

ICU admission

Brain structure and function: sensitivity to stress

Psychopathology

Dexamethasone
Benzodiazepines

Determinants potentially increasing the risk on development of psychopathology depicted in red; potentially protective factors are shown in
green.
Abbreviation: CS, cardiac surgery; GR, glucocorticoid receptor; HPA axis, hypothalamic-pituitary-adrenal axis.

In the past decade, stress-related psychopathology after major surgery and intensive care
treatment, the postintensive care syndrome (PICS), and different rehabilitation measures have
received more and more attention. One of the interventions that showed most effectiveness
with regard to prevention of PTSD is the ICU diary (18). It is a low cost, highly acceptable, but
laborious tool. Also, it might be less practical in patients that are more severely ill and unable
to keep a record of daily events. This matter could be resolved by postponing implementation
of rehabilitation interventions to the post-ICU period, although overall effectiveness remains
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unclear. This might actually be due to the belated introduction (i.e., when symptoms of
physical and/or mental health impairment are already present).
Either way, realistic memories and truthful recall contribute to recovery and seem
to be essential cornerstones. One existing technique that could be easily applicable in the
ICU setting, is eye movement desensitization and reprocessing (EMDR) (19,20). Although
it is predominantly applied in patients who suffer from trauma-associated symptoms (e.g.,
PTSD), EMDR therapy could still be useful in patients with PTSD symptoms and other
comorbid psychiatric disorders, and improve affective symptoms (19). Nevertheless, the
specific therapeutic value is still subject of debate, and larger randomized controlled studies
comparing the effect of EMDR to standard practice (e.g., cognitive behavioral therapy) are
needed (21). More recent and innovative developments regarding renewed recollection,
comprehend the use of virtual reality (22). This promising technique could be applied
before and/or after hospital admission, thereby reducing fear induction and preventing the
development of future psychopathology. To ensure efficient applicability and identify which
of these and other interventions are most suitable, identification of patients at high risk to
develop psychiatric morbidity, as mentioned before, is crucial.

CONCLUSION
In conclusion, different factors that influence the occurrence of psychopathology related to
cardiac surgery and intensive care unit admission were outlined in this thesis. Various analyses
were conducted to comprehensively assess these factors, and their relation to stress-related
psychopathology. In particular, high trait anxiety and the use of benzodiazepines potentially
contribute to a patients’ risk for developing psychopathology. On the contrary, administering
dexamethasone intraoperatively might have a beneficial effect in female patients in this
setting. This effect is influenced by common genetic variation of its main target, namely the
GR, and most pronounced with regard to symptoms of PTSD.
Nevertheless, practical implementation of these factors and their potential in a
preventative setting has to be affirmed by research with a prospective design, taking sex,
psychiatric history, history of childhood trauma, and benzodiazepine and corticosteroid
use into account. In the meantime, with the current developments and rapidly developing
initiatives in mind, screening on high trait anxiety might already be a realistic and safe tool in
addition to existing (follow-up) strategies to reduce psychopathology after ICU stay.
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NEDERLANDSE SAMENVATTING
Het post-intensive care-syndroom
In Nederland worden jaarlijks ruim 80.000 patiënten opgenomen op de intensive care (IC).
Een deel van deze patiënten ervaart ook na ontslag uit het ziekenhuis fysieke, cognitieve en/
of psychische klachten. Na een jaar heeft ongeveer de helft van de patiënten nog lichamelijke
klachten, zoals spierzwakte of problemen met lopen. Ongeveer één op de vijf voormalige ICpatiënten ontwikkelt symptomen die passen bij een posttraumatische stressstoornis (PTSS);
één op de drie vertoont kenmerken van een depressie. Deze verschijnselen worden bij elkaar
het post-intensive care-syndroom (PICS) genoemd.
Ook patiënten die hartchirurgie ondergaan, worden postoperatief opgenomen op de
IC. Ondanks het doorgaans korte verblijf, komt PICS bij hen vaak voor. Het ondergaan van
een grote cardiologische ingreep, gevolgd door een opname op de intensive care, kan dan ook
als een stressvolle gebeurtenis worden gezien met negatieve gevolgen voor het postoperatieve
herstel en de kwaliteit van leven op de langere termijn.
Binnen het kader van PICS vestigt dit proefschrift de aandacht op stress-gerelateerde
psychopathologie in het algemeen, en de twee hierboven genoemde psychische aandoeningen
– PTSS en depressie – in het bijzonder PTSS kan optreden na blootstelling aan een stressvolle
of traumatische gebeurtenis, waarbij iemand geconfronteerd wordt met daadwerkelijke of
dreigende dood, ernstige verwondingen, bedreiging van de fysieke integriteit van zichzelf
of anderen, en daarnaast intense angst of hulpeloosheid ervaart. Deze ervaring kan leiden
tot voortdurende herbelevingen, die heftige emoties en lichamelijke reacties veroorzaken.
Veelvoorkomende symptomen zijn aanhoudende vermijding van prikkels die verband
houden met de traumatische gebeurtenis, negatieve veranderingen in gedachten en een
vlak affect. De aanwezigheid van hyperactivatie – zoals geïrriteerd zijn, roekeloosheid en
overdreven schrikreacties – in combinatie met de eerdergenoemde symptomen, veroorzaakt
een significante beperking in het dagelijks functioneren. Een depressie wordt gekenmerkt
door een sombere stemming en/of verlies van belangstelling of plezier in (bijna) alle
activiteiten. Ook kan er sprake zijn van slaapstoornissen, concentratieproblemen, gevoelens
van waardeloosheid en terugkerende gedachten aan de dood. Symptomen van PTSS en
depressie komen vaak gelijktijdig voor.
Kwetsbaarheid voor stress-gerelateerde psychopathologie
Aan of iemand gevoelig is voor het ontwikkelen van stress-gerelateerde psychopathologie na
hartchirurgie en een IC opname, liggen hoogstwaarschijnlijk meerdere factoren ten grondslag.
Ten eerste speelt het stress systeem – de hypothalamus-hypofyse-bijnier as – een cruciale
rol wanneer iemand zich aan moet passen aan een veranderende, stressvolle omgeving.
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Een verminderde functionaliteit van deze as draagt dan ook bij aan de
 ontwikkeling van
symptomen van PTSS en depressie.
Corticosteroïden zijn het eindproduct van de hypothalamus-hypofyse-bijnier as en
binden aan de glucocorticoïd receptor (GR) en – met een tien keer sterkere affiniteit – aan de
mineralocorticoïd receptor (MR). Op basis van dit verschil in affiniteit wordt de MR in rust
waarschijnlijk al in grote mate geactiveerd; acute stressoren daarentegen zorgen voornamelijk
voor activatie van de GR.
Naast de (door stress vrijkomende) endogene corticosteroïden, worden synthetische
corticosteroïden vaak perioperatief toegediend. Middelen als dexamethason kunnen de
ontstekingsreactie dempen en daarmee het risico op ernstige complicaties na hartchirurgie
verkleinen. Daarnaast beïnvloeden synthetische corticosteroïden ook de hypothalamushypofyse-bijnier as en hebben hierdoor een psychoactief effect. Andere psychoactieve
medicatie, zoals benzodiazepines, worden vaak gebruikt op de IC. Deze specifieke groep
medicijnen wordt de afgelopen jaren steeds vaker geassocieerd met psychopathologie; ook na
ontslag uit het ziekenhuis.
Naast de stress die hartchirurgie en IC opname met zich meebrengt, en de
psychoactieve medicatie die perioperatief worden toegediend, zijn er waarschijnlijk nog
andere factoren van invloed op de kwetsbaarheid van patiënten voor psychopathologie.
Blootstelling aan stress tijdens de jeugd kan bijvoorbeeld het vermogen om adequaat te
reageren op nieuwe stressoren, beïnvloeden. Mogelijk zou een veranderde responsiviteit
van de hypothalamus-hypofyse-bijnier as, en daarmee variatie in de voornaamste
corticosteroïdreceptoren (dat wil zeggen de GR, MR en de GR-regulerende receptor FKBP5)
een belangrijke rol kunnen spelen. Bovendien lijken bepaalde persoonlijkheidskenmerken
bepalend voor de kwetsbaarheid voor stress-gerelateerde psychopathologie. Tot slot is bekend
dat het vóórkomen van psychopathologie in de voorgeschiedenis de kans op het ontwikkelen
van een volgende episode, vergroot.
Er is relatief weinig bekend over bovenstaande potentiële risicofactoren in relatie
tot de kwetsbaarheid van patiënten die hartchirurgie hebben ondergaan en opgenomen zijn
geweest op de IC. Aangezien deze patiënten een aanzienlijk risico lopen op het ontwikkelen
van symptomen van PTSS en depressie, is het belangrijk om uit te zoeken welke van deze
factoren het meest bijdraagt. Ook worden de effecten van benzodiazepinen op het vóórkomen
van delirium, angst en cognitieve stoornissen besproken. Dit proefschrift beoogt factoren aan
het licht te brengen die van invloed kunnen zijn op het ontwikkelen van stress-gerelateerde
psychopathologie, en zo aanknopingspunten te vinden om het herstel van deze patiënten te
kunnen beïnvloeden.
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Overzicht van de hoofdstukken van dit proefschrift
In deel I van dit proefschrift is de mogelijke associatie tussen het gebruik van benzodiazepines
op de IC en het vóórkomen van verschillende vormen van stress-gerelateerde psychopathologie
– zowel tijdens een IC-opname als daarna – onderzocht. Ondanks grote verschillen in
studiekwaliteit en -grootte, werden benzodiazepines over het algemeen geïdentificeerd
als een risicofactor in de bestaande wetenschappelijke literatuur. Het meeste bewijs werd
gevonden voor een verband tussen benzodiazepine gebruik en delirium. Een mogelijk
werkingsmechanisme betreft het effect van benzodiazepines op de inhibitoire GABAA-receptor
tonus, en hiermee de netwerkconnectiviteit in het brein. Dit zou een oorzaak kunnen zijn voor
het verstoren van het bewustzijn, cognitieve stoornissen en agitatie welke vaak onderdeel zijn
van het delirante beeld. Hoewel het GABA-neurotransmittersysteem ook een belangrijke rol
zou kunnen spelen bij het ontstaan van symptomen van PTSS, depressie en angst, is het effect
van benzodiazepines op deze vormen van stress-gerelateerde psychopathologie minder goed
omschreven. Bovendien blijft het onduidelijk of – en zo ja, hoe – benzodiazepine gebruik
op de IC effect heeft op het ontstaan van psychopathologie na ontslag uit het ziekenhuis.
De mate waarin dosering, toedieningsduur en gelijktijdig gebruik van andere GABA-actieve
medicatie van invloed zijn, is ook nog onbekend.
In deel II van dit proefschrift lag de focus op de ontwikkeling van stress-gerelateerde
psychopathologie in een kwetsbare populatie, namelijk patiënten die hartchirurgie ondergaan
en postoperatief worden opgenomen op de IC. We hebben ons hierbij specifiek gericht op het
voorkomen van symptomen van PTSS en depressie, en verschillende – potentieel geassocieerde
– factoren bekeken. In Hoofdstuk 3 werden de effecten van peroperatieve dexamethason
toediening (in vergelijking met placebo) in relatie tot het ontwikkelen van symptomen van
PTSS en depressie, in kaart gebracht. Dexamethason bleek tot vier jaar na de operatie geen
gunstige, maar ook geen schadelijke effecten te hebben met betrekking tot het ontstaan van
stress-gerelateerde psychopathologie. Echter, post-hoc analyse liet een beschermend effect zien
van dexamethason in de vrouwelijke patiënten subgroep met betrekking op symptomen van
zowel PTSS als depressie. Deze bevinding is hypothese-genererend, en in overeenstemming
met het feit dat vrouwen gevoeliger zijn voor disregulatie van de hypothalamus-hypofysebijnier as, en anders reageren op de werking van corticosteroïden en stress.
In hoofdstuk 4 ligt de nadruk op de rol van persoonlijkheidskenmerken bij patiënten
die zijn blootgesteld aan hartchirurgie en postoperatief opgenomen zijn geweest op de IC. Er
werd bepaald hoe angstig iemand doorgaans is, wat een aanwijzing is voor neuroticisme; iets
dat veelvoorkomend is binnen deze patiënten populatie. We evalueerden de mogelijke relatie
tussen blootstelling aan stress gedurende het leven vóór de operatie en IC opname, en het
ontwikkelen van PTSS en depressieve symptomen nadien. Een hoge mate van angstigheid
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bleek deze relatie te mediëren, wat het testen op dit persoonlijkheidskenmerk geschikt maakt
voor screeningsdoeleinden. Onderzoek naar genetische variatie in de belangrijkste receptoren
van de hypothalamus-hypofyse-bijnier as (hoofdstuk 5) toonde aan dat het beschermende
effect van dexamethason op symptomen van PTSS afhankelijk was van bepaalde GR
polymorfismen, namelijk rs41423247, rs10052957 en rs6189. Verder werd er geen effect
op symptomen van een depressie of betrokkenheid van genetische variatie van de MR of
FKBP5 gevonden.
In hoofdstuk 6 werden factoren uit de voorgaande hoofdstukken geselecteerd,
gecombineerd met bewijs uit bestaande wetenschappelijke literatuur en samengevoegd in
één model. Deze resultaten ondersteunen de invloed van een angstige persoonlijkheid bij de
ontwikkeling van stress-gerelateerde psychopathologie. Daarnaast werd het mogelijk gunstige
effect van dexamethason in vrouwelijke patiënten op het ontstaan van deze symptomen na
hartchirurgie en postoperatieve IC opname, onderstreept.
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