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Abstract: This study aimed to identify predictors, especially cognitive predictors, of posttraumatic
stress symptoms (PTSS) and posttraumatic stress disorder (PTSD) in children 6 months after Paediatric
Intensive Care Unit (PICU) admission. Participants were 55 children aged 6–16, admitted to PICU for
at least 8 h. Medical data were collected from patient charts. Cognitive variables (peri-trauma affect,
cognitive processing and trauma memory) were assessed by interview and self-report questionnaires
2–4 weeks and 6 months following PICU admission. Acute PTSS at 2–4 weeks were assessed by
self-report questionnaire and PTSD at 6 months was assessed by clinical interview. Receiving
ketamine in PICU was the only non-cognitive variable associated with PTSS at 6 months. Peri-trauma
affect, cognitive processing, and trauma memory significantly and independently accounted for
21% of the variance in PTSS at 6 months even after controlling for acute PTSS (and ketamine). A
mediation analysis showed that peri-trauma affect indirectly influenced PTSS at 6 months through its
effect on cognitive processing. Conclusions: Cognitive variables significantly contribute to PTSS in
children, following PICU admission. Peri-trauma affect influenced PTSS only via disrupted cognitive
processing. Prevention or early intervention strategies aimed at helping children develop a complete,
contextual trauma narrative may be effective in reducing persistent posttraumatic stress responses in
children following PICU.
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1. Introduction

More than 13,000 children are admitted to Paediatric Intensive Care Units (PICUs) in
Australia and New Zealand each year [1]. In addition to the physical repercussions of criti-
cal illness and related treatment, up to 28% of children report elevated posttraumatic stress
symptoms (PTSS) in the acute aftermath of PICU discharge, and around 1 in 4 will meet
posttraumatic stress disorder (PTSD) criteria by 6 months post-discharge [2]. Persistent
posttraumatic stress responses have been associated with emotional dysfunction, adverse
physical health outcomes and poorer health-related quality of life [3–5]. The identification
of risk factors that trigger or maintain distress is important for screening and the develop-
ment of prevention and targeted intervention strategies to support children and families
after PICU discharge.

Few consistent pre-morbid and medically-related PTSD risk factors have been identi-
fied in the literature. Significant post-traumatic stress following PICU may be associated
with premorbid psychopathology [6], non-elective admission status [7] and parental PTSS
and psychopathology [6,8,9]. Age, gender and other demographic factors do not appear to
be associated with PTSS, nor do admission variables such as diagnosis, duration of mechan-
ical ventilation and duration of opiates/benzodiazepines [10]. Most studies have failed to
find an association between PTSS and objective measures of disease severity. Exposure to
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invasive treatment procedures and treatment intensity may be associated with acute, but
not long-term distress [11]. Conceptual models of psychological distress following trauma
have directed researchers to more subjective factors that improve our ability to identify
at-risk children after PICU.

Cognitive models (e.g., Ehler’s and Clark [12]) propose that PTSD arises, in part, as a
result of high levels of fear, dissociative reactions and a maladaptive cognitive processing
during a traumatic event. The nature of the ongoing trauma memory will depend on how
well the trauma was initially encoded. Data-driven processing (confused, disorganized
processing of sights, sounds and smells associated with the event) as opposed to conceptual
processing (clear, organized processing of meaningful aspects) will result in highly sensory
trauma memories that are poorly elaborated and difficult to recall intentionally. Maladap-
tive coping strategies such as avoidance and rumination will maintain PTSD symptoms.
Leaders in the field have suggested that cognitive models of PTSD in adults also apply
to children [13,14].

Evidence supporting the role of peri-trauma affect and memory processes, such as
encoding and recall of traumatic events, is emerging in children and adolescents. Peri-
trauma fear has been associated with PTSS in children [15,16]. In one study, confusion and
overall recall of an event approached significance as a predictor of PTSD 6 weeks post-
trauma, but not PTSS at 8 months post-trauma [12]. Associations have also been reported
between memories of a sensory nature and acute stress [16,17], and between data-driven
processing and acute stress symptoms or PTSS [17–19]. This emerging evidence highlights
the potential importance of peri-trauma affect and encoding in child PTSD. These factors
may be particularly salient for critically ill children, as their encoding and recall of events
occurring in the PICU are often highly compromised by the nature of their admission
and treatment (e.g., sedation and other medications, injury/illness-related factors such
as traumatic brain injury, neurosurgery, sepsis and delirium). In addition, Ehler’s and
Clark’s [12] model suggests that peri-trauma affect could influence the development of
PTSD directly, or indirectly through influencing cognitive processing during the event.
Identifying whether peri-trauma affect, such as acute fear and panic, are associated directly
with a risk of ongoing distress, or are perhaps partially or fully mediated by their influence
on cognitive processing, is important for early screening, assessment and development of
early intervention strategies.

In a previous paper, we reported that cognitive/affective factors including peri-trauma
affect, cognitive processing and acute sensory memory quality were significantly associ-
ated with acute PTSS in school-aged children and adolescents 2–4 weeks following PICU
discharge [20]. These variables significantly added to the prediction of acute PTSS over
and above significant premorbid and trauma characteristics (age, admission for traumatic
injury), increasing the explained variance from 18% to 38%. The purpose of the current
study was to investigate whether acute cognitive factors are important in children’s long-
term distress following PICU admission. Specifically, this study followed up the sample
described in Dow et al. [20] at 6 months post-discharge to (1) identify the predictors of PTSS
in children 6 months post-PICU; (2) explore whether cognitive factors add to the prediction
of PTSS at 6 months, over and above premorbid and trauma characteristics and (3) explore
whether any association between peri-trauma affect and PTSS at 6 months is mediated by
disrupted cognitive processing.

2. Materials and Methods
2.1. Sample and Setting

Participants were recruited as part of a wider prospective longitudinal study investigat-
ing the psychological impact of PICU admission on children. Families of surviving children
aged 6–16, admitted to the Royal Children’s Hospital PICU, Brisbane, Australia for at least
8 h from June 2008 to January 2011, were recruited consecutively. Exclusion criteria were:
(a) any prior PICU admission; (b) admission > 28 days; (c) post-traumatic amnesia > 28 days;
(d) non-accidental injury; and (e) developmental delay or intellectual impairment.
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2.2. Measures
2.2.1. Premorbid and Trauma Characteristics

Demographic information and premorbid information were obtained via parent ques-
tionnaire. Medical data were obtained from patient charts. Data obtained included age
at PICU admission, gender, prior trauma exposure (number of prior traumas), parent’s
report of child exposure to any distressing events in PICU (yes/no), whether another
patient died in the unit during the child’s admission (as a specific, potentially distressing
event exposure for the child and/or family; yes/no), premorbid behavioural/emotional
problems (yes/no), length of stay in PICU > 48 h (yes/no), admission for traumatic injury,
number of invasive procedures, ventilation (yes/no), intubation (yes/no), received specific
medication agent (midazolam, morphine, propofol, ketamine; yes/no). Illness severity
was measured with the Revised Paediatric Index of Mortality (PIM2; Slater et al., 2003).
The PIM2 is a regression model that uses admission data (e.g., blood pressure, diagnosis,
mechanical ventilation) to predict intensive care outcome for children. Scores indicated risk
of death at admission (%). For further detail of how trauma characteristics were measured
and operationalised, see [20].

2.2.2. PTSS and PTSD

Acute PTSS (at 2–4 weeks post-PICU) were assessed with the self-report Children’s
Revised Impact of Event Scale (CRIES-13; 21). The scale provides a continuous score of
PTSS, although a score of 30 or above represents a clinically elevated score. The CRIES-13
has acceptable internal consistency (α = 0.80–0.87) and convergent validity with other
scales [21,22]. PTSD symptom severity and PTSD diagnosis were assessed using the Chil-
dren’s PTSD Inventory (CPTSDI; 23). The CPTSDI is a DSM-IV-based clinician-administered
diagnostic interview assessing PTSD in youth aged 7–18 years. The CPTSDI is supported by
strong psychometric properties, with excellent content validity and concurrent validity with
other well-established PTSD interviews. Overall diagnostic agreement has been reported
as 0.93–0.95 [23,24]. In this study, the total number of Criterion B, C and D symptoms
endorsed on the CPTSDI were summed to create the main dependent variable “PTSS at
6 months.” PTSD diagnosis was also calculated in accordance with an alternative algorithm
(PTSD-AA; [25]) that has been shown to better identify children suffering distress and
functional impairment [26].

2.2.3. Cognitive Variables

Several cognitive/affective items (where indicated) were derived from the Intensive
Care Unit Memory Tool (ICUMT; [27]), completed during the acute assessment. The
ICUMT assesses patients’ recall of their admission. It was developed for use in adults,
but it has been successfully used in a sample of PICU survivors aged 7–17 years [7]. The
wording of some items was simplified or modified for use with children, as described in
Dow et al., [20].

Peri-Trauma Affect

All items were from the ICUMT and were dichotomously scored. Peri-trauma fear was
assessed by one item, “When you were in Intensive Care, did you feel scared, frightened or
worried?” Peri-trauma panic was assessed by one item “When you were in Intensive Care,
did you feel like you were going to panic?” Peri-trauma sadness was assessed by one item,
“When you were in Intensive Care, did you feel sad or unhappy?”

Peri-Trauma Cognitive Processing

Items were from the ICUMT. Data-driven processing was assessed by one item (hence-
forth called Confusion), “When you were in Intensive Care, were you confused?” This item
was used to assess data-driven processing by Ehlers et al., (2003) although their item was
scored on a three-point scale. Peri-trauma delusions. Children were scored as experiencing
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delusions if they endorsed any ‘delusional’ item from the ICUM (nightmares, weird dreams,
hallucinations, paranoid delusions).

Acute Trauma Memory

Total PICU recall was assessed by one item, “How much do you remember of your stay
in Intensive Care?” (rated on a 5-point scale from ‘nothing’ to ‘everything’). Acute sensory
memory quality was assessed by the Trauma Memory Quality Questionnaire (TMQQ; [28]).
The TMQQ is an 11-item self-report measure that assesses the sensory quality and temporal
context of children’s trauma memories, and the extent to which the memories are verbally
accessible. The scale has been used with children aged 7 years and older [17]. Higher scores
indicate memories of a more sensory, less verbally accessible nature.

2.3. Procedure

Eligible families were invited to participate in the study upon discharge from PICU
(n = 19; 35%), or by letter immediately following discharge (n = 36; 65%). Once writ-
ten informed consent was obtained from parents and children aged 10 and older, fami-
lies completed an acute assessment 2–4 weeks following PICU discharge (Mdn = 23 days,
R = 9–46 days) and a follow-up assessment 6 months following PICU discharge
(Mdn = 6.9 months, R = 5.4–8.7 months). At the acute assessment, parents and children
completed questionnaires and children completed an interview (ICUMT). Interviews were
conducted by phone or during outpatient visits. At 6-month follow-up, children completed
questionnaires and a PTSD assessment via interview (CPTSDI). Interviews were conducted
at the family home, by phone or during outpatient visits. This study was approved and
conducted in accordance with the University of Queensland Medical Research Ethics
Committee and the Royal Children’s Hospital Human Research and Ethics Committee.

2.4. Data Analysis

All analyses were performed using the Statistical Package for Social Sciences (SPSS 19.0;
Chicago, IL, USA). Bivariate correlations were conducted to identify associations between
PTSS at 6 months and premorbid variables, trauma characteristics, and cognitive/affective
variables. Bivariate correlations were also conducted between significant independent
variables. Phi coefficients are reported for correlations between dichotomous variables;
point biserial correlations are reported between dichotomous and continuous variables.
Cognitive variables with high inter-correlations were combined to reduce the risk of over-
inflating the regression model and to retain power.

Significant predictors were then entered into a hierarchical multiple regression analysis.
Acute PTSS was entered in the first block, trauma characteristics in the second block and
cognitive/affective variables were entered in the third block. The analysis was repeated in
a logistic regression model with PTSD-AA diagnosis as the dependent variable.

Finally, a simple mediation analysis, conducted using ordinary least squares path anal-
ysis (via Hayes Process Macro for SPSS), was conducted to determine whether cognitive
processing mediated the relationship between peri-trauma affect and PTSS at 6 months.
We utilized a bootstrapping procedure [29] in which 95% CIs were used and 10,000 boot-
strapping resamples were run.

3. Results
3.1. Demographics

Of 196 eligible families invited to participate, 70 children provided complete question-
naire and interview data 2–4 weeks following PICU discharge and of these, 55 children
completed questionnaires and interviews 6 months following PICU discharge (15 dropouts:
4—unable to contact; 4—no concerns; 3—too busy; 2—child died; 2—incomplete data at
6 months). There were no significant differences between the final 55 participants and those
who dropped out with regard to age (t = 1.71, p = 0.09), gender (χ2 = 1.15, p = 0.56), duration
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of PICU admission (t = −1.71, p = 0.09), risk of death (t = −1.28, p = 0.21) or acute PTSS
(t = −1.99, p = 0.05). Sample characteristics are presented in Table 1.

Table 1. Sample characteristics (n = 55).

Characteristic n (%) M (SD)

Age, years 10.78 (2.65)
Gender, male 32 (58%)
Family of origin, both biological parents a 38 (69%)
Participating parent’s highest level of education a

Did not complete high school 6 (11%)
Completed high school 7 (13%)
College certificate 16 (29%)
University degree 19 (35%)

Prior trauma exposure a (# of traumas) 1.39 (1.42)
Premorbid behavioural problems a 5 (11%)
Length of stay in PICU > 48 h 12 (22%)
PIM2 Risk of Mortality 1.81 (2.55)
Mechanically ventilated 16 (29%)
Reason for admission

Post-operative care 22 (40%)
Traumatic Injury 13 (24%)
Respiratory 6 (11%)
Other 14 (25%)

Admission status, elective 21 (38%)
Number of invasive procedures 4.98 (4.98)
Received therapeutic agents

Midazolam 13 (24%)
Morphine 28 (51%)
Propofol 9 (16%)
Ketamine 13 (24%)

Other patient death during admission 5 (9%)
Exposed to distressing event in PICU a 3 (6%)
Acute PTSS (>30 = elevated) 19.87 (18.00)
Peri-trauma affect

Peri-trauma fear 21 (38%)
Peri-trauma panic 19 (35%)
Peri-trauma sadness 21 (38%)

Cognitive variables
Confusion 27 (49%)
Delusional experiences 28 (51%)
Total PICU recall 1.91 (1.09)
Sensory memory quality 23.75 (5.58)

a Data missing for 6 families. # = Number.

3.2. Predictors of PTSS at 6 Months

The mean PTSS at 6 months score was 4.87 symptoms (SD = 4.00). Associations between
PTSS at 6 months, and premorbid and trauma characteristics and cognitive variables are
presented in Table 2. Receiving ketamine was the only significant trauma characteristic
associated with PTSS at 6 months post-discharge. All of the peri-trauma affect variables were
significant predictors, as were the cognitive processing variables and sensory memory quality.

Bivariate correlations between predictors are reported in Table 3. Significant associ-
ations were found between the three peri-trauma affect variables (fear, panic, sadness),
and the two indictors of cognitive processing (confusion, delusions). These items were
combined to form two factors for the following analyses.

Significant predictors were entered into a hierarchical multiple regression analysis.
The model is presented in Table 4. To investigate whether significant predictors explained
variance in PTSS at 6 months over and above their contribution to acute PTSS, acute PTSS
was entered in the first step. It accounted for 22% of the variance in PTSS at 6 months
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(adjusted R2 = 0.21, F (1, 53) = 14.78, p < 0.001). With the addition of ketamine at Step 2,
the model accounted for 32% of the variance in PTSS at 6 months (adjusted R2 = 0.30,
F (2, 52) = 12.00, p < 0.001). The cognitive variables were entered in the third step. With
peri-trauma affect, cognitive processing and acute sensory memory quality at 6 months
included at Step 3, the model accounted for 55% of the variance (adjusted R2 = 0.50,
F (5, 49) = 7.75, p < 0.001). Each block significantly improved the prediction of PTSS at
6 months. Inspection of the final model indicated that the combined peri-trauma affect
variable did not significantly contribute to the variance explained. Peri-trauma affect was
highly correlated with disrupted cognitive processing (Spearman’s ρ = 0.52, p < 0.001).

Table 2. Bivariate correlations between premorbid/peri-trauma/cognitive variables and (1) PTSS at
6 months and (2) PTSD-AA Diagnosis (n = 55).

Variables PTSS
at 6 Months

PTDS-AA
Positive

Premorbid factors
Age 0.02 −0.05
Gender 0.08 0.11
Prior trauma exposure a 0.15 −0.04
Premorbid behavioural problems a 0.23 0.09

Trauma characteristics
Disease-related
Length of stay in PICU > 48 h 0.02 0.05
PIM2 Risk of death 0.05 0.06
Admission for traumatic injury 0.01 0.02
Treatment-related
Number of invasive procedures 0.12 0.16
Mechanically ventilated 0.12 0.03
Intubated 0.08 0.01
Therapeutic agents

Midazolam 0.12 0.12
Morphine 0.22 0.23
Propofol 0.06 0.04
Ketamine 0.33 * 0.21

Environment-related
Other patient death during admission 0.01 0.08
Exposed to distressing event in PICU a 0.03 0.05

Peri-trauma affect
Peri-trauma fear 0.28 * 0.24
Peri-trauma panic 0.47 *** 0.38 **
Peri-trauma sadness 0.27 * 0.24

Cognitive variables
Peri-trauma cognitive processing
Confusion 0.45 ** 0.33 *
Delusional experiences 0.47 *** 0.38 **
Acute trauma memory
Total PICU recall −0.13 0.02
Sensory memory quality 0.42 ** 0.38 **

* p < 0.05, ** p < 0.01, *** p < 0.001. a data are missing for 6 families. Note: Point biserial correlations are reported
between continuous and dichotomous variables. Phi coefficients are reported for correlations between PTSD-AA
diagnosis and dichotomous variables.

Table 3. Bivariate correlations between significant independent variables (n = 55).

Variables Acute
PTSS

Peri-Trauma
Fear

Peri-Trauma
Panic

Peri-Trauma
Sadness

Confusion Peri-
Trauma

Delusions

Acute
Sensory
Memory
Quality

Ketamine −0.062 −0.085 0.046 −0.173 0.139 0.094 −0.052
Acute PTSS - 0.195 0.368 ** 0.213 0.356 ** 0.299 * 0.437 ***
Peri-trauma fear - - 0.452 *** 0.461 *** 0.501 *** 0.260 0.077
Peri-trauma panic - - - 0.531 *** 0.204 0.412 ** 0.359 **
Peri-trauma sadness - - - - 0.201 0.485 *** 0.314 *
Confusion - - - - - 0.345 * 0.157
Peri-trauma delusions - - - - - - 0.240

* p < 0.05, ** p < 0.01, *** p < 0.001. Note: Phi coefficients are reported for correlations between two dichotomous
variables; Point biserial correlations are reported between dichotomous and continuous variables.
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Table 4. Hierarchical regression analysis of PTSS at 6 months (CPTSDI total symptoms).

B SE B β R2 ∆R2

Step 1 0.21 *** 0.21 ***
Acute PTSS 0.13 0.04 0.46 ***

Step 2 0.34 *** 0.13 **
Acute PTSS 0.14 0.03 0.48 ***
Ketamine 3.04 0.95 0.36 **

Step 3 0.55 *** 0.21 ***
Acute PTSS 0.07 0.03 0.23 *
Ketamine 2.81 0.83 0.33 **
Peri-trauma affect 0.41 0.36 0.14
Peri-trauma cognitive processing 1.39 0.49 0.33 **
Acute sensory memory quality 0.16 0.07 0.24 *

* p < 0.05, ** p < 0.01, *** p < 0.001.

3.3. Predictors of PTSD-AA

In this sample, 16 (29%) patients met PTSD-AA criteria 6 months post-discharge.
Associations between PTSD-AA, and premorbid and trauma characteristics and cognitive
variables are also presented in Table 2. The pattern of significant and non-significant
predictors of PTSD-AA was generally consistent with that of PTSS at 6 months, so the same
model of independent predictors was used for PTSD-AA.

To determine the utility of the model in predicting PTSD diagnosis, a logistic regression
analysis was conducted with PTSD-AA as the dependent variable. Results are presented in
Table 5. At Step 1, acute PTSS significantly predicted PTSD-AA, (71% children correctly
classified; χ2 = 5.30, p = 0.02). At Step 2, inclusion of ketamine did not significantly improve
the model (78% of children correctly classified, χ2 = 3.22, p = 0.07). At Step 3, addition of
the cognitive variables significantly improved the model and resulted in 80% of children
correctly classified (χ2 = 10.31, p = 0.02). Inclusion of the cognitive variables in Step 3
resulted in a significantly better predictive model (Cox and Snell R2 increased from 0.14
at Step 2 to 0.29 at Step 3; Nagelkerke R2 increased from 0.21 to 0.41; sensitivity increased
from 0.31 to 0.56).

Table 5. Hierarchical regression analysis of PTSD-AA.

Independent
Variables B SE B OR 95% CI for OR χ2

STEP χ2
MODEL

Correctly
Classified

Cox & Snell
R2

Negelkerke
R2

Step 1 5.30 * 5.30 * 71% 0.10 0.10
Acute PTSS 0.06 0.03 1.06 * 1.01–1.11

Step 2 3.22 (*) 8.53 * 78% 0.14 0.14
Acute PTSS 0.06 0.03 1.07 * 1.01–1.13
Ketamine 1.30 0.73 3.65 (*) 0.88–15.23

Step 3 10.31 * 18.84 ** 80% 0.29 0.29
Acute PTSS 0.02 0.04 1.02 0.95–1.10
Ketamine 1.32 0.86 3.74 0.69–20.33
Peri-trauma affect 0.26 0.35 1.30 0.65–2.58
Peri-trauma cognitive processing 0.83 0.51 2.30 0.84–6.29
Acute sensory memory quality 0.13 0.08 1.14 0.97–1.32

(*) p < 0.10, * p < 0.05, ** p < 0.01, OR = odds ratio.

3.4. Mediation Analysis

A mediation analysis was conducted to determine whether cognitive processing medi-
ated the relationship between peri-trauma affect and PTSS at 6 months [29]. The analysis
showed that peri-trauma affect indirectly influenced PTSS at 6 months, through its effect
on cognitive processing. As shown in Figure 1 and Table 6, children who reported greater
peri-trauma affect (fear, sadness and panic) also reported more disruptions to cognitive
processing (confusion, delusions; a = 0.3656), and children reporting more disrupted cogni-
tive processing reported greater PTSS at 6 months (b = 1.8960). A 95% bootstrap confidence
interval for the indirect effect (ab = 0.6931) based on 10,000 bootstrap samples was entirely
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above zero (0.2642 to 1.3485). There was no evidence that peri-trauma affect influenced
PTSS at 6 months, independent of its effect on cognitive processing (c’ = 0.5911, p = 0.152).
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Table 6. Simple mediation model coefficients for the relationship between peri-trauma affect and
PTSS as mediated by cognitive processing.

Antecedent

Consequent

Cognitive Processing PTSS at 6 Months

Coeff. SE p Coeff. SE p

Peri-trauma affect a 0.3656 0.0844 0.0001 c’ 0.5911 0.4070 0.152
Cognitive processing - - - b 1.8960 0.5690 0.002
Constant iM 0.5036 0.1362 <0.001 iY 2.4935 0.6327 <0.001

R2 = 0.2613 R2 = 0.3210
F (1, 53) = 18.74, p < 0.001 F (2, 52) = 12.29, p < 0.001

4. Discussion

The purpose of this study was to identify predictors of PTSS and PTSD-AA at 6 months
following PICU admission. In particular, this study sought to explore the role of cogni-
tive factors in children’s long-term posttraumatic stress. This study makes a valuable
contribution to the literature, as there are few existing longitudinal studies exploring the
factors associated with the onset and maintenance of PTSS in children following PICU. Few
premorbid or trauma characteristics predicted children’s PTSS or PTSD-AA at 6 months
post-PICU. Receiving ketamine during admission was the only significant trauma char-
acteristic. Ketamine is a dissociative anesthetic, usually administered intravenously with
morphine, often being the first-line, preferred analgesic. Is it often used PRN for specific
procedures (e.g., burns dressings), or as a continuous infusion for secondary management
of pain. Reported emergence reactions include distortions in perceptions of sight and
sound, alterations in mood, feelings of detachment from the environment and self, hal-
lucinations, delirium and amnesia [30]. Age and admission for traumatic injury, which
were found to be associated with children’s acute PTSS in a previous paper [20], were
not associated with children’s PTSS at 6 months. This is consistent with findings of Le
Brocque and colleagues [31] that younger children are more likely to show elevated PTSS
that remit over time, compared to showing a stable, resilient trajectory. Objective measures
of disease severity and other trauma characteristics were not predictive of PTSS at 6 months,
consistent with findings in other paediatric patients [32].

In contrast, several cognitive variables were associated with PTSS and PTSD-AA
diagnosis. Together, peri-trauma affect, peri-trauma processing and acute sensory memory
quality significantly predicted PTSS and PTSD-AA 6 months post-trauma, even after
controlling for PTSS 2–4 weeks post-trauma. Acute PTSS and ketamine accounted for 34%
of the variance in PTSS at 6 months. Addition of the cognitive variables increased the
predictive power of the model to 55% accountable variance. These results were mirrored for
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the prediction of PTSD-AA diagnosis. Acute PTSS and ketamine resulted in 78% of children
correctly classified. Addition of the cognitive variables slightly increased the predictive
value of the model and resulted in 80% of children being correctly classified. The sensitivity
of the model increased from 0.31 to 0.56, suggesting the final model was better at detecting
distress where it was present.

Consistent with Ehlers and Clark’s model [12], these results suggest that the quality
of cognitive processing during a traumatic experience plays a significant role in child
PTSS up to at least 6 months post-trauma. Peri-trauma processing predicted PTSS at
6 months, after controlling for acute PTSS and trauma memory. Peri-trauma affect was
also predictive of PTSS at 6 months, although the relationship was fully mediated by
peri-trauma cognitive processing. This suggests that fear, panic and sadness experienced
during an event influences PTSS only by influencing children’s encoding or memory of the
event. This is consistent with evidence in adults that arousal during encoding appears to
narrow attention such that only select cues are attended to and there is a failure to integrate
contextual cues [33]. Sensory memory quality in the acute phase post-trauma was also
found to be involved in the onset and maintenance of PTSS over time. Thus, children who
leave PICU with sensory and fragmented memories (and those who received ketamine) are
at greater risk of persistent or long-term PTSS/PTSD.

The results of this study, together with our previous findings relating to children’s
acute distress following PICU admission, highlight the importance of cognitive factors
in the initial development and maintenance of posttraumatic stress in children following
PICU admission. Given the high prevalence of PTSS and PTSD-AA in children follow-
ing PICU admission, the identification of such factors indicates the need for prevention
and intervention strategies to help school-aged children and adolescents cognitively ac-
commodate their experiences in PICU and the consequences of their admission. Early
strategies in PICU, or shortly after discharge, might aim to promote better peri-trauma
processing and/or promote contextual understanding and integration of trauma memories.
For example, where possible, providing information to children prior to or during PICU
admission about their illness and treatment may encourage more meaningful peri-trauma
processing, although there may be limited opportunity for this when children are sedated
or highly medicated. Opportunities for at-risk children to discuss their admission shortly
after discharge, and gain more contextual information about their PICU admission, may
promote more adaptive, meaningful trauma memories. This may be supported by the use
of a personal storybook about their PICU admission, specific advice for parents on how
to talk to their children about the admission, or processing through drawing and play for
younger children (with parents correcting misunderstandings, delusions, hallucinations).
As trauma memory may be involved in maintaining PTSS over time, children who expe-
rience ongoing posttraumatic stress may benefit from exposure therapy with a focus on
developing complete, factual trauma narratives that are less sensory and more verbally
accessible in nature.

This study has a number of limitations that should be acknowledged. Firstly, the
sample size is modest and replication of the current findings in larger samples is required.
Furthermore, the participation rate suggests that these findings may not be representative
of the entire PICU population. Although no significant differences were found between
those who completed the acute assessment and those who dropped out, there was a trend
for children with lower levels of acute distress to withdraw from the study prior to follow-
up. Secondly, data-driven processing (confusion), peri-trauma fear, panic and sadness
were assessed by single, dichotomous items. As noted by Ehlers et al. [12], the correlations
between single items and PTSS are likely to underestimate the true relationship, due to
increased error variance from measurement error. Thirdly, our primary focus was to explore
encoding and trauma memory and we did not assess children’s appraisals, which are a key
component of Ehlers and Clark’s [20] model. We also did not report on parental PTSS as
a potential risk or maintaining factor, instead focusing on child factors. These represent
opportunities for further research. Finally, it should be acknowledged that the importance
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of cognitive factors, as found in this study, may not be applicable to younger children,
given the likely variations in the cognitive, language and memory abilities of children aged
under 6 years.

5. Conclusions

In summary, the results of this follow-up study of PICU survivors show that receiving
ketamine in PICU, peri-trauma affect, peri-trauma cognitive processing and acute trauma
memory quality significantly contribute to children’s PTSS at 6 months, even after ac-
counting for the influence of acute PTSS. These results suggest that preventative or early
intervention strategies, aimed at helping children develop a complete, contextual trauma
narrative that is less sensory in nature, more easily verbalized and more amenable to change
once further information is available, may be effective in reducing chronic posttraumatic
stress responses in children following PICU.

Author Contributions: Conceptualization, B.L.D., J.A.K., R.M.L.B. and D.A.L.; methodology, B.L.D.
and J.A.K. writing—original draft preparation, B.L.D.; writing—review and editing, B.L.D., J.A.K.,
R.M.L.B. and D.A.L.; supervision, J.A.K., R.M.L.B. and D.A.L.; project administration, B.L.D. and
R.M.L.B. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by a Royal Children’s Hospital Foundation “Near Miss” Research
Grant (Grant no. 10261). B.L.D. was also supported by an Australian Postgraduate Award, Royal
Children’s Hospital Foundation Top-Up Scholarship, CONROD Top-Up Scholarship and the UQ
Joseph Sleight Bursary.

Institutional Review Board Statement: The study was conducted in accordance with the Decla-
ration of Helsinki, and approved by the University of Queensland Human Research Ethics Com-
mittee ([HREC], Ref: 20080000979), and the Royal Children’s Hospital research ethics commit-
tee (20080000979).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available consistent with the Information Privacy Act
(Qld) 2009, the Privacy Act (Cth) 1988, and the ethical standards outlined in the National Statement
on Ethical Conduct in Human Research (2007)—Updated 2015.

Acknowledgments: The authors would like to thank all families who participated in this research study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Australian and New Zealand Paediatric Intensive Care Registry. ANZICS Centre for Outcome and Resource Evaluation 2020

Report Melbourne, Australia. 2020. Available online: https://www.anzics.com.au/australian-and-new-zealand-paediatric-
intensive-care-registry-anzpicr/ (accessed on 22 March 2023).

2. Dow, B.L.; Kenardy, J.; Le Brocque, R.; Long, D. Brief Report: The utility of the Children’s Revised Impact of Event Scale in
screening for Posttraumatic Stress Disorder in children following admission to Intensive Care. J. Trauma. Stress 2012, 25, 602–605.
[CrossRef]

3. Landolt, M.A.; Buehlmann, C.; Maag, T.; Schiestl, C. Brief Report: Quality of life is impaired in pediatric burn survivors with
posttraumatic stress disorder. J. Pediatr. Psychol. 2009, 34, 14–21. [CrossRef]

4. Seng, J.S.; Graham-Bermann, S.A.; Clark, C.R.; McCarthy, A.M.; Ronis, D.L. Posttraumatic stress disorder and physical comorbidity
among female children and adolescents: Results from service-use data. Pediatrics 2005, 116, 767–776. [CrossRef] [PubMed]

5. Zatzick, D.F.; Jurkovich, G.J.; Fan, M.Y.; Grossman, D.; Russo, J.; Katon, W.; Rivara, F.P. Association between posttraumatic stress
and depressive symptoms and functional outcomes in adolescents followed up longitudinally after injury hospitalization. Arch.
Pediatr. Adolesc. Med. 2008, 162, 642–648. [CrossRef] [PubMed]

6. Shears, D.; Nadel, S.; Gledhill, J.; Garralda, M.E. Short-term psychiatric adjustment of children and their parents following
meningoccal disease. Pediatr. Crit. Care Med. 2005, 6, 39–43. [CrossRef] [PubMed]

7. Colville, G.; Kerry, S.; Pierce, C. Children’s factual and delusional memories of Intensive Care. Am. J. Respir. Crit. Care Med. 2008,
177, 976–982. [CrossRef] [PubMed]

8. Bronner, M.B.; Knoester, H.; Bos, A.P.; Last, B.F.; Grootenhuis, M.A. Follow-up after paediatric intensive care treatment: Parental
posttraumatic stress. Acta Paediatr. 2008, 97, 181–186. [CrossRef] [PubMed]

https://www.anzics.com.au/australian-and-new-zealand-paediatric-intensive-care-registry-anzpicr/
https://www.anzics.com.au/australian-and-new-zealand-paediatric-intensive-care-registry-anzpicr/
https://doi.org/10.1002/jts.21742
https://doi.org/10.1093/jpepsy/jsm088
https://doi.org/10.1542/peds.2005-0608
https://www.ncbi.nlm.nih.gov/pubmed/16322133
https://doi.org/10.1001/archpedi.162.7.642
https://www.ncbi.nlm.nih.gov/pubmed/18606935
https://doi.org/10.1097/01.PCC.0000144705.81825.EE
https://www.ncbi.nlm.nih.gov/pubmed/15636657
https://doi.org/10.1164/rccm.200706-857OC
https://www.ncbi.nlm.nih.gov/pubmed/18244955
https://doi.org/10.1111/j.1651-2227.2007.00600.x
https://www.ncbi.nlm.nih.gov/pubmed/18254907


Trauma Care 2023, 3 92

9. Rees, G.; Gledhill, J.; Garralda, M.E.; Nadel, S. Psychiatric outcome following paediatric intensive care unit (PICU) admission: A
cohort study. Intensive Care Med. 2004, 30, 1607–1614. [CrossRef] [PubMed]

10. Dow, B.; Kenardy, J.; Long, D.; Le Brocque, R. Children’s post-traumatic stress and the role of memory following admission to
intensive care: A review. Clin. Psychol. 2012, 16, 1–14. [CrossRef]

11. Rennick, J.E.; Johnston, C.C.; Dougherty, G.; Platt, R.; Ritchie, J.A. Children’s psychological responses after critical illness and
exposure to invasive technology. J. Dev. Behav. Pediatr. JDBP 2002, 23, 133–144. [CrossRef]

12. Ehlers, A.; Clark, D.M. A cognitive model of posttraumatic stress disorder. Behav. Res. Ther. 2000, 38, 319–345. [CrossRef]
13. Marsac, M.L.; Kassam-Adams, N.; Delahanty, D.L.; Widaman, K.; Barakat, L.P. Posttraumatic stress following acute medical

trauma in children: A proposed model of bio-psycho-social processes during the peri-trauma period. Clin. Child Fam. Psychol.
Rev. 2014, 17, 399–411. [CrossRef]

14. Meiser-Stedman, R. Towards a cognitive-behavioral model of PTSD in children and adolescents. Clin. Child Fam. Psychol. Rev.
2002, 5, 217–232. [CrossRef] [PubMed]

15. Kassam-Adams, N.; Winston, F. Predicting Child PTSD: The relationship between Acute Stress Disorder and PTSD in injured
children. J. Am. Acad. Child Adolesc. Psychiatry 2004, 43, 403–411. [CrossRef] [PubMed]

16. Meiser-Stedman, R.; Dalgleish, T.; Smith, P.; Yule, W.; Glucksman, E. Diagnostic, demographic, memory quality, and cognitive
variables associated with acute stress disorder in children and adolescents. J. Abnorm. Psychol. 2007, 116, 65–79. [CrossRef]

17. McKinnon, A.C.; Nixon, R.D.V.; Brewer, N. The influence of data-driven processing on perceptions of memory quality and
intrusive symptoms in children following traumatic events. Behav. Res. Ther. 2008, 46, 766–775. [CrossRef] [PubMed]

18. Ehlers, A.; Mayou, R.A.; Bryant, B. Cognitive predictors of posttraumatic stress disorder in children: Results of a prospective
longitudinal study. Behav. Res. Ther. 2003, 41, 1–10. [CrossRef] [PubMed]

19. McKinnon, A.; Brewer, N.; Cameron, K.; Nixon, R.D.V. The relationship between processing style, trauma memory processes, and
the development of posttraumatic stress symptoms in children and adolescents. J. Behav. Ther. Exp. Psychiatry 2017, 57, 135–142.
[CrossRef] [PubMed]

20. Dow, B.L.; Kenardy, J.A.; Long, D.A.; Le Brocque, R.M. Cognitive/Affective Factors are Associated with Children’s Acute
Posttraumatic Stress Following Pediatric Intensive Care. Psychol. Trauma Theory Res. Pract. Policy 2019, 11, 55–63. [CrossRef]

21. Smith, P.; Perrin, S.; Dyregrov, A.; Yule, W. Principal components analysis of the Impact of Event Scale with children in war.
Personal. Individ. Differ. 2003, 34, 315–322. [CrossRef]

22. Giannopoulou, I.; Smith, P.; Ecker, C.; Strouthos, M.; Dikaiakou, A.; Yule, W. Factor structure of the Children’s Revised Impact of
Event Scale (CRIES) with children exposed to earthquake. Personal. Individ. Differ. 2006, 40, 1027–1037. [CrossRef]

23. Saigh, P.A.; Yasik, A.E.; Oberfield, R.A.; Green, B.L.; Halamandaris, P.V.; Rubenstein, H.; Nester, J.; Resko, J.; Hetz, B.; McHugh, M.
The Children’s PTSD Inventory: Development and reliability. J. Trauma. Stress 2000, 13, 369–380. [CrossRef] [PubMed]

24. Yasik, A.E.; Saigh, P.A.; Oberfield, R.A.; Green, B.; Halamandaris, P.; McHugh, M. The validity of the Children’s PTSD Inventory.
J. Trauma. Stress 2001, 14, 81–94. [CrossRef]

25. Scheeringa, M.S.; Wright, M.J.; Hunt, J.P.; Zeanah, C.H. Factors affecting the diagnosis and prediction of PTSD symptomatology
in children and adolescents. Am. J. Psychiatry 2006, 163, 644–651. [CrossRef] [PubMed]

26. Dow, B.L.; Kenardy, J.A.; Le Brocque, R.M.; Long, D.A. The Diagnosis of Posttraumatic Stress Disorder in School-Aged Children
and Adolescents Following Pediatric Intensive Care Unit Admission. J. Child Adolesc. Psychopharmacol. 2013, 23, 614–619.
[CrossRef]

27. Jones, C.; Humphris, G.; Griffiths, R.D. Preliminary validation of the ICUM Tool: A tool for assessing memory of the intensive
care experience. Clin. Intensive Care 2000, 11, 252–255.

28. Meiser-Stedman, R.; Smith, P.; Yule, W.; Dalgleish, T. The Trauma Memory Quality Questionnaire: Preliminary development and
validation of a measure of trauma memory characteristics for children and adolescents. Memory 2007, 15, 271–279. [CrossRef]

29. Hayes, A.F. Introduction to Mediation, Moderation, and Conditional Process Analysis: A Regression-Based Approach; The Guilford Press:
New York, NY, USA, 2013.

30. Pai, A.; Heining, M. Ketamine. Continuing Education in Anaesthesia. Crit. Care Pain 2007, 7, 59–63.
31. Le Brocque, R.M.; Hendrikz, J.; Kenardy, J.A. The course of posttraumatic stress in children: Examination of recovery trajectories

following traumatic injury. J. Pediatr. Psychol. 2010, 35, 637–645. [CrossRef] [PubMed]
32. Trickey, D.; Siddaway, A.; Meiser-Stedman, R.; Serpell, L.; Field, A. A meta-analysis of risk factors for post-traumatic stress

disorder in children and adolescents. Clin. Psychol. Rev. 2012, 32, 122–138. [CrossRef] [PubMed]
33. Schwabe, L.; Böhringer, A.; Wolf, O.T. Stress disrupts context-dependent memory. Learn. Mem. 2009, 16, 110–113. [CrossRef]

[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1007/s00134-004-2310-9
https://www.ncbi.nlm.nih.gov/pubmed/15112035
https://doi.org/10.1111/j.1742-9552.2012.00040.x
https://doi.org/10.1097/00004703-200206000-00002
https://doi.org/10.1016/S0005-7967(99)00123-0
https://doi.org/10.1007/s10567-014-0174-2
https://doi.org/10.1023/A:1020982122107
https://www.ncbi.nlm.nih.gov/pubmed/12495267
https://doi.org/10.1097/00004583-200404000-00006
https://www.ncbi.nlm.nih.gov/pubmed/15187800
https://doi.org/10.1037/0021-843X.116.1.65
https://doi.org/10.1016/j.brat.2008.02.008
https://www.ncbi.nlm.nih.gov/pubmed/18405880
https://doi.org/10.1016/S0005-7967(01)00126-7
https://www.ncbi.nlm.nih.gov/pubmed/12488116
https://doi.org/10.1016/j.jbtep.2017.04.004
https://www.ncbi.nlm.nih.gov/pubmed/28531760
https://doi.org/10.1037/tra0000349
https://doi.org/10.1016/S0191-8869(02)00047-8
https://doi.org/10.1016/j.paid.2005.11.002
https://doi.org/10.1023/A:1007750021626
https://www.ncbi.nlm.nih.gov/pubmed/10948479
https://doi.org/10.1023/A:1007887615685
https://doi.org/10.1176/ajp.2006.163.4.644
https://www.ncbi.nlm.nih.gov/pubmed/16585439
https://doi.org/10.1089/cap.2013.0044
https://doi.org/10.1080/09658210701256498
https://doi.org/10.1093/jpepsy/jsp050
https://www.ncbi.nlm.nih.gov/pubmed/19541598
https://doi.org/10.1016/j.cpr.2011.12.001
https://www.ncbi.nlm.nih.gov/pubmed/22245560
https://doi.org/10.1101/lm.1257509
https://www.ncbi.nlm.nih.gov/pubmed/19181616

	Introduction 
	Materials and Methods 
	Sample and Setting 
	Measures 
	Premorbid and Trauma Characteristics 
	PTSS and PTSD 
	Cognitive Variables 

	Procedure 
	Data Analysis 

	Results 
	Demographics 
	Predictors of PTSS at 6 Months 
	Predictors of PTSD-AA 
	Mediation Analysis 

	Discussion 
	Conclusions 
	References

