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Abstract

AIM

To synthesize the available evidence focusing on mor-
bidities in pediatric survivors of critical illness that fall
within the defined construct of postintensive care syn-
drome (PICS) in adults, including physical, neurocognitive
and psychological morbidities.

METHODS

A comprehensive search was conducted in MEDLINE,
EMBASE, the Cochrane Library, PsycINFO, and CINAHL
using controlled vocabulary and key word terms to
identify studies reporting characteristics of PICS in
pediatric intensive care unit (PICU) patients. Two revi-
ewers independently screened all titles and abstracts
and performed data extraction. From the 3176 articles
identified in the search, 252 abstracts were identified for
full text review and nineteen were identified for inclusion in
the review. All studies reporting characteristics of PICS in
PICU patients were included in the final synthesis.

RESULTS

Nineteen studies meeting inclusion criteria published
between 1995 and 2016 were identified and categorized
into studies reporting morbidities in each of three cate-
gories-physical, neurocognitive and psychological. The
majority of included articles reported prospective cohort
studies, and there was significant variability in the outcome
measures utilized. A synthesis of the studies indicate
that morbidities encompassing PICS are well-described
in children who have survived critical illness, often
resolving over time. Risk factors for development of these
morbidities include younger age, lower socioeconomic
status, increased number of invasive procedures or inter-
ventions, type of illness, and increased benzodiazepine and
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narcotic administration.

CONCLUSION

PICS-related morbidities impact a significant proportion
of children discharged from PICUs. In order to further
define PICS in children, more research is needed using
standardized tools to better understand the scope and
natural history of morbidities after hospital discharge.
Improving our understanding of physical, neurocognitive,
and psychological morbidities after critical illness in
the pediatric population is imperative for designing
interventions to improve long-term outcomes in PICU
patients.

Key words: Pediatric intensive care; Pediatric intensive
care unit; Critical illness; Postintensive care syndrome;
Post-traumatic stress; Trauma; Patient outcomes

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The majority of critically ill children admitted
to pediatric intensive care units (PICUs) survive their
iliness. Therefore, it is critical to address the impact
and extent of new or worsening morbidities that these
children experience as a consequence of critical illness.
Postintensive care syndrome is a well-described pheno-
menon in adult ICU patients, defining common types of
morbidity that can occur after hospitalization. This review
provides a synthesis of the available literature describing
physical, neurocognitive and psychological morbidities
that develop in the pediatric critical care population.

Herrup EA, Wieczorek B, Kudchadkar SR. Characteristics of
postintensive care syndrome in survivors of pediatric critical illness:
A systematic review. World J Crit Care Med 2017; 6(2): 124-134
Available from: URL: http://www.wjgnet.com/2220-3141/full/v6/
i2/124.htm DOTI: http://dx.doi.org/10.5492/wjccm.v6.i2.124

INTRODUCTION

Medical and technological advances over the last several
decades have resulted in the lowest rates of mortality
in the pediatric intensive care unit (PICU)™. Therefore,
mortality alone is no longer a sufficient outcome mea-
sure for assessing the efficacy of pediatric critical care
interventions. Instead, outcomes in pediatric critical
care have come to focus on morbidity that exists at and
after discharge from the PICU.

The concept of postintensive care syndrome (PICS)
is well-described in the adult critical care literature™. In
2010, a stakeholder’'s meeting defined PICS as “new or
worsening impairments in physical, cognitive, or mental
health status arising after critical illness and persisting
beyond acute care hospitalization”. These stakeholders
also identified PICU patients as a subgroup of critically
ill patients that deserve increased attention in ICU
research and literature.
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Studies in adults have demonstrated that a significant
number of adult critical care survivors develop long-
lasting morbidities after an ICU admission. For example,
a study of acute respiratory distress syndrome (ARDS)
survivors found that physical impairments occur in greater
than 50% of previously healthy patients in the first year
after illness”. With regard to cognitive impairment, there
is evidence of long-lasting mild to moderate cognitive
impairment in 24% of ARDS survivors at a median of 6
years after ICU admission™. Additionally, a systematic
review examining mental health morbidity in adult critical
care survivors found a median 28% point prevalence of
dlinically significant depressive symptoms™.

Although PICS has drawn attention in the adult ICU,
pediatric studies examining morbidity after critical illness
are just recently emerging. Moreover, pediatric outcomes
after critical illness have not been examined using the
lens of PICS, which may be a beneficial approach for
uniformly synthesizing available data and designing fu-
ture studies investigating the effects of pediatric critical
illness and treatment. The need to characterize PICS is
even more critical due to the high proportion of PICU
patients with pre-existing comorbidities that may worsen
functional outcomes and quality of life after a PICU
stay™®.

The objective of this systematic review is to syn-
thesize the available evidence focusing on morbidities
in pediatric survivors of critical illness that fall within the
construct of PICS described in the adult literature. With
a comprehensive view of new and worsening physical,
neurocognitive and mental health morbidities affecting
critically ill children, future interventional research can
be conducted using common language and tools for
measuring outcomes with the eventual goal of mitigating
these morbidities.

MATERIALS AND METHODS

All prospective, cross-sectional and retrospective studies
examining physical, neurocognitive and/or mental
health morbidity in pediatric critical care survivors
after discharge were included if the study included a
heterogeneous PICU sample. Studies focusing on one
specific disease or subpopulation were excluded (e.g.,
patients with traumatic brain injury or congenital heart
disease) as the aim of this review was to examine the
extent of morbidities mentioned above on as broad a
group of pediatric critical care survivors as possible.
Studies primarily focusing on families or caregivers,
as opposed to children, were not included. In addition,
studies in neonates admitted to a neonatal intensive
care unit were excluded due to key neurodevelopmental
differences between the NICU and PICU population.
The literature search (Appendix A) was conducted
on March 28, 2016 with the collaboration of an infor-
mationist to identify relevant articles and was applied to
MEDLINE, EMBASE, the Cochrane Library, PsycINFO, and
CINAHL. Controlled vocabulary, such as Medical Subject
Headings and Emtree terms, when appropriate, were
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Records excluded

Figure 1 PRISMA flow diagram.

used in combination with keywords for the concepts of
PICUs and PICS. The concept for PICUs included terms
such as pediatric intensive care unit, PICU, and pediatric
critical care. The concept for PICS included terms such
as PICS and post-ICU syndrome, as well as terms likely
to return articles that had a discussion of the physical,
cognitive and psychological morbidities associated with
a pediatric critical care admission, such as quality of life
and wellbeing. An effort was made to account for plurals,
acronyms, and synonyms. The search was limited to
English-language articles. Search results yielded 3176
results, which were then reviewed by two independent
reviewers for eligibility. A total of 252 of these articles
met the inclusion criteria and were retrieved for full text
review (Figure 1). In addition, references of the included
studies and review articles were inspected in order to
identify additional relevant studies.

RESULTS

Nineteen studies of critically ill children surviving ad-
mission who were followed up after hospital discharge to
assess for physical, neurocognitive, and mental health
morbidities were included in this review (Table 1),
Within each broad morbidity category, heterogeneous
patient populations (e.g., age), outcome measures, and
follow-up time points were used. Thus, while the authors
intended to perform a quantitative synthesis of included
studies, this was not possible and a qualitative synthesis
was conducted. We categorized included articles by the
type of morbidity after pediatric critical illness according
to the definition of PICS previously described. The
majority of included articles examined physical and psy-
chological morbidity while a small proportion focused on
neurocognitive morbidity following PICU admission.

Physical and functional morbidity
Nine studies reported physical and functional morbidity
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(n = 2924)

Full-text articles excluded,
with reasons (7 = 233)

after PICU admission (Table 1). Namachivayam et af*
examined and compared three different cohorts of
PICU patients in the years between 1982 and 2006,
evaluating outcomes both at discharge and at follow-up
months to years later. The modified Glasgow Outcome
Score (MGOS) was used to assess long-term functional
outcomes in 4010 patients. Categories included: (1)
normal or functionally normal (both intellectually and
physically); (2) mildly disabled but likely independent;
(3) moderately disabled and dependent on care; (4)
severely disabled and totally dependent on care; and
(5) death. The MGOS was determined based on parent/
guardian interview or patient interview if the patient
had reached adulthood and was independent at time of
follow-up. The proportion of children with moderate to
severe disability at long-term follow up was 8% of 700
children in 1982 and 18% of 717 children in 2005-2006,
an increase of 112%. Of note, in 1982 and 1995, a
high proportion of children were followed up (100%
and 84%, respectively), but 58% of children were lost
to follow-up in the 2005-2006 cohort. There was also a
shorter period of surveillance (median 1.1 years) in the
most recent cohort.

Two years later, Namachivayam et al'“- reported
the functional outcomes and quality of life of children
admitted to a PICU with a length of stay greater than or
equal to 28 d over a period of 20 years. Follow-up after
ICU admission was at least 6 mo later with a median
of 4 years, and pre-admission health status and long-
term functional outcomes were assessed using the
MGOS. Greater than 50% of survivors (63/117) had a
favorable outcome, meaning that they were likely to lead
an independent existence (normal, functionally normal
or mild disability). However, more than two-thirds of the
initial cohort admitted to the PICU had an unfavorable
outcome (moderate or severe disability or death).
Notably, 86% of the long-stay patients had pre-existing
comorbidities.

[21]
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Table 1 Summary of included studies

Ref. Design n Age Patient Timing of Measures used Main findings
sample follow-up
Physical morbidity after pediatric critical illness
Als et al®™ Prospective 88 (100  5-16 yr PICU 5 mo (median) Strengths and Difficulties Significant minority of school
cohort controls) admission Questionnaire; Chalder aged children at risk for short-
for =28 d Fatigue Scale; Children’s term physical morbidity
Sleep Habits Questionnaire;
Impact of Event Scale
Colville et al™  Prospective 97 >7yr 3moand 1yr Pediatric QOL Inventory PQLI scores lower at 3 mo
cohort compared to non-clinical
community sample but
comparable at 1 yr
Physical functioning subscale
lower in PICU survivors but
improved over time
Gemke et al™  Prospective 226 Children lyr Multiattribute health status Health status in 75% of
cohort up to 16 yr, classification population preserved
excluding
infants
Jayashree et al" Prospective 150 1-12 yr lyr Multiattribute Health Status QOL preserved in approximately
cohort Classification 75% of patients
Neurological illness risk factor
for decline in QOL
Jones et al™” Descriptive 1455 26 mo 6 mo Health Utilities Index 2 27% of children with no
study impairments
Knoester et al"® Prospective 81 1-15 yr 3 moand 9 Children’s QOL Health related QOL improves
cohort mo Questionnaire over time
Namachivayam Cohort 4010 All ages 2.5-3 yr (1982); Modified Glasgow Outcome Proportion of survivors with
et al® study and including 2.5-6 yr (1995); Score; Health Status Utility ~moderate or severe disability T
prospective adults at time 0.5-29 yr Index in 2005-2006 compared to 1982
database of follow-up (2005-2006) and 1995
review
Namachivayam Prospective 233 Median Long-stay > 6 mo; Modified Glasgow Outcome Long term functional outcome
et al®™ cohort 4.2 mo at patients  median of 4 yr Scale; Health Utilities Index favorable in 50% of survivors
admission Mark 1 QOL poor in 68%
Taylor et al™  Prospective 1032 0-29 yr 2-6 yr Glasgow Outcome Score; Majority of children survive with
cohort Health State Utility Index excellent QOL and functional
Mark 1 outcome
Neurocognitive morbidity after pediatric critical illness
Als et al”! Prospective 88 (100  5-16 yr 3-6 mo Same as Als 2015 Children have deficits in
cohort controls) neuropsychologic performance
and school performance
Als et al” Prospective 23 5-16 yr lyr Cambridge Persistently reduced
cohort Neuropsychological neuropsychological function in
Automated Battery; PICU survivors
Children’s Memory Scale;
Wechsler Abbreviated Scale
of Intelligence or Wide
Range Intelligence Test
Psychological morbidity after pediatric critical illness
Als et al™ Prospective 88 (+ 100 5-16 yr PICU 5 mo (median) Strengths and Difficulties Significant minority of school
cohort controls) admission Questionnaire; Chalder aged children at risk for short-
for>28d Fatigue Scale; Children’s term mental morbidity
Sleep Habits Questionnaire;
Impact of Event Scale
Bronner et al"” Prospective 36 8-17 yr 3moand9  Dutch Children’s Responses 34.5% of children had subclinical
cohort mo to Trauma Inventory PTSD
13.8% likely to meet criteria for
PTSD
Colville et al"  Prospective 102 7-17 yr 3 mo ICU Memory Tool; 32% reported delusional
cohort abbreviated Impact of Event memories
Scale Post-traumatic stress scores
higher in those with delusional
memories
Longer courses of opiates/
benzos associated with
delusional memories
WJCCM | www.wjgnet.com 127 May 4, 2017 | Volume 6 | Issue2 |
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Colville et al™  Prospective 66 7-17 yr 3moand 12  Children’s Revised Impact of At3 mo, 32% of children
cohort mo Event Scale experienced posttraumatic
stress symptoms; 26% at 12
mo
Dow etal™  Prospective 59 6-16 yr 6 mo Children’s PTSD Inventory ~Minority (17%-29%) of
cohort children met PTSD criteria
Muranjan et Prospective 30 25yr Ageand sex 1mo Impact of Event Scale; PICU patients subjected to
al™ cohort matched to Birleson Depression therapeutic interventions
pediatric Scale; Self-Esteem Scale; have transient
general wards Therapeutic Interventions  psychological impairment
patients Scoring System; following admission
Temperament Measurement
Schedule
Rees et al™ Retrospective 68 5-18 yr Compared to  6-12 mo Clinician Administered 21% of PICU patients
cohort general ward PTSD Scale for Children; developed PTSD compared
patients Impact of Event Scale; to none of the ward
Strengths and Difficulties patients
Questionnaire; Birleson
Depression Scale; Revised
Children’s Manifest Anxiety
Scale; Child Somatization
Inventory
Rennick et al®  Prospective 60 per 6-17 yr Ageand sex 6wk and 6 mo Invasive Procedure Score; ~ Regardless of hospital
cohort cohort matched to Children’s Impact of Event  location: greater degree
pediatric Scale; Posthospital Behavior of invasiveness, illness
general wards Questionnaire; severity and younger
patients Children’s Health Locus of age contribute to higher
Control Scale; Child Medical likelihood of posttraumatic
Fear Scale stress response after
discharge
Rennick et al®!  Prospective 60 6-17 yr 6 wk and 6 mo Children’s Impact of Event  Children who have high
cohort Scale; Children’s Medical numbers of invasive

Fears Scale; Children’s
Health Locus of Control
Scale

procedures at higher risk of
developing psychological
morbidity 6 wk after
discharge

PICU: Pediatric intensive care unit; PTSD: Post-traumatic stress disorder; QOL: Quality of life.

Jones et al''”! assessed outcomes at 6 mo after

PICU admission based on the Health Utilities Index
questionnaires returned by 1455 families of children six
months and older. The Health Utilities Index examines
sensation, cognition, emotion, pain, mobility and self-
care attributes. Sixty-eight percent of children had no
mobility impairment. However, the consent rate for
follow-up evaluation was only 39% of children who
survived to PICU discharge and those who did not
provide consent had greater illness severity and were
more likely to have previous comorbidities.

Als et a® investigated physical well-being from the
standpoint of fatigue and sleep difficulty. Eighty-two
children admitted between 2007 and 2010 were followed
up three to six months after discharge and compared to
93 healthy controls. They found that 38% of critical care
survivors were at risk for fatigue disorder compared to
1% of healthy controls using the Chalder Fatigue Score.
Additionally, 72% of PICU patients vs 49% of healthy
controls were at risk for a sleep disorder. Fatigue was
predicted by vulnerability factors, including white race
and nonintact homes, while sleep disturbance was not.

Taylor et al®' evaluated long-term quality of life
and functional outcome after pediatric critical illness in
children 0 to 29 years of age. The patients were followed
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up at a median of 3.5 years after PICU discharge. The
Glasgow Outcome Score was used to assess functional
outcome while the Health State Utility Index (Mark 1)
was used to assess quality of life. Of the 1032 children
admitted to the PICU in 1995, 868 patients had follow-up
data. Only 10% of survivors had an unfavorable outcome
likely to lead to dependency on other’s care. The majority
of children (84%) also had a favorable quality of life,
however, 29% of children survived with disabilities.

In contrast to the traditionally reported parent sur-
veys, Colville and Pierce™ investigated children’s self-
reported quality of life. Ninety-seven children over the
age of 7 were followed up at 3 mo and 1 year after PICU
discharge with the Pediatric Quality of Life Inventory
(physical, emotional, social and school functioning)
among other surveys. Children with significant learning
difficulties were excluded. At three months after
discharge, the Pediatric Quality of Life Inventory scores
were lower in the PICU group compared to a non-clinical
community group reported in previous literature. One
year after discharge, the scores were comparable. The
physical functioning subscale scores were lower in the
PICU group but improved over time.

Three studies investigated changes in mobility among
PICU survivors. Jayashree et al*® found that mobility

May 4, 2017 | Volume 6 | Issue 2 |
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was affected in 49% of 150 critically ill children prior to
admission while at 1 year after discharge 89% of these
children had improving or unchanged mobility. Knoester
et al'® reported similar improvement in mobility
when studying previously healthy children admitted
unexpectedly to a PICU who were then followed up three
and nine months after discharge. In the six to twelve
year cohort, parents reported worse motor function at
three months but not at nine months; adolescents also
self-reported worse motor functioning at three months
only. Parents and children who completed questionnaires
at both time points demonstrated no difference in overall
health related quality of life over time. Gemke et af™”
reported health-related quality of life of 226 patients,
excluding infants, one year after PICU admission. Pre-
admission health status was estimated based on a
questionnaire completed by parents during an interview
within 48 h of admission. The multiattribute health status
classification (MAHSC) was used as a generic health
status measure. At twelve months after discharge, only
10% of patients had deterioration in mobility.

Several other studies evaluating quality of life
using various validated measures but only provide an
assessment of overall quality of life without results from
each category examined (e.g., physical function)®®2¢2%,

Neurocognitive morbidity

Two of the included studies described neurocognitive
morbidities in PICU patients. In a study of the same PICU
cohort and healthy controls described under physical
and functional morbidities'™, Als et a/'”’ evaluated
neuropsychological function and academic performance.
The children admitted to the PICU were placed into
three subgroups: Meningoencephalitis, sepsis, and
those with nonneurologic and nonseptic critical ill-
ness. The neuropsychologic battery was designed to
focus on primarily intellectual function, memory and
attention. Both the PICU cohort and the healthy controls
had average IQs; however, the PICU cohort scored
significantly lower on measures of verbal and visual
recall and recognition memory, spatial working memory
and working memory capacity, and visual sustained
attention. Younger age, lower socioeconomic status and
the meningoencephalitis subgroup were significantly
associated with more widespread impairment. The
academic questionnaire completed by teachers of PICU
patients and healthy controls revealed more PICU
children with deteriorating academic performance, with
the sepsis group showing greatest deterioration, most
difficulty with schoolwork completion and attention
problems. Interestingly, the nonneurologic/nonseptic
critical care cohort did not show any difference in school
performance compared to healthy controls.

Finally, in a subsequent prospective follow-up study
by Als et al*’, the 23 of 47 children who were identified
as neuropsychologically impaired at three to six months
following PICU admission were then evaluated 12 mo
after PICU discharge in order to better understand
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the persistence of these impairments. At the three to
six month follow-up vs twelve month follow-up, there
was no significant change in IQ scores; however, there
was improvement in some verbal and visual memory
domains. The questionnaires completed by school
teachers did not show significant change in children’s
global educational progress or learning skills.

Psychological morbidity

Nine studies focused on psychological morbidity in
PICU survivors. Most recently, Dow et at**! explored the
prevalence and presentation of posttraumatic stress in
59 school-aged children and adolescents six months
after PICU admission lasting at least eight hours. Post-
traumatic stress disorder (PTSD) was evaluated using the
Children’s PTSD Inventory during a clinician administered
interview. Depending on the criteria and algorithm used,
the prevalence of PTSD found was 17%-29%. All patients
reported the following symptoms most frequently: Ina-
bility to recall aspects of the event, hypervigilance,
avoidance of thoughts or feelings, physiological reactivity
to trauma reminders, and intrusive thoughts or pictures.
School-aged children more frequently endorsed avoi-
dance of thoughts and feelings while adolescents more
frequently endorsed difficulty concentrating.

Colville and Pierce examined rates and natural history
of post-traumatic stress symptoms in families after a
pediatric critical care admission, including 66 children at
both three and twelve months after PICU discharge™?.
While the study evaluated child-parent pairs, the data for
children was reported separately. The Children’s Revised
Impact of Event Scale (CRIES-8), a brief, validated
scale which detects posttraumatic symptoms and PTSD
was chosen as the questionnaire for children. At the
three and twelve-month time points, 32% and 26%
of children demonstrated symptoms of post-traumatic
stress respectively, with no significant change in median
score. However, seven children who did not initially score
positive at three months after discharge scored positive
at twelve months. Of note, those children who scored
positive for PTSD at twelve months after discharge
had higher scores at three months as well as higher
Pediatric Index of Mortality (PIM) scores on admission.
The authors suggested that the subjective experience
of a child influences likelihood of future distress more so
than objective experience (e.g., demographic or medical
variables). Participants in the study were also asked what
the “worst thing” was during PICU admission. Many of
the children pointed to one specific distressing event
in the PICU (e.g., hallucinations, waking up and not
knowing where their parents were). Interestingly, 35%
of children stated that the worst experience occurred
outside of the PICU (e.g., the inciting incident that led to
admission or deterioration prior to admission).

Four years earlier, Colville et al™" followed 102 children
ages 7 to 17 at a median of 3 mo after PICU discharge to
determine if delusional memories from PICU admission
were associated with post-traumatic stress symptoms.
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Children’s memories were characterized using the ICU
Memory Tool and the Children’s Revised Impact of Event
Scale was used to screen for posttraumatic symptoms.
Thirty-two percent of the children had delusional mem-
ories, and only two patients reported these memories
occurring outside of the time of their PICU stay. A longer
course of opiates and benzodiazepines was associated
with delusional memories, and children with delusional
memories had higher post-traumatic stress scores. There
was not, however, a significant association between
factual memory and post-traumatic stress symptoms.

A number of the included studies focused on risk
factors for psychological morbidity after PICU admission.
First, Rennick et ai*® conducted a study in 2002 com-
paring 120 children six weeks and six months after
hospital discharge admitted to either a PICU or a general
pediatric ward. Several scales were used to assess
the presence and degree of psychological impairment.
Regardless of admission location, they found that children
with a younger age, greater iliness severity, and those
subjected to a greater number of invasive procedures
had ongoing posttraumatic symptoms, lower sense of
control over health, and more medical fears six weeks
after hospital discharge. At six months after discharge,
only the children who were exposed to higher numbers
of invasive procedures had significantly more medical
fears and symptoms of posttraumatic stress.

As a follow up to this study, Rennick et af** investigated
if there was a group at higher risk for developing psy-
chological morbidity after PICU discharge. PICU patients
were categorized as high risk (vs low risk) for developing
psychological morbidity if they had higher severity of
illness and higher number of invasive procedures. Similar
to findings in the previous study, it was found that the
children with high numbers of invasive procedures were at
higher risk of developing psychological problems 6 wk after
discharge. At 6 mo after discharge, the high risk group had
a significantly higher prevalence of posttraumatic stress
symptoms.

In another study of risk factors for psychological
morbidity, Muranjan et a*® enrolled 30 medical patients
who survived a PICU admission and compared them
to a control group of 30 children admitted to a general
pediatric ward. Children were followed up one month
after discharge to evaluate psychological symptoms.
This study found that children admitted to the PICU and
general wards had comparable pre-morbid temperament,
as well as self-esteem scale and depression scores.
Children admitted to the PICU initially reported more
intrusive thoughts compared to the general ward cohort
(43% vs 77%, respectively) within the first 24 h after
discharge but scores were comparable one month after
discharge, suggesting posttraumatic symptoms were
short lived. While development of intrusive thoughts
correlated with degree of intervention, demographic
factors, underlying disease, severity of illness and length
of hospitalization did not correlate with degree of psy-
chological morbidity.

In a retrospective cohort, Rees et al'**! aimed to
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determine if patients discharged from a PICU had greater
psychological morbidity compared to children discharged
from a general ward. Children ages five and older were
included and followed up 6 to 12 mo after discharge.
Children with meningococcal disease, terminal illness, an
underlying neurologic disorder, or intentional overdose
were excluded. Of patients admitted to the PICU, 21%
met diagnostic criteria for PTSD with symptoms of
irritability and persistent avoidance of reminders of their
admission being most prominent; however, only one
(vs four) PICU patients was diagnosed with PTSD at the
interview. None of the pediatric ward patients developed
PTSD, and there was no significant difference between
the two groups in scores relating to anxiety, depression
or somatization.

Bronner et al'™® compared the development of
PTSD in pediatric critical care survivors to children who
survived a major fire disaster. This group investigated
the presence of PTSD in a cohort of 36 previously healthy
children admitted unexpectedly to the PICU three and/or
nine months after discharge. Children completed the
Dutch Children’s Responses to Trauma Inventory, which
identified 34% with at least subclinical PTSD at 3 mo
with 14% of those children likely to meet criteria for
PTSD. At nine month follow-up, 36% of children had at
least subclinical PTSD with 18% of those children likely to
meet criteria for PTSD. Only two children had a change in
score between the three month and nine month follow-
up time points (one going from normal to subclinical, the
other subclinical to normal). Compared to survivors of a
major fire disaster in the Netherlands, the investigators
found that the PTSD scores of children in both groups
were comparable. Of note, the PICU population studied
in this paper were at risk for possible brain damage,
perhaps falsely elevating the number of children who fell
into the categories of subclinical PTSD or likely to meet
criteria for PTSD due to overlap in symptoms.

Finally, in the same article by Als et a/® discussing
physical morbidity after PICU admission, presence of
mental health morbidity was also assessed. A ques-
tionnaire was mailed to the families who agreed to
participate. Thirty-four percent of children scored at risk
for PTSD. In addition, the PICU group scored significantly
worse than the control group on the sections of emotional
symptoms and hyperactivity. Moreover, twenty percent
of the PICU group scored at high risk for a psychological
disorder, compared to 9% in the healthy control group.
Septic illness was an independent predictor of post-
traumatic stress symptoms.

DISCUSSION

This systematic review summarizes the available liter-
ature from nineteen studies investigating outcomes in
survivors of pediatric critical illness within the context of
PICS. The synthesis revealed that, similar to adult ICU
patients, a wide range of physical, neurocognitive and
psychological morbidities occur in PICU patients after
discharge™!. The populations investigated encompass
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a heterogeneous group of subjects with regard to
age, type of illness, illness severity, length of hospital
stay, and medical interventions. Many, but not all,
studies excluded patients with traumatic brain injury
or baseline neurocognitive dysfunction. Children were
also followed up after hospitalization at different time
points, including weeks to months to years later. A major
source of heterogeneity was the outcome measures
and assessment tools utilized across each category
of PICS morbidities. However, this synthesis identifies
a critical need to continue to define the landscape of
pediatric PICS and guide future research directions by
characterizing the types and extent of morbidities that
exist in survivors of pediatric critical iliness.

Patients and families are substantially impacted by
critical illness, and the changing spectrum of critical
iliness, technological advances, and improved survival
has translated to increased morbidity in the pediatric
population™*”., The sequelae of PICS can lead to reduced
quality of life and functional impairments, in addition to
increased societal costs™**?, Major differences between
children and adults with regard to the implications of
PICS include increased years of survival with morbidity
after critical iliness and the complex nature of interactions
between PICS and the developing brain.

Physical and functional morbidity

In several studies investigating physical and functional
morbidity in pediatric critical illness survivors, information
was gleaned from quality of life surveys that included
specific information about physical functioning after PICU
admission!***'#2%] Multiple screening tools were used
to determine the presence or absence of morbidity. Some
studies used one follow up time point, which could be
within a range of times after PICU discharge, while others
used multiple follow up time points. Studies indicated
that the minority of survivors of pediatric critical illness
have physical morbidities, and if they are present after
hospital discharge they decrease over time. For example,
one study reporting health related quality of life found
that only about 10% of patients (excluding infants) had
a deterioration in mobility 1 year after PICU admission,
compared to “pre-admission” health status™'. However,
another study comparing PICU populations in 1982 and
2006 did find that a considerably greater percentage
of patients had moderate to severe disabilities in 2006
(8% vs 18%)™. This is not a surprising finding as mo-
re children survive critical illness with improvements
in medical care and technology. However, this trend
highlights an increased need for early mobilization and
acute rehabilitation initiatives in the PICU to decrease the
risk of ICU-acquired weakness and potentially increase
functional outcomes after discharge®***3,

Neurocognitive morbidity

Of the three broad types of morbidity included in
the definition of PICS, this review yielded the fewest
number of articles related to neurocognitive morbidity
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after pediatric critical illness. The same team of authors
published two papers assessing the neurocognitive
function of school-aged children at 3 to 6 mo and 12 mo
after critical iliness”®’. These patients were compared
to healthy controls. While both groups of children had
average IQs at the 3 to 6 mo time point, it is important
to note that those who survived critical illness had
consistently lower scores in verbal and visual domains,
particularly in patients who had meningoencephalitis.
Moreover, risk factors for greater neurocognitive impair-
ment at time of initial follow up included those of
younger age and with lower socioeconomic status. At
12 mo, there was some improvement in verbal and
visual domain scores but no significant change in global
education progress, suggesting that neurocognitive
impairment in certain domains may improve over time,
or at least not become worse. Regardless, it is important
to consider which children may have more difficulty in
school and with certain types of daily tasks after they
leave the PICU, whether based on demographics or type
of illness, so that they can receive additional educational
support once they have returned to school. Large-scale
studies are needed and ongoing to better characterize
the short and long-term neurocognitive morbidity
associated with pediatric critical illness in the developing
brain®®.

Psychological morbidity

Although the evidence is limited, psychological morbidity
has perhaps been the aspect of PICS that has received
the most attention after PICU discharge!®!0%1419:22-4]
All studies included in our review evaluated school-aged
patients for post-traumatic stress symptoms, which may
be related to “post traumatic stress” being included as
a specific term in the search strategy encompassing
psychiatric morbidity after PICU admission. However,
multiple screening tools were utilized to determine
the presence or absence of symptoms. Follow up time
points ranged from 6 wk to 12 mo after critical illness.
The synthesis of studies suggests that psychological
morbidity including post-traumatic stress occurs in one-
third of PICU survivors. Of importance, several studies
investigating two time points found that post-traumatic
stress symptoms seem to attenuate over time.

Several studies also aimed to investigate potential
risk factors for developing post-traumatic stress sym-
ptomst® 192324 " geptic illness was an independent
predictor of post-traumatic stress in one study™, while
three others found that increased numbers of invasive
procedures or interventions increased the risk of psy-
chological morbidity!**?*?*, Delusional memories were
associated with increased benzodiazepine or narcotic
administration during a PICU course™!. Benzodiazepines
are an independent risk factor for delirium in the adult
ICU patient, and emerging evidence in pediatrics suggests
a similar association**, With validated screening
tools available to diagnose delirium in the PICU, PICU
providers are obligated to address risk factors and treat
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delirium using non-pharmacologic and pharmacologic
therapies in consultation with child psychiatry™ . Sleep
disturbances including night terrors are not an uncommon
sequelae after ICU discharge in both pediatric and adult
patients®***1 An improved understanding of risk
factors for psychological morbidity is crucial to facilitate
anticipatory guidance for families after a child is discharged
from the PICU.

Challenges in PICS research

A major barrier to PICS research that is obvious but
challenging to resolve is that it is difficult to establish an
accurate pre-admission baseline for children admitted
to the PICU. Thus, studies that attempt to compare
pre-morbid or pre-admission conditions of pediatric
patients rely upon either parent and/or child memory
of a patient’s functioning prior to admission. Families
are likely in a significant state of stress when asked to
recount their children’s pre-admission status within the
48 h of admission. Many of the studies in this review
used control groups, such as normal pediatric population
controls or pediatric ward patients, in order to understand
how the trajectory of survivors of pediatric critical illness
compared. However, it would be ideal to understand a
patient’s trajectory starting before PICU admission, in
the PICU, and after discharge from the PICU in order to
best understand if morbidities that develop after a PICU
admission are persistent and to what degree compared
to pre-iliness condition.

Another impediment is that many of the measure-
ment tools used to assess quality of life, physical,
neurocognitive or psychological morbidity rely primarily
on parental assessment. This is necessary in many
circumstances when a patient’s developmental level
does not allow for him or her to understand or answer
questions, but parents were also asked to answer
questions or fill out surveys in many circumstances when
a child could have done the same. A parent’s response
may not accurately represent the thoughts, feelings and
experiences of the child. For example, one study found
that the agreement between parent and child report
is poor™®. In the future, an effort should be made to
include child report when possible.

Finally, none of the studies reviewed discuss the
impact of delirium on morbidity experienced by survivors
of pediatric critical illness. Delirium is an independent
predictor of increased hospital length of stay, prolonged
mechanical ventilation, long-term cognitive impairments,
and PTSD in adults®**". There is relatively little data
on morbidity associated with delirium in the pediatric
critically ill population®®. Case reports and point pre-
valence studies suggest rates of pediatric delirium
between 10% and 30%P#****%, As the concept of pe-
diatric delirium becomes better recognized and studied,
it will be interesting to understand the interplay between
critically ill children diagnosed with delirium and its effect
on long-term morbidities.

Future directions

This systematic review has identified the wide range
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of morbidities that fall within the construct of PICS
in PICU patients. An important next step will be to
closely examine what is already known about these
physical, neurocognitive and psychological morbidities
to define pediatric PICS and come to a consensus on
the most relevant and generalizable outcome measures.
Ultimately, the aim is to develop interventions both in
the PICU and after discharge to help mitigate potential
ongoing impairment resulting from critical illness and
medical interventions. Many PICUs have already started
to address ways to minimize morbidity such as promotion
of early mobilization, improved sedation plans, delirium
screening and even ICU diaries™” in an effort to blunt
the physically and mentally traumatic effects of critical
illness. However, it is important for pediatric intensivists
to first acknowledge the morbidity that persists beyond
PICU discharge and agree upon consistent language
and outcome measures so that effective and targeted
interventions will become integrated into part of daily
care starting in the PICU.

This systematic review evaluates the presence of
PICS in pediatric survivors of critical illness. Physical,
neurocognitive, and psychological morbidity affects a
significant minority of this vulnerable population. These
findings will likely help focus future research efforts
on this topic in order to gain a better understanding of
which children are most susceptible to developing PICS
and of what can be done to mitigate these morbidities.
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COMMENTS

Background

In 2010, an adult consortium developed the concept of postintensive care
syndrome (PICS), which encompasses physical, cognitive and mental health
morbidities that exist in a high percentage of adults after critical illness. The
aim of this current review was to summarize the relevant pediatric literature
on these types of morbidities in a general pediatric intensive care unit (PICU)
population and understand how widespread this recently described syndrome is
among pediatric survivors of critical illness.

Research frontiers

Mortality is a rare event in pediatric critical illness, however, it has often been
used as an outcome measure in research studies. More appropriate outcome
measures include different types of morbidity. It is important to understand
what kinds of morbidities burden children after critical illness and how a
multidisciplinary team both in the PICU and in follow up settings can mitigate
morbidities that develop during and persist after critical illness.

Innovations and breakthroughs

Previous studies have shown different types of morbidity that exist in survivors
of pediatric critical illness but there has been no review of pediatric literature
through the lens of PICS.

Application

Children who survive pediatric critical iliness can develop physical, neuro-
cognitive and/or psychological morbidity after hospital discharge. Knowing this,
the authors can better define the extent and natural history of these morbidities
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and take measures to mitigate morbidity that results from critical illness and its
treatment.

Terminology
PICS: Postintensive care syndrome; PICU: Pediatric intensive care unit.

Peer-review
Herrup et al present a nice and informative overview. The work is well written,
based on a systematic literature review, and informative.
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