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Abstract

Introduction: Improved mortality rates in paediatric critical care may come with
the cost of increased morbidity. Goals of modern paediatric intensive care unit (PICU)
management should focus on restoring long-term function of paediatric critical illness
survivors. This review outlines our current knowledge on trajectories and risk factors
of long-term morbidities in PICU survivors. Specifically, we aimed to identify current
limitations and gaps in this area so as to identify opportunities for future investigations
to reduce the burden of morbidities in these children. Materials and Methods: A review
of primary studies published in PubMed, EMBASE, and Cochrane databases in the last
decade (2008-2017) describing long-term morbidities in PICU survivors was conducted.
Results: Children surviving critical illness continue to experience morbidities after
discharge. A set of risk factors modify their long-term trajectories of recovery, with some
children achieving their premorbid level of function, while some others deteriorate or die.
Limitations in current methodologies of morbidity research impair our understanding
on the causes of these morbidities. Opportunities for future endeavours to reduce the
burden of these morbidities include identifying patients who are more likely to develop
morbidities, evaluating the efficacy of early rehabilitation, identifying patients who might
benefit from tight glycaemic control, characterising the optimal nutritional intervention,
and improving management of increased intracranial pressure. Conclusion: Survivors of
paediatric critical illness experience differing trajectories of recovery from morbidities.
Future research is needed to expand our repertoire on management strategies to improve

long-term function in these children.
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Introduction

Paediatric critical care has evolved in the last 3 decades,
largely attributable to advances in medical care and
technology. Paediatric intensive care unit (PICU) mortality
rates decreased from 15% in 1982 to 2%-5% in the last
decade,'”® and critical care is now offered to more children
who require more complex care. "%’

Decreased mortality rates come at the cost of increased
morbidity rates.” A 3-decade analysis reported that the
number of PICU survivors with moderate to severe long-
term disability had doubled in2005-2006 compared to 1982.!

In 1995, 85% of PICU survivors reported good quality
of life (QOL) on follow-up, but this number decreased
to 66% in 2006." Children surviving critical illnesses are
at risk of developing long-term physical, neurocognitive,
and psychological morbidities, much like the adult post-
intensive care syndrome.®

With decreased mortality, the goal of paediatric critical
care management has shifted to restore the function of
survivors to their preadmission state. This review aimed
to summarise the current available literature over the last
decade on the long-term morbidities of PICU survivors.
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We first describe the temporal pattern (trajectories) and risk
factors of morbidities. We then focus on the gaps in our
knowledge about the causes of and strategies to manage
long-term morbidities in PICU survivors, to highlight
opportunities for further study in this area.

Materials and Methods

Inthis review, we defined morbidity as any impairment in
the patient’s functional status, health-related quality of life
(HRQOL), health status (e.g., symptoms of uncontrolled
asthma), or neurodevelopmental outcomes (including
cognition and behaviour). We conducted a literature search
of PubMed, EMBASE, and Cochrane databases using
a combination of keywords and MESH terms such as
“long-term outcome”, “functional outcome”, and “critical
illness” or “paediatric intensive care unit”. Primary studies
published in2008-2017 that described long-term morbidities
were included. Because of the heterogeneity of outcome
measures, follow-up time, and population characteristics, no
statistical analysis was performed, and anarrative approach
was used to summarise the current evidence.

Results and Discussion
Long-Term Trajectory of Morbidity in PICU Survivors

PICU survivors have persistently poorer health compared
to healthy children ("Online Supplementary Table 1).3%!! This
includes lower HRQOL, worse visual-motor integration,
motor coordination, poorer memory and intelligence
quotient (IQ) scores. These children are at greater risk of
functional decline with hospital and PICU readmissions.>!?
There appears to be several recovery trajectories: some
PICU survivors deteriorate or die, some return to their
baseline status, and some even improve beyond their
baseline function. In a longitudinal cohort study of 70
PICU patients, approximately 41% of PICU survivors had
worsening of function or death at 3 years, 49% returned
to their baseline state, while the remainder 10% showed
improvements from baseline.? Reported rates of recovery
in other studies range from 59%-81%.'"* These varying
trajectories in PICU survivors suggest that there are certain
factors associated with morbidity and recovery. Identifying
these factors would be the first step to support long-term
recovery of these children.

Risk Factors for Long-Term Morbidities in PICU Survivors

The major groups of risk factors for long-term morbidities
in PICU survivors are outlined in this subsection (Table 1).

Admission Diagnoses

Among all admission diagnoses, children with
neurological diagnoses had the highest rate of acquired
morbidity at hospital discharge and long-term follow-up.'*
At 1 year, 48% of children admitted with neurological

diagnoses either died or had moderate or severe disability,
compared to only 29% of children with other diagnoses.'
Within the neurological diagnoses group, different
aetiologies were associated with different long-term
prognoses. After 6 months, survivors of severe traumatic
brain injury (TBI) had higher rates of favourable outcomes
(Glasgow Outcome Scale [GOS]=4) compared to children
with refractory febrile status epilepticus (90% vs 27%,
respectively).!>!4

Illness Severity

For any group of patients, higher severity of illness on
PICU admission was associated with long-term morbidities.
Children requiring longer duration of cardiopulmonary
resuscitation (CPR) were found to have worse long-term
outcomes.'>!¢ Specifically, if duration of CPR was more
than 30 minutes, outcomes were limited to only death,
disabled, or vegetative state.'®

PICU survivorsrequiring use of extracorporeal membrane
oxygenation (ECMO) had been shown to have poorer quality
of life at 1 month with increased time on ECMO." Indeed,
the neurological impairments and other morbidities in ECMO
survivors are discussed in other excellent reviews. ™

In acute neurological disorders, the occurrence of status
epilepticus is a marker of secondary brain injury and was
associated with lower functional status, QOL, higher rates
of epilepsy, and worse long-term adaptive behaviour.?*!
In children with moderate to severe TBI, a lower Glasgow
Coma Score (GCS), anisocoria, arterial oxygen saturation
<90%, and hypothermia were associated with poorer long-
term neurological function.?>?

Several variables mentioned above (e.g., impaired
pupillary reflexes, low GCS, hypothermia) are part of
existing illness severity scoring systems in critically ill
children (e.g., Paediatric Risk of Mortality [PRISM] or
Paediatric Index of Mortality [PIM]).>** 1t is therefore
not surprising that these scores corresponded well with the
magnitude of morbidity. Higher PRISM scores correlated
with greater deterioration in Paediatric Overall Performance
Category (POPC) and Paediatric Cerebral Performance
Category (PCPC) scores from baseline to discharge, while
higher PIM2 scores was associated with lower QOL 6
months after discharge.>*

Pre-Existing Morbidities

Pre-existing morbidities affect long-term recovery in
PICU survivors. Children with worse baseline function were
found to have worse adaptive behaviour, functional outcome,
and HRQOL at 1 month post-PICU care, higher hospital
readmission rates, and persistent acquired morbidities at
6 months and 3 years."*!>?7 Children with pre-existing
chronic health conditions (especially neurodevelopmental
disability) were at greater risk of persistent functional

*Available online at http://www.annals.edu.sg/pdf/47VoINo8Aug2018/V47N8p291.pdf (pp. 307-37)
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impairment (decrease in Royal Alexandra Hospital for
Children Measure of Function [RAHC MOF] scores
from premorbid) compared to children without chronic
conditions.®> Among cardiac arrest survivors, those with
pre-existing conditions reported worse general health
perception years later.'°

PICU Length of Stay

Longer length of PICU stay was also identified as a risk
factor for long-term acquired morbidities.” In a long-stay
cohort, among children who had no or mild disability on
admission, 20% was found to have long-term moderate
to severe disability.”® In comparison, in the general PICU
cohort, only 4% of children ended up with long-term
moderate to severe disability.! In our own experience
of 241 long-stay (>14 days) admissions, we found that
long-stayers had high rates of pre-existing comorbidities
(55%) and chronic care devices (non-invasive ventilation,
tracheostomy, or long-term parenteral nutrition) (49%),
consistent with the literature.***3° Moreover, on PICU
discharge, more children were found to require chronic
care devices compared to admission.*

Initiation of Rehabilitation

Delay in starting rehabilitation influenced the success of
subsequent recovery. A study in children with severe blunt
TBI found that the duration of delay between PICU discharge
and the start of inpatient rehabilitation was inversely
correlated with rehabilitation efficiency and improvement
in functional independence measurement scores.>!

Gaps in Knowledge and Opportunities for Future Research
Heterogeneity in Morbidity Measurement Tools and Timing

The number of clinical studies describing long-term
morbidities and associated risk factors are increasing.
However, our understanding of the causes of morbidities
remains inadequate due to several limitations in mor-
bidity research.

Firstly, there is the heterogeneity of outcome measures
used to quantify morbidities. This partially stems from a
lack of consensus on definitions of outcome measures.
For instance, some researchers consider HRQOL as part
as functional status, while others consider them as separate
entities.!*>*>% Functional status has been measured using
a range of global functional outcome scoring tools (e.g.,
PCPC), adaptive behaviour functioning scales (e.g.,
Vineland Adaptive Behaviour Scale-2 [ VABS-2]),and QOL
rating scales (e.g., RAHC MOF).3263234 In addition, some
have used unstructured questionnaires to capture long-
term sequelae or impairment in functioning (e.g., poorly
defined “learning difficulties”, “mental impairment”, or
“behaviour problem”).!%3

The lack of consensus is a barrier to synthesising and
interpreting data across studies.>*3?333¢ Ideally, studies
should use a standardised, well defined outcome measure
for each type of morbidity and use validated measurement
tools to quantify outcomes. This may evolve over time
as studies examining morbidities after paediatric critical
illness are just recently emerging. Furthermore, we do
not fully understand the scope and types of morbidities
affecting PICU survivors. The adult population has a
well described construct known as the post-intensive care
syndrome (PICS)—categorising the acquired morbidities
in ICU survivors to 3 domains: physical, neurocognitive,
and psychological.* It has been suggested that the same
construct could be applied to children so as to standardise the
description of the landscape of morbidity in PICU survivors.®

Secondly, comparison between studies are challenging
because of the lack of standardisation in design and quality
ofthe studies, most particularly in terms of long-term follow-
up. Duration of follow-up varied greatly across studies, from
1 month'*!5 to greater than 10 years.'>¥” Most long-term
follow-up will assess the child’s status compared to baseline,
however, the time point to establish “baseline” also differed
between studies—some defined “baseline” as the pre-acute
illness functioning while others considered “baseline” as the
24-hours window after PICU admission.>**!* Some studies
only reported absolute morbidity, with no comparison with
the child’s baseline status or appropriately matched controls
in the analysis. Not all studies accounted for the children
lost to follow-up by ensuring they were comparable to the
children remaining in the studies. The quality assessment
of the included studies in our review is detailed in *Online
Supplementary Table 2.

To achieve our goal of restoring PICU survivors to their
premorbid function, it is imperative for future studies to
standardise the follow-up interval and duration to allow
for comparison of data across different centres. Currently,
the best timing for follow-up is unknown. The available
evidence suggests that recovery from morbidity may reach
a plateau between 6 months and 3 years after hospital
discharge. In PICU survivors, children who recover at the
end of 3 years still had decreased mean Functional Status
Scale (FSS) scores at 6 months compared to baseline.? In
children with severe TBI, the optimum follow-up time may
be 1 year. Median GOS improved from 4 to 5 between
hospital discharge and 12 months, while scores at 5 and
11 years were the same as those at | year.**” Additionally,
studies should include baseline measurements of the child’s
premorbid function, or to include matched controls to serve
as a benchmark. It is also important to select appropriate
measures to best capture age-specific needs and to evaluate
response to intervention over time.

“Available online at http://www.annals.edu.sg/pdf/47VoINo8Aug2018/V47N8p291.pdf (pp. 307-37)
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Early Identification of Children At Risk of Developing
Long-Term Morbidities

An important step in reducing long-term morbidities
would be to identify patients who are at greater risk of
acquired morbidities so that early interventions to reduce
morbidities can be instituted.

Currently, disease severity scoring systems (e.g., PIM,
PRISM, and Paediatric Logistic Organ Dysfunction
[PELOD]) are used to predict risk of PICU mortality.***
As disease severity is associated with morbidities, recent
literature suggests that these tools could also predict
acquired morbidities. In a large multicentre cohort study,
Pollack et al showed that PRISM III scores could be used
to simultaneously predict mortality and acquired morbidity
(defined as an increase in FSS = 3 compared to baseline) at
hospital discharge.* In this prediction model, morbidity risk
initially increased with higher PRISM III scores, but then
decreased with the highest PRISM III scores, as potential
morbidities resulted in mortalities. The final prediction
model had a strong predictive ability with volume under
the surface of 0.50.

While predicting acquired morbidities athospital discharge
would enable us to intervene early during hospital stay, it
could potentially miss patients who develop morbidities after
hospital discharge. Indeed, a study involving 77 children
demonstrated that the rates of acquired morbidity continued
to increase after hospital discharge (4%), reaching 6% and
10% at 6 months and 3 years, respectively.?

Atool to predict development of long-term morbidities
would identify both groups who develop morbidities
by hospital discharge as well as those who do so after
hospital discharge. It may also enable us to prevent further
deterioration in these children by allocating appropriate
resources posthospital discharge, including follow-up
sessions for early detection of postdischarge acquired
morbidities, or structured rehabilitation programmes to aid
functional recovery.*! This proposed tool could build on
existing mortality prediction systems, with incorporation
of additional variables associated with morbidities,
including pre-existing chronic health condition or baseline
functional status.

Some mortality prediction systems, such as PIM3, assign
different risks into different admission diagnoses.?® These
would need to be modified, since a low-risk diagnosis for
mortality might be associated with a high risk for morbidity.
For instance, while PIM3 classifies seizure disorders as
low-risk, a patient admitted for any neurological diagnosis
should be assigned anincreased risk for morbidity compared
to other admitting diagnoses, and an even higher risk
should be assigned forrefractory febrile status epilepticus.?
Conversely, a high risk for mortality may not apply to
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morbidity. For instance, a cardiac arrest preceding ICU
admission would be assigned as a very high-risk for mortality
in PIM3 or PRISM4.2*% However, up to 82% of cardiac
arrest survivors attain favourable long-term outcomes, as
long as the duration of CPR was less than 30 minutes.'*
An improvement for a morbidity prediction system would
bethe incorporation of risk factors formorbidities related to
aparticular admission diagnosis. For instance, for a patient
admitted after a cardiac arrest, a high risk for long-term
morbidity should be assigned if CPR exceeds 30 minutes,
while in TBI patients, higher risk should be assigned if the
mechanism of injury is abuse. !¢’

The existing mortality prediction systems are based
on patient parameters within the first 24 hours of PICU
admission.?** However, long-term morbidities could be
influenced by events occurring any time during the PICU
stay. In patients with altered mental status, occurrences of
status epilepticus throughout PICU stay were associated
with long-term morbidities.?**' In TBI patients, at least
1 occurrence of low cerebral perfusion pressure was
associated with worse functional outcomes.* While
prediction of long-term morbidities might be improved
by continuously monitoring physiological parameters, it
might be impractical to do so. An alternative might be to
reassign a long-term morbidity prediction score at PICU
discharge, to include additional high-risk events occurring
during PICU stay.

Interventions to Reduce Morbidity Within the PICU

To reduce long-term morbidities, interventions need to
target modifiable risk factors. This section will discuss
some randomised controlled trials (RCTs) (Table 2) from
the past decade as well as current gaps in our knowledge
pertaining to this issue.

Early Mobilisation to Improve Long-Term Functional
Outcomes

Despite the importance of early mobilisation for
long-term recovery of function, it is not commonly
practised in the PICU.>! Only half of children received
rehabilitation in the PICU, and of these, up to 70% of the
rehabilitation received was non-mobile in nature (e.g.,
chest physiotherapy), while only less than 10% of children
received early mobilisation.* Leading reasons for delaying
mobility treatments include the lack of practice guidelines
and conflicting perceptions regarding clinical thresholds
and safety of early mobilisation.*

There is a need to evaluate the safety, clinical threshold
to initiate, and efficacy of early mobilisation. Two pilot
studies have reported the safety and feasibility of acute
rehabilitation interventions in the PICU, using in-bed
cycling and virtual reality (VR) boxing to promote early
mobilisation.**¢ The in-bed cycling pilot trial achieved its
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goals of enrolment and 1 month follow-up rates exceeding
75%, and documented no adverse effects.*> Similarly, the
VR npilot trial did not find any adverse effects of early
mobilisation and reported significantly improved upper
limb activity compared to average daily activity.*® Despite
promising early results, the long-term efficacy of early
mobilisation remains to be evaluated.

Management of Raised Intracranial Pressure in Children
Admitted for Critical Neurological Diagnoses

Raised intracranial pressure (ICP) contributes to
secondary brain injury.*’ Optimal management of increased
ICP is essential to prevent mortality and morbidities.**
There remains clinical equipoise on the optimal strategy
to manage ICP in the PICU.**° One strategy focuses on
reduction of ICP (“ICP-targeted therapy), using controlled
hyperventilation, administration of hyperosmotic solutions
and barbiturates.’! Another strategy focuses on optimising
cerebral perfusion pressure (“CPP-targeted therapy”),
involving pharmacologically-induced increase in CPP to
improve cerebral blood flow.*

In children with acute central nervous system (CNS)
infection, a recent RCT reported the superiority of CPP- to
ICP-targeted therapy for management of increased ICP.>
The trial randomised 110 children with GCS = 8§ to CPP-
targeted (maintaining CPP = 60mm Hg, using normal saline
bolus and vasoactive therapy) or [CP-targeted (maintaining
ICP <20mm Hg using osmotherapy while ensuring normal
blood pressure). The CPP-targeted group had lower
mortality, as well as lower prevalence of hearing deficit
and neuro-disability at 90 days after discharge. Because
the study only involved patients with CNS infections, its
finding may not be generalisable to other groups of patients
with impaired cerebral autoregulation, such as TBL.#

Till date, there are no RCTs assessing the superiority
of either strategy in paediatric TBI. However, available
literature reported that survival with good neurological
outcomes could be achieved using either strategy, ranging
from 54%-60% to 70%-90% at hospital discharge and
long-term, respectively.'*?35 Considering the high rates
of morbidities of TBI survivors, a RCT comparing the 2
strategies would add valuable evidence on the superior
strategy in reducing morbidities in these children.

Decompressive craniotomy (DC) is widely utilised as
a treatment option for increased ICP, mainly for children
with refractory high ICP or low CPP that are unresponsive
to maximal medical management.'323354 Children treated
with DC were reported to have comparable long-term
outcomes with children with conservative management,
although initially, they have worse clinical profiles.!*** In
a group of 48 patients with severe TBI (GCS =8), children
needing DC had worse peak ICP and lower CPP compared
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to those responsive to ICP-targeted medical management;
however, they showed comparable neurological functional
outcomes as measured by GOS scores at hospital discharge
and 6 months follow-up.” In a similar study involving
53 children, patients needing DC had no difference in
neurological functioning at 12 months compared to the
children treated conservatively, who had twofold better
GCS scores on presentation.”

Current guidelines consider DC as a controversial
procedure due to insufficient data.>*> Two adult RCTs have
reported discouraging results, with DC increasing survival
but increasing long-term morbidities.**>” However, head
injuries in children are known to be different than thatin adults
due to more compressible skull and brain, vulnerability to
brain swelling, and different pathophysiology of intracranial
hypertension.” Given the widespread use of this strategy,
there is an urgent need for a RCT to assess the efficacy
of DC in the paediatric population.

Tight Glycaemic Control

Hyperglycaemia in PICU patients is associated with
adverse short-term outcomes such as organ failure and
mortality.®** RCTs evaluating the benefit of intensive
insulin therapy for management of hyperglycaemia in
PICU patients have yielded mixed results.

A Belgian RCT involving 700 children (majority were
cardiac surgical patients) showed that tight glucose control
(TGC) to age-adjusted normoglycaemia reduced PICU
mortality, length of stay (LOS) and improved long-term
motor coordination and cognitive flexibility compared to
standard care."®® On the other hand, a United Kingdom
(UK) trial involving 1369 children showed no overall
mortality or LOS benefit.?'

TGC carries significant risk of hypoglycaemia.t%-¢>
In children undergoing cardiac surgery, patients with
hypoglycaemic episodes had almost 5 times the mortality of
patients without hypoglycaemia.®’ While along-term follow-
up study on the survivors from the Belgian RCT reported
that TGC did not affect IQ scores at 4 years, symptomatic
hypoglycaemia in young children has previously been
reported to be associated with various patterns of brain
injury and as well as neurodevelopmental impairments at
18 months. 63

These data suggest that while TGC for hyperglycaemia
might benefit some PICU patients, it must be carefully
weighed against the risks of hypoglycaemia. Further
researchisneeded to identify the subset of patients for whom
the benefits of TGC exceed the risks of hypoglycaemia.
The long-term analysis of the UK trial reported that in
non-cardiac surgery patients, TGC was associated with
shorter hospital stay and reduced healthcare costs at 12
months, highlighting a potential group to be investigated.®!
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Nutritional Intervention in the PICU

Nutrition delivery in PICU is generally inadequate, which
may adversely impact clinical outcomes.** The Paediatric
Early versus Late Parenteral Nutrition In Critical Illness
(PEPaNIC) RCT explored whether early achievement of
nutrition goals using parenteral nutrition (PN) would be
associated with better outcomes. Atotal of 1440 criticallyill
children were randomised to receive early (within the first
day) or late (after day 7 of PICU stay) supplemental PN
when enteral nutrition (EN) failed to reach the prescribed
caloric targets. Late PN was associated with lower rate of
new infections, shorter duration of mechanical ventilation,
and shorter PICU and hospital LOS.” Of note, the long-
term developmental and neurocognitive outcomes of these
patients are yet to be published.

Although some aspects of this trial have been
controversial, this study highlights the gaps in our knowledge
regarding nutrition provision in the PICU.%*° The impact
of different aspects of nutrition provision (e.g., nutrition
route, composition and targets) on functional outcomes of
critically ill children deserves further study.

Interventions to Enhance Recovery Posthospital Discharge

The post-ICU phase is regarded as an important time
period for rehabilitation.” However, there is paucity of
research evaluating interventions posthospital discharge
that might improve long-term outcomes in survivors of
paediatric critical illness.

In adult ICU survivors, enrolling patients in structured
programmes that provided physical and nutritional
rehabilitation posthospital discharge were shown to
improve long-term cognitive, psychological, physical,
and functional outcomes.*"""”> Unfortunately, there is little
reported experience on the role of structured rehabilitation
programmes, particularly those combining nutrition and
physical interventions, in PICU survivors posthospital
discharge.

In PICU survivors, removing environmental barriers
to increase child’s participation at home and modifying
family environment improve recovery.?’-”>™ A significant
proportion of parents of PICU survivors reported that
environmental factors (e.g., physical layout of the home
and services available in the home) hindered the child’s
participation at home (e.g., school preparation, personal
care and household chores).”” This hindrance was more
prevalent in children with underlying functional limitation
(33%) compared to previously normal children (20%). While
intervention to modify home environment is commonly
practised to enhance functional independence in adults
with acquired morbidities, there is paucity of research on
this topic in the paediatric population.’’¢

Family environment plays a role in long-term
psychosocial outcomes of preschool children sustaining

TBI. Better family functioning and parent mental health
was associated with better behavioural adjustment and
social functioning.”’ Some parenting styles were also
shown to be more conducive for recovery, as authoritative
(as opposed to permissive) parenting style predicted better
social competence at 18 months post-TBI.”* Future research
shouldidentify effective ways to equip not only the children,
butalso their caregivers, in order to create favourable family
environment for recovery.

Conclusion

With improved PICU mortality rates, an emerging issue
is the increasing prevalence of acquired morbidities in the
survivors. In this review, we summarised the literature
on trajectories and risk factors for long-term morbidity,
described the current limitations of morbidity research,
and discussed recent advances in improving long-term
outcomes of PICU survivors. Mostof the known morbidity
risk factors are non-modifiable in nature, and hence
improvements in our current methodologies of morbidity
research are needed to elucidate modifiable risk factors of
morbidity. Future research is needed for early identification
of patients who are likely to develop long-term morbidities
and development of effective strategies to reduce long-term
morbidities of PICU survivors.
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Online Supplementary Table 1. Observational Studies in PICU Patients

Study Reference Population Outcome Follow-up Outcomes Risk Factors
Characteristics Measures Used Time(s) for Morbidities
General PICU Patients
Fiser et al, 2000" n= 11,106 POPC, PCPC, PICU PCPC/POPC * Baseline, discharge, and
All consecutive admissions to 16 compared to baseline discharge Normal: 58.4%/27.4% delta POPC and PCPC
general PICUs (premorbid) scores Mild disability: 17.2%/34.9% outcome scores were
Moderate disability: 11.6%/19.9% asso'mated with length 9f
Mean age range = 53.8  86.9 months Severe disability: 7.20%/12.2% Sty in the PICU and with

predicted risk of mortality

1 - 10, 0,
Comal/vegetative: 1%/1% (PRISM score)

Brain death: 4.6%/4.6%

ABAS-II: Adaptive Behaviour Assessment System-II; BRIEF: Behaviour Rating Inventory of Executive Function; CBCL: Child Behaviour Checklist; cEEG: Continuous
electroencephalography; CF: Child Form; CF87: Child Form 87; CHQ: Child Health Questionnaire; CPP: Cerebal perfusion pressure; DRS: Disability Rating Scale; ECMO:
Extracorporeal membrane oxygenation; EPCR: Extracorporeal cardiopulmonary resuscitation; FIM: Functional independence measurement; FSS: Functional Status Score; GCS:
Glasgow Coma Score; GINA: Global Initiative for Asthma; GOS: Glasgow Outcome Scale; GOS-E: Glasgow Outcome Scale (Extended Paediatric Version); HSUV: Health Status
Utility Index; HUI: Health Utility Index; ICP: Intracranial pressure; IQR: Inter quartile range; IT97: Infant Toddler 97; MGOS: Modified Glasgow Outcome Scale; PF: Parent
Form; PICU: Paediatric intensive care unit; PCCU: Paediatric cardiac critical unit; PCPC: Paediatric Cerebral Performance Category; PedsQL: Paediatric Quality of Life Inventory;
PF50: Parent Form 50; PIM: Paediatric Index of Mortality; PIQ: Performance Intelligence Quotient; POPC: Paediatric Overall Performance Category; PRISM: Paediatric risk
of mortality; RAHC MOF: Royal Alexandra Hospital for Children Measure of Function; RE: Rehabilitation efficiency; SD: Standard deviation; TAPQOL-TNO-AZL: Preschool
Children Quality of Life Questionnaire; TBI: Traumatic brain injury; THAPCA-OH: Therapeutic hypothermia after paediatric cardiac arrest out-of-hospital; VABS-II: Vineland
Adaptive Behaviour Scale-II; VAS: Visual Analogue Scale
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Online Supplementary Table 1. Observational Studies in PICU Patients (Cont'd)
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Characteristics Measures Used Time(s) for Morbidities
General PICU Patients
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Online Supplementary Table 1. Observational Studies in PICU Patients (Cont'd)

Study Reference Population Outcome Follow-up Time(s) Outcomes Risk Factors
Characteristics Measures Used for Morbidities
General PICU Patients
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pre-existing chronic health with baseline discharge scores in 26% of PICU 6 months, but not 24 months.
condition (CHC) (preadmission) survivors at 6 months, 19% in  « Pre-existing neurodevelopmental
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WithCHC:15.3(10,17.6) years
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Online Supplementary Table 1. Observational Studies in PICU Patients (Cont'd)

Study Reference Population Outcome Follow-up Outcomes Risk Factors
Characteristics Measures Used Time(s) for Morbidities
General PICU Patients
Pollack et al, 2014' n=5017 Mortality Baseline Of the 5017 patients, * Admission diagnoses:
Randomly selected FSS: (preadmission), there were 242 new Highest new morbidity rates were in
prospective cohort from 86— 7: good, 8 — 9: mildly PICU discharge, morbidities (4.8%), 99 the neurological diagnoses (7.3%),
medical and cardiac PICUs abnormal, 10 — 15: hospital discharge PICU deaths (2.0%) and acquired cardiovascular disease
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defined as increase of hospital discharge cardiac surgery (4.5%)
>3 in FSS compared « Age: younger age had increased rates
with baseline of acquired morbidity

(preadmission) scores
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Online Supplementary Table 1. Observational Studies in PICU Patients (Cont'd)

Study Reference Population Outcome Follow-up Outcomes Risk Factors
Characteristics Measures Used Time(s) for Morbidities
General PICU Patients
Pollack et al, 20157 n=10,078 Mortality, FSS, Hospital discharge Acquired morbidity: 4.6%; * Dichotomous model: increasing
acquired morbidity: mortality: 2.7% PRISM III scores were associated
General and cardiac/ FSS increase of >3 with increasing acquired
cardiovascular PICUs from ~ compared to baseline morbidity and mortality risks
7 sites (premorbid) « Trichotomous model: acquired
morbidity risk initially increased
Median (IQR) age 3.7 with higher PRISM III scores, but
(0.8 -10.8) years further decreased among children
with the highest risks of mortality
Pinto et al, 2017* n=77 (6 months follow-up) Mortality, acquired Baseline 6 months: « Longer PICU length of stay
morbidity: FSS (preadmission), Mortality 7.8% and number of ventilation days
n =70 (3 years follow-up) increase of >3 hospital discharge, Acquired morbidity 6.5% correlated with worsening of
General PICU compared to baseline 6 months, 3 years 3 years: FSS over time. All the above and
Median (IQR) age (premorbid) aftgr hospital Mortality 10.4% Va.soactlve‘ medlcatu?n.s correlated
8.60 (2.10— 11.90) years discharge ey (s e e G

ABAS-II: Adaptive Behaviour Assessment System-1I; BRIEF: Behaviour Rating Inventory of Executive Function; CBCL: Child Behaviour Checklist; cEEG: Continuous electroencephalography;
CF: Child Form; CF87: Child Form 87; CHQ: Child Health Questionnaire; CPP: Cerebal perfusion pressure; DRS: Disability Rating Scale; ECMO: Extracorporeal membrane oxygenation; EPCR:
Extracorporeal cardiopulmonary resuscitation; FIM: Functional independence measurement; FSS: Functional Status Score; GCS: Glasgow Coma Score; GINA: Global Initiative for Asthma;
GOS: Glasgow Outcome Scale; GOS-E: Glasgow Outcome Scale (Extended Paediatric Version); HSUV: Health Status Utility Index; HUI: Health Utility Index; ICP: Intracranial pressure; IQR:
Inter quartile range; IT97: Infant Toddler 97; MGOS: Modified Glasgow Outcome Scale; PF: Parent Form; PICU: Paediatric intensive care unit; PCCU: Paediatric cardiac critical unit; PCPC:
Paediatric Cerebral Performance Category; PedsQL: Paediatric Quality of Life Inventory; PF50: Parent Form 50; PIM: Paediatric Index of Mortality; PIQ: Performance Intelligence Quotient;
POPC: Paediatric Overall Performance Category; PRISM: Paediatric risk of mortality; RAHC MOF: Royal Alexandra Hospital for Children Measure of Function; RE: Rehabilitation efficiency;
SD: Standard deviation; TAPQOL-TNO-AZL: Preschool Children Quality of Life Questionnaire; TBI: Traumatic brain injury; THAPCA-OH: Therapeutic hypothermia after paediatric cardiac
arrest out-of-hospital; VABS-II: Vineland Adaptive Behaviour Scale-1I; VAS: Visual Analogue Scale
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Online Supplementary Table 1. Observational Studies in PICU Patients (Cont'd)

Study Reference Population Outcome Follow-up Outcomes Risk Factors

Characteristics Measures Used Time(s) for Morbidities
PICU Long Stayers
Namachivayam et al, 2012" n=233 Mortality, functional Median of 4 years Functional outcome of survivors: NA

status: MGOS, quality (IQR 1.4 —7.6) after 13.3% normal
PICU long-stayers of Life: HUI1 discharge from PICU 15.4% mild disability
(>28 days) 8.4% moderate disability
Median age 4.2 13.3% severe disability
(IQR 0.38 — 41.5) months 49.6% death

QoL of survivors aged >2 years:
21% good
8% moderate
6% poor
68% very poor

ABAS-II: Adaptive Behaviour Assessment System-II; BRIEF: Behaviour Rating Inventory of Executive Function; CBCL: Child Behaviour Checklist; cEEG: Continuous electroencephalography;
CF: Child Form; CF87: Child Form 87; CHQ: Child Health Questionnaire; CPP: Cerebal perfusion pressure; DRS: Disability Rating Scale; ECMO: Extracorporeal membrane oxygenation; EPCR:
Extracorporeal cardiopulmonary resuscitation; FIM: Functional independence measurement; FSS: Functional Status Score; GCS: Glasgow Coma Score; GINA: Global Initiative for Asthma;
GOS: Glasgow Outcome Scale; GOS-E: Glasgow Outcome Scale (Extended Paediatric Version); HSUV: Health Status Utility Index; HUI: Health Utility Index; ICP: Intracranial pressure; IQR:
Inter quartile range; IT97: Infant Toddler 97; MGOS: Modified Glasgow Outcome Scale; PF: Parent Form; PICU: Paediatric intensive care unit; PCCU: Paediatric cardiac critical unit; PCPC:
Paediatric Cerebral Performance Category; PedsQL: Paediatric Quality of Life Inventory; PF50: Parent Form 50; PIM: Paediatric Index of Mortality; PIQ: Performance Intelligence Quotient;
POPC: Paediatric Overall Performance Category; PRISM: Paediatric risk of mortality; RAHC MOF: Royal Alexandra Hospital for Children Measure of Function; RE: Rehabilitation efficiency;
SD: Standard deviation; TAPQOL-TNO-AZL: Preschool Children Quality of Life Questionnaire; TBI: Traumatic brain injury; THAPCA-OH: Therapeutic hypothermia after paediatric cardiac
arrest out-of-hospital; VABS-II: Vineland Adaptive Behaviour Scale-II; VAS: Visual Analogue Scale
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Online Supplementary Table 1. Observational Studies in PICU Patients (Cont'd)

Study Reference Population Outcome Follow-up Outcomes Risk Factors
Characteristics Measures Used Time(s) for Morbidities

PICU Long Stayers
Kirk et al, 20177f n=241 Mortality PICU discharge, General PICU: NA

PICU long stayers hospital discharge Overall PICU deaths: 3.9%

(>14 days) Long stayers:
Median (IQR) age 1.37 PICU mortality: 20%
(0.27 - 6.35) years Cumulative hospital mortality: 22%

ABAS-II: Adaptive Behaviour Assessment System-II; BRIEF: Behaviour Rating Inventory of Executive Function; CBCL: Child Behaviour Checklist; cEEG: Continuous electroencephalography;
CF: Child Form; CF87: Child Form 87; CHQ: Child Health Questionnaire; CPP: Cerebal perfusion pressure; DRS: Disability Rating Scale; ECMO: Extracorporeal membrane oxygenation;
EPCR: Extracorporeal cardiopulmonary resuscitation; FIM: Functional independence measurement; FSS: Functional Status Score; GCS: Glasgow Coma Score; GINA: Global Initiative for
Asthma; GOS: Glasgow Outcome Scale; GOS-E: Glasgow Outcome Scale (Extended Paediatric Version); HSUV: Health Status Utility Index; HUI: Health Utility Index; ICP: Intracranial
pressure; IQR: Inter quartile range; IT97: Infant Toddler 97; MGOS: Modified Glasgow Outcome Scale; PF: Parent Form; PICU: Paediatric intensive care unit; PCCU: Paediatric cardiac
critical unit; PCPC: Paediatric Cerebral Performance Category; PedsQL: Paediatric Quality of Life Inventory; PF50: Parent Form 50; PIM: Paediatric Index of Mortality; PIQ: Performance
Intelligence Quotient; POPC: Paediatric Overall Performance Category; PRISM: Paediatric risk of mortality; RAHC MOF: Royal Alexandra Hospital for Children Measure of Function; RE:
Rehabilitation efficiency; SD: Standard deviation; TAPQOL-TNO-AZL: Preschool Children Quality of Life Questionnaire; TBI: Traumatic brain injury; THAPCA-OH: Therapeutic hypothermia
after paediatric cardiac arrest out-of-hospital; VABS-II: Vineland Adaptive Behaviour Scale-1I; VAS: Visual Analogue Scale
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Online Supplementary Table 1. Observational Studies in PICU Patients (Cont'd)
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Characteristics Measures Used Time(s) for Morbidities

Cardiac Arrest Patients
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Online Supplementary Table 1. Observational Studies in PICU Patients (Cont'd)

Study Reference Population Outcome Follow-up Outcomes Risk Factors
Characteristics Measures Used Time(s) for Morbidities

Cardiac Arrest Patients
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cardiac arrest examination, and HUI3, 13% neurologic impairment pre-existing condition

HUI2; health-related
quality of life: (0 — 3 years:

was associated with

19% had 1 symptom suggestive of CKD )
worse patients’ general

Median (range) age at follow-up: 30% need rehabilitation

CHQ-IT97; 4 17 : health ti
8.7(24-18.3) years CHQ(—)PFSO"IZ B 17}’;2;1' 34%reported chronic symptoms (fatigue, callll perception
CHQ-CF87) headache, abdominal pain)

21% needed professional assistance for
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HUI2, HUI3 lower than normative data
HR-QoL:

Parent reported: lower on role
functioning, general health perceptions,
parental impact, and overall physical
summary compared to normative data
Self-reported: no difference from
normative data
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CF: Child Form; CF87: Child Form 87; CHQ: Child Health Questionnaire; CPP: Cerebal perfusion pressure; DRS: Disability Rating Scale; ECMO: Extracorporeal membrane oxygenation; EPCR:
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Inter quartile range; IT97: Infant Toddler 97; MGOS: Modified Glasgow Outcome Scale; PF: Parent Form; PICU: Paediatric intensive care unit; PCCU: Paediatric cardiac critical unit; PCPC:
Paediatric Cerebral Performance Category; PedsQL: Paediatric Quality of Life Inventory; PF50: Parent Form 50; PIM: Paediatric Index of Mortality; PIQ: Performance Intelligence Quotient;
POPC: Paediatric Overall Performance Category; PRISM: Paediatric risk of mortality; RAHC MOF: Royal Alexandra Hospital for Children Measure of Function; RE: Rehabilitation efficiency;
SD: Standard deviation; TAPQOL-TNO-AZL: Preschool Children Quality of Life Questionnaire; TBI: Traumatic brain injury; THAPCA-OH: Therapeutic hypothermia after paediatric cardiac
arrest out-of-hospital; VABS-II: Vineland Adaptive Behaviour Scale-II; VAS: Visual Analogue Scale
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Study Reference Population Outcome Follow-up Outcomes Risk Factors
Characteristics Measures Used Time(s) for Morbidities

Cardiac Arrest Patients

Slomine et al, n=>59 Neurobehavioural 1 year VABS-II composite and domain * Younger age,

2017"

Out of hospital cardiac arrest
(OHCA) patients, and who
were admitted to a PICU and
remained comatose within 6
hours of return of circulation
(ROC), with premorbid
VABS-II scores >70, original
RCT arms (69) : hypothermia

outcomes: VABS-II;
cognitive performance
measures (Mullen Scales of
Early Learning or Wechsler
Abbreviated Scale of
Intelligence); comparison
made between drowning
and other aetiologies of

scores declined significantly from
premorbid scores in drowning and
non-drowning groups, although
declines were less pronounced for the
drowning group. Decline in composite
scores, communication domain and
motor functioning is less pronounced
in drowning group. 72% of children

fewer doses of
epinephrine, and
drowning aetiology
were associated
with better VABS-II
composite scores at
1 year follow-up

cardiac arrest had well below average cognitive

functioning at 1-year

(target temperature - 33°C)
vs normothermia (target
temperature - 36.8°C)

Mean (SD) age:
Drowning group: 4.6 (4.16) years
Other actiologies: 5.1 (5.41) years

ABAS-II: Adaptive Behaviour Assessment System-11; BRIEF: Behaviour Rating Inventory of Executive Function; CBCL: Child Behaviour Checklist; cEEG: Continuous electroencephalography;
CF: Child Form; CF87: Child Form 87; CHQ: Child Health Questionnaire; CPP: Cerebal perfusion pressure; DRS: Disability Rating Scale; ECMO: Extracorporeal membrane oxygenation; EPCR:
Extracorporeal cardiopulmonary resuscitation; FIM: Functional independence measurement; FSS: Functional Status Score; GCS: Glasgow Coma Score; GINA: Global Initiative for Asthma;
GOS: Glasgow Outcome Scale; GOS-E: Glasgow Outcome Scale (Extended Paediatric Version); HSUV: Health Status Utility Index; HUI: Health Utility Index; ICP: Intracranial pressure; IQR:
Inter quartile range; IT97: Infant Toddler 97; MGOS: Modified Glasgow Outcome Scale; PF: Parent Form; PICU: Paediatric intensive care unit; PCCU: Paediatric cardiac critical unit; PCPC:
Paediatric Cerebral Performance Category; PedsQL: Paediatric Quality of Life Inventory; PF50: Parent Form 50; PIM: Paediatric Index of Mortality; PIQ: Performance Intelligence Quotient;
POPC: Paediatric Overall Performance Category; PRISM: Paediatric risk of mortality; RAHC MOF: Royal Alexandra Hospital for Children Measure of Function; RE: Rehabilitation efficiency;
SD: Standard deviation; TAPQOL-TNO-AZL: Preschool Children Quality of Life Questionnaire; TBI: Traumatic brain injury; THAPCA-OH: Therapeutic hypothermia after paediatric cardiac
arrest out-of-hospital; VABS-II: Vineland Adaptive Behaviour Scale-1I; VAS: Visual Analogue Scale
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Online Supplementary Table 1. Observational Studies in PICU Patients (Cont'd)

Study Reference Population Outcome Follow-up Outcomes Risk Factors
Characteristics Measures Used Time(s) for Morbidities

Cardiac Surgery Patients

Mogaetal, 20117 n=772 Composite morbidity- PCCU discharge 31% reached composite * There was a dose-response
Patients undergoing cardiac mortality outcome: hospital morbidity-mortality relationship between

surgery with cardiopulmonary death, cardiac arrest, renal/ endpoint hyperglycaemia and odds of

bypass in a paediatric cardiac hepatic failure, lactic reaching composite morbidity-
critical unit acidosis, ECMO use, or mortality endpoint.

infection Neonates (<1 month of age)

Median (range) age: tolerated longer periods of
No hyperglycaemia: 0.69 hyperglycaemia before showing

(0.02 - 14.5) increased odds of reaching the

Hyperglycaemia: 0.69 composite morbidity-mortality

(0.02 - 14.5) endpoint.
In the setting of important

residual cardiac lesions, mild or

moderate hyperglycacmia was

not as strongly associated with
adverse outcomes
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without seizures:
86 (64, 95)
ES: 94 (60, 97)
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Study Reference Population Outcome Follow-up Outcomes Risk Factors
Characteristics Measures Used Time(s) for Morbidities

Neurological Diagnosis Patients — Non-Traumatic Brain Injury

Abend et al, 2015™" n=60 Adaptive behaviour: Median 2.6 years ABAS: median (IQR) scores « ES and ESE were
Previously neurodevelopmentally ABAS-II; behavioural (IQR 1.2 -3.8) - no seizures: 105 (100, 118)  associated with worse
normal children with an acute and emotional problems: - ES: 92 (47, 106) adaptive behavioural
neurologic condition and altered CBCL; - ESE: 73 (48, 102) global composite
mental status who underwent cEEG ~ executive function: BRIEF CBCL: Median (IQR) scores scores

) - no seizures: 43 (37, 54)
Median age (IQR): ES: 37 (34, 52)
ABAS-2: 4.1 (2.0, 9.8) years - ESE: 61 (34, 65)
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electrographic status epilepticus (ESE)
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Inter quartile range; IT97: Infant Toddler 97; MGOS: Modified Glasgow Outcome Scale; PF: Parent Form; PICU: Paediatric intensive care unit; PCCU: Paediatric cardiac critical unit; PCPC:
Paediatric Cerebral Performance Category; PedsQL: Paediatric Quality of Life Inventory; PF50: Parent Form 50; PIM: Paediatric Index of Mortality; PIQ: Performance Intelligence Quotient;
POPC: Paediatric Overall Performance Category; PRISM: Paediatric risk of mortality; RAHC MOF: Royal Alexandra Hospital for Children Measure of Function; RE: Rehabilitation efficiency;
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arrest out-of-hospital; VABS-II: Vineland Adaptive Behaviour Scale-1I; VAS: Visual Analogue Scale
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Study Reference Population Outcome Follow-up Outcomes Risk Factors
Characteristics Measures Used Time(s) for Morbidities

Neurological Diagnosis Patients — Non-Traumatic Brain Injury

Lin et al, 2017 n=235 GOS: Baseline, 1 month, 6 6 months:
Febrile refractory status >4: good outcome months Cumulative mortality: 40%
epilepticus patients admitted <3: bad outcome Neurological functional
to PICU, with no history outcomes good in 27.3%
of underlying neurological Seizure outcomes: survivors, 2 returned to

disorders and prior seizures clinical baseline

1) intractable epilepsy

) ) 2) favourable outcome
Comparison of therapeutic burst-

suppression coma vs continuous
administration of intravenous
antiepileptic drugs

3) successful withdrawal
from antiepileptic drug
treatment

Mean age 9.58 + 4.05 years

ABAS-II: Adaptive Behaviour Assessment System-1I; BRIEF: Behaviour Rating Inventory of Executive Function; CBCL: Child Behaviour Checklist; cEEG: Continuous electroencephalography;
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SD: Standard deviation; TAPQOL-TNO-AZL: Preschool Children Quality of Life Questionnaire; TBI: Traumatic brain injury; THAPCA-OH: Therapeutic hypothermia after paediatric cardiac
arrest out-of-hospital; VABS-II: Vineland Adaptive Behaviour Scale-II; VAS: Visual Analogue Scale
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Online Supplementary Table 1. Observational Studies in PICU Patients (Cont'd)

Study Reference Population Outcome Follow-up Outcomes Risk Factors
Characteristics Measures Used Time(s) for Morbidities

Neurological Diagnosis — Traumatic Brain Injury

Grinkevi¢ilité et al, n=48 GOS Hospital discharge, 6 Hospital discharge GOS: * The difference in
2008+ PICU patients with severe head 4 — 5: Favourable outcome months 19/48 unfavourable outcomes between
injury (postresuscitation GCS 1 - 3: Unfavourable outcome 29/48 favourable patients with and without
<8) and treated according to 6 months: decompressive craniectomy
intracranial pressure (ICP)- Mortality 2.1% was not signiﬁcanAt, although
targeted protocol of severe head GOS: the former had higher ICP
trauma management ’ and lower CPP

5/48 unfavourable

43/48 favourable
Mean age 10.6 + 5.2 years

ABAS-II: Adaptive Behaviour Assessment System-1I; BRIEF: Behaviour Rating Inventory of Executive Function; CBCL: Child Behaviour Checklist; cEEG: Continuous electroencephalography;
CF: Child Form; CF87: Child Form 87; CHQ: Child Health Questionnaire; CPP: Cerebal perfusion pressure; DRS: Disability Rating Scale; ECMO: Extracorporeal membrane oxygenation; EPCR:
Extracorporeal cardiopulmonary resuscitation; FIM: Functional independence measurement; FSS: Functional Status Score; GCS: Glasgow Coma Score; GINA: Global Initiative for Asthma;
GOS: Glasgow Outcome Scale; GOS-E: Glasgow Outcome Scale (Extended Paediatric Version); HSUV: Health Status Utility Index; HUI: Health Utility Index; ICP: Intracranial pressure; IQR:
Inter quartile range; IT97: Infant Toddler 97; MGOS: Modified Glasgow Outcome Scale; PF: Parent Form; PICU: Paediatric intensive care unit; PCCU: Paediatric cardiac critical unit; PCPC:
Paediatric Cerebral Performance Category; PedsQL: Paediatric Quality of Life Inventory; PF50: Parent Form 50; PIM: Paediatric Index of Mortality; PIQ: Performance Intelligence Quotient;
POPC: Paediatric Overall Performance Category; PRISM: Paediatric risk of mortality; RAHC MOF: Royal Alexandra Hospital for Children Measure of Function; RE: Rehabilitation efficiency;
SD: Standard deviation; TAPQOL-TNO-AZL: Preschool Children Quality of Life Questionnaire; TBI: Traumatic brain injury; THAPCA-OH: Therapeutic hypothermia after paediatric cardiac
arrest out-of-hospital; VABS-II: Vineland Adaptive Behaviour Scale-II; VAS: Visual Analogue Scale
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Online Supplementary Table 1. Observational Studies in PICU Patients (Cont'd)

Study Reference Population Outcome Follow-up Outcomes Risk Factors
Characteristics Measures Used Time(s) for Morbidities

Neurological Diagnosis — Traumatic Brain Injury

Salorio et al, 2008%% n=>57 Cognitive outcome: 1 year postinjury NA * Higher initial GCS score was
performance 1Q (PIQ, associated with higher PIQ 1
Survivors of pacdiatric moderate ~ Wechsler Intelligence Scale year postinjury. Episodes of
and severe TBI (GCS 3 - 12) for Children). hypotension during the first day
admitted for rehabilitation after injury were associated with
Overall functional worse cognitive outcome at 1 year.
Mean age 10.8 +/- 3.2 years outcome: DRS Hypertension within the first 24

hours was associated with worse
DRS at | year

ABAS-II: Adaptive Behaviour Assessment System-1I; BRIEF: Behaviour Rating Inventory of Executive Function; CBCL: Child Behaviour Checklist; cEEG: Continuous electroencephalography;
CF: Child Form; CF87: Child Form 87; CHQ: Child Health Questionnaire; CPP: Cerebal perfusion pressure; DRS: Disability Rating Scale; ECMO: Extracorporeal membrane oxygenation; EPCR:
Extracorporeal cardiopulmonary resuscitation; FIM: Functional independence measurement; FSS: Functional Status Score; GCS: Glasgow Coma Score; GINA: Global Initiative for Asthma;
GOS: Glasgow Outcome Scale; GOS-E: Glasgow Outcome Scale (Extended Paediatric Version); HSUV: Health Status Utility Index; HUI: Health Utility Index; ICP: Intracranial pressure; IQR:
Inter quartile range; IT97: Infant Toddler 97; MGOS: Modified Glasgow Outcome Scale; PF: Parent Form; PICU: Paediatric intensive care unit; PCCU: Paediatric cardiac critical unit; PCPC:
Paediatric Cerebral Performance Category; PedsQL: Paediatric Quality of Life Inventory; PF50: Parent Form 50; PIM: Paediatric Index of Mortality; PIQ: Performance Intelligence Quotient;
POPC: Paediatric Overall Performance Category; PRISM: Paediatric risk of mortality; RAHC MOF: Royal Alexandra Hospital for Children Measure of Function; RE: Rehabilitation efficiency;
SD: Standard deviation; TAPQOL-TNO-AZL: Preschool Children Quality of Life Questionnaire; TBI: Traumatic brain injury; THAPCA-OH: Therapeutic hypothermia after paediatric cardiac
arrest out-of-hospital; VABS-II: Vineland Adaptive Behaviour Scale-1I; VAS: Visual Analogue Scale
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Online Supplementary Table 1. Observational Studies in PICU Patients (Cont'd)

Study Reference Population Outcome Follow-up Outcomes Risk Factors
Characteristics Measures Used Time(s) for Morbidities

Neurological Diagnosis — Traumatic Brain Injury

Tepas et al, 2009" n=60 Functional independence Not specified NA * Delayed inpatient rehab was
Patients with severe blunt TBI measurement (FIM) score associated with reduced rehabilitation
(initial GCS score <8) that Rehabilitation efficiency efficiency and reduced improvements
required resuscitation, critical (RE): ratio of FIM in FIM scores
care, and inpatient rehabilitation improvement to length
of stay for inpatient « Children with higher GCS score
Mean age: male 11.2 years, rehabilitation (6 — 8) exhibited a stronger negative
females, 10.6 years correlation between RE and delay

than children with GCS 3 -5

ABAS-II: Adaptive Behaviour Assessment System-1I; BRIEF: Behaviour Rating Inventory of Executive Function; CBCL: Child Behaviour Checklist; cEEG: Continuous electroencephalography;
CF: Child Form; CF87: Child Form 87; CHQ: Child Health Questionnaire; CPP: Cerebal perfusion pressure; DRS: Disability Rating Scale; ECMO: Extracorporeal membrane oxygenation; EPCR:
Extracorporeal cardiopulmonary resuscitation; FIM: Functional independence measurement; FSS: Functional Status Score; GCS: Glasgow Coma Score; GINA: Global Initiative for Asthma;
GOS: Glasgow Outcome Scale; GOS-E: Glasgow Outcome Scale (Extended Paediatric Version); HSUV: Health Status Utility Index; HUI: Health Utility Index; ICP: Intracranial pressure; IQR:
Inter quartile range; IT97: Infant Toddler 97; MGOS: Modified Glasgow Outcome Scale; PF: Parent Form; PICU: Paediatric intensive care unit; PCCU: Paediatric cardiac critical unit; PCPC:
Paediatric Cerebral Performance Category; PedsQL: Paediatric Quality of Life Inventory; PF50: Parent Form 50; PIM: Paediatric Index of Mortality; PIQ: Performance Intelligence Quotient;
POPC: Paediatric Overall Performance Category; PRISM: Paediatric risk of mortality; RAHC MOF: Royal Alexandra Hospital for Children Measure of Function; RE: Rehabilitation efficiency;
SD: Standard deviation; TAPQOL-TNO-AZL: Preschool Children Quality of Life Questionnaire; TBI: Traumatic brain injury; THAPCA-OH: Therapeutic hypothermia after paediatric cardiac
arrest out-of-hospital; VABS-II: Vineland Adaptive Behaviour Scale-II; VAS: Visual Analogue Scale
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$%$0nly children >1 month were included for this review, since after 1982, a separate neonatal ICU was established at the hospital.
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Study Reference

Population
Characteristics

Outcome
Measures Used

Follow-up
Time(s)

Outcomes

Risk Factors
for Morbidities

Neurological Diagnosis — Traumatic Brain Injury

Kapapaetal,2010""

n=48

Children who sustained
head trauma requiring
intensive care, who received
cerebral perfusion pressure
(CPP)-oriented management

Mean age 5.9 years
(range 19 days — 14.5 years)

Functional outcome:
GOS; quality of life:
Short Form 36 Health-
related Quality of Life
survey; health status:
Visual Analogue Scale;
others (unstructured
questionnaire):
physical sequelae,
impairments in daily
life, neuropsychological

Average 2.1 years

PICU discharge: 20.8% died, 8.3% GOS
2,16.7% GOS 3, 10.4% GOS 4, 43.8%
GOS 5

Long-term:

17 patients who were admitted in poor
condition, 6 had persistent paresis or
plegia, 5 had paresis of the cranial
nerves, 2 were incontinent, 4 had sensory
disorders, 7 had coordination disorders,

* Elevated blood levels
of glutamic-oxaloacetic-
transaminase on the day of
admission, elevated blood
urea and glucose on the
first 2 days, at least single
occurrences of cerebral
perfusion pressure values
below the recommended
standard, or mean arterial
pressure and central venous

and 5 had speech disorders. In 7 children
who were admitted in good condition,
3 had hyperesthesia and 1 had a speech
disorder

abilities, psychosocial
characteristics,
performance in school

pressure below the lower
limits correlated with worse
functional outcomes

Health status improved during the interval
between | year after the trauma and the
time of completing the questionnaire

ABAS-II: Adaptive Behaviour Assessment System-I1; BRIEF: Behaviour Rating Inventory of Executive Function; CBCL: Child Behaviour Checklist; cEEG: Continuous electroencephalography;
CF: Child Form; CF87: Child Form 87; CHQ: Child Health Questionnaire; CPP: Cerebal perfusion pressure; DRS: Disability Rating Scale; ECMO: Extracorporeal membrane oxygenation; EPCR:
Extracorporeal cardiopulmonary resuscitation; FIM: Functional independence measurement; FSS: Functional Status Score; GCS: Glasgow Coma Score; GINA: Global Initiative for Asthma;
GOS: Glasgow Outcome Scale; GOS-E: Glasgow Outcome Scale (Extended Paediatric Version); HSUV: Health Status Utility Index; HUI: Health Utility Index; ICP: Intracranial pressure; IQR:
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Online Supplementary Table 1. Observational Studies in PICU Patients (Cont'd)

Study Reference Population Outcome Follow-up Outcomes Risk Factors
Characteristics Measures Used Time(s) for Morbidities

Neurological Diagnosis — Traumatic Brain Injury
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Online Supplementary Table 1. Observational Studies in PICU Patients (Cont'd)

Study Reference Population Outcome Follow-up Outcomes Risk Factors
Characteristics Measures Used Time(s) for Morbidities

Neurological Diagnosis — Traumatic Brain Injury
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56.7% GOS1
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ABAS-II: Adaptive Behaviour Assessment System-1I; BRIEF: Behaviour Rating Inventory of Executive Function; CBCL: Child Behaviour Checklist; cEEG: Continuous electroencephalography;
CF: Child Form; CF87: Child Form 87; CHQ: Child Health Questionnaire; CPP: Cerebal perfusion pressure; DRS: Disability Rating Scale; ECMO: Extracorporeal membrane oxygenation; EPCR:
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Paediatric Cerebral Performance Category; PedsQL: Paediatric Quality of Life Inventory; PF50: Parent Form 50; PIM: Paediatric Index of Mortality; PIQ: Performance Intelligence Quotient;
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arrest out-of-hospital; VABS-II: Vineland Adaptive Behaviour Scale-II; VAS: Visual Analogue Scale
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Online Supplementary Table 1. Observational Studies in PICU Patients (Cont'd)

Study Reference Population

Characteristics

Outcome
Measures Used

Follow-up
Time(s)

Outcomes

Risk Factors
for Morbidities

Other Specific Populations

Ebrahim et al,
20137

n=91; 65 completed 1
month assessment
Urgently admitted (<12
hours notice) patients from

Adaptive behaviour:
VABS-II; functional
outcomes: PCPC and

POPC; quality of life:

1 month postadmission

24 hours (baseline), 1
month postadmission

VABS-II (1 month), mean (SD) 83.2
(+ 24.8) compared to a population
mean (SD) of 100 (x15);

« Worse adaptive
behaviour was correlated
with circulatory
diagnosis, worse initial

PedsQL and VAS PCPC score, worse
transcutaneous oxygen
saturation, and longer
cardiac compression
* Worse HRQoL
correlated with worse
initial PCPC, longer ICU
stay, and longer duration
of ECMO
» Worse functional
outcome correlated
with the same factors
as HRQoL, plus
neurological diagnosis

inpatient ward, or had an
ICU cardiac arrest and/
or received extracorporeal
membrane oxygenation
(ECMO) treatment
irrespective of the urgency
of their ICU admission

mean PedsQL (1 month) was 52.8

+27.9; from baseline to 1 month,

PCPC did not significantly change,
while POPC significantly improved

24 hours (baseline),
1 week, 1 month
postadmission

VAS significantly worsened from
baseline to 1 week, and significantly
improved from 1 week to 1 month
Mean age: 76.4 +69.3
months,
range 1 month to 18 years
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Online Supplementary Table 1. Observational Studies in PICU Patients (Cont'd)
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Online Supplementary Table 2. Quality Assessment of the Included Studies

Author Population Clearly Outcome Baseline Function Measured or Selection Bias Selective Loss to Follow-up
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*Study measured baseline status/scores of the children. Alternatively, study included controls in the form of normative population or matched children from non-PICU sources (eg. outpatient clinic).
Study did not exclude of >10% of studied/eligible population.

Study explained the characteristics of patients lost to follow-up compared to those remaining in the study, or did statistical modelling to account for loss to follow-up.
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Online Supplementary Table 2. Quality Assessment of the Included Studies (Cont'd)

Author Population Clearly Outcome Baseline Function Measured or Selection Bias Selective Loss to Follow-up
Defined Clearly Defined Control Group Included (for Excluded’ Excluded*
Long-Term Outcome)”
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NA: Not applicable

“Study measured baseline status/scores of the children. Alternatively, study included controls in the form of normative population or matched children from non-PICU sources (eg. outpatient clinic).
Study did not exclude of >10% of studied/eligible population.

Study explained the characteristics of patients lost to follow-up compared to those remaining in the study, or did statistical modelling to account for loss to follow-up.
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Online Supplementary Table 2. Quality Assessment of the Included Studies (Cont'd)

Author Population Clearly Outcome Baseline Function Measured or Selection Bias Selective Loss to Follow-
Defined Clearly Defined Control Group Included (for Excluded® up Excluded?
Long-Term Outcome)”
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*Study measured baseline status/scores of the children. Alternatively, study included controls in the form of normative population or matched children from non-PICU sources (eg. outpatient clinic).
Study did not exclude of >10% of studied/eligible population.

iStudy explained the characteristics of patients lost to follow-up compared to those remaining in the study, or did statistical modelling to account for loss to follow-up.
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