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Abstract
Objective This study systematically reviewed recent findings on neurocognitive functioning and health-related quality of 
life (HRQoL) of children after pediatric intensive care unit admission (PICU).
Data sources Electronic databases searched included Embase, Medline Ovid, Web of Science, Cochrane CENTRAL, and 
Google Scholar. The search was limited to studies published in the last five years (2015–2019).
Study selection Original studies assessing neurocognitive functioning or HRQoL in children who were previously admitted 
to the PICU were included in this systematic review.
Data extraction Of the 3649 identified studies, 299 met the inclusion criteria based on title abstract screening. After full-
text screening, 75 articles were included in the qualitative data reviewing: 38 on neurocognitive functioning, 33 on HRQoL, 
and 4 on both outcomes.
Data synthesis Studies examining neurocognitive functioning found overall worse scores for general intellectual functioning, 
attention, processing speed, memory, and executive functioning. Studies investigating HRQoL found overall worse scores 
for both physical and psychosocial HRQoL. On the short term (≤ 12 months), most studies reported HRQoL impairments, 
whereas in some long-term studies HRQoL normalized. The effectiveness of the few intervention studies during and after 
PICU admission on long-term outcomes varied.
Conclusions PICU survivors have lower scores for neurocognitive functioning and HRQoL than children from the general 
population. A structured follow-up program after a PICU admission is needed to identify those children and parents who are 
at risk. However, more research is needed into testing interventions in randomized controlled trials aiming on preventing or 
improving impairments in critically ill children during and after PICU admission.

Keywords Pediatric intensive care unit · Critical illness · Child health · Neuropsychology · Quality of life · Follow-up 
studies
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Plain English summary

As a result of improved survival rates, the focus of research 
into pediatric intensive care patients has shifted from mor-
tality to morbidities after discharge. Most studies focus-
ing on psychosocial follow-up outcomes investigate neu-
rocognitive functioning and health-related quality of life 
(HRQoL). The key problem is that no overview of the most 
important psychosocial outcomes after pediatric intensive 
care unit (PICU) admission exists in the literature. The cur-
rent study systematically reviews recent findings regarding 
neurocognitive and health-related quality of life outcomes 
after pediatric critical illness. Furthermore, it also gives 
information about interventions that were conducted to 
improve these outcomes and gives implications for a struc-
tured follow-up after PICU admission. Studies found overall 
worse scores for general intellectual functioning, attention, 
processing speed, memory, and executive functioning. 
Studies investigating HRQoL found overall worse scores 
for both physical and psychosocial HRQoL.

Introduction

Medical and technological improvements in the pediatric 
intensive care unit (PICU) in the past decades have reduced 
mortality dramatically to approximately 2–3% [1]. The focus 
in research has therefore shifted from mortality towards 
ongoing morbidities and daily life outcomes for critically 
ill children and their families after PICU discharge. Critical 
illness in children occurs at a time of growth and develop-
ment and may therefore influence maturation trajectories in 
multiple domains [1]. This has recently been conceptual-
ized as the internationally acknowledged post-intensive care 
syndrome in children (PICS-p) [2]. PICS-p covers morbidi-
ties in the following four developmental domains: physical, 
emotional, social, and cognitive functioning. Children and 
their families have to adapt to the changes in these PICS-p 
domains in reaching a new normal in daily life. The sub-
jective evaluation of the physical, emotional, and social 
domains together is conceptualized as health-related quality 
of life (HRQoL) [3]. The fourth domain, cognitive function-
ing refers to the internal mental processes underlying how 
children perceive stimuli, remember, speak, think, make 
decisions, and solve problems [4]. The four domains could 
be assessed both subjectively and objectively and give a 
complete view of the child’s daily functioning. Other earlier 
reviews in the field of PICS-p after PICU admission were 
done in specific PICU sub-population [5], excluded specific 
disease processes, interventions or age-groups [5–7], or 
under-recognized the importance of HRQoL as embedded 

assessment of social and emotional outcomes in validating 
the PICS-p framework [8, 9].

Our present review includes all recent studies until 2021 
investigating all four PICS-p domains: physical, emotional, 
and social functioning (HRQoL) and cognitive function-
ing in the total, heterogeneous PICU population from 0 to 
17 years old. This review will give an integrated view of 
the current knowledge of important PICS-p outcomes after 
pediatric critical illness and its predictors. Moreover, it also 
discusses the results of randomized controlled trials (RCTs) 
aiming on modifying PICS-p outcomes and implications for 
clinical follow-up programs.

Materials and methods

Search strategy and selection criteria

The systematic literature search was conducted on February 
26, 2021 to identify relevant articles published 2015–2020 
in the following electronic databases: Embase, Medline 
Ovid, Web of Science, Cochrane CENTRAL, and Google 
Scholar. Keywords used were pediatric intensive care, chil-
dren, adolescents, neurocognitive functioning, and health-
related quality of life (see Online Resource 1a for complete 
search strategy). The articles that resulted from the search 
were independently screened on title and abstract by two 
reviewers (JH + KD). Abstracts that did not overlap were dis-
cussed (JH + KD). Full-text screening was conducted by one 
reviewer (JH) and discussed with the other reviewer (KD). 
When full-text inclusion was debatable, another reviewer 
made the final decision about inclusion (KJ).

Studies were included when the following eligibility 
criteria were met: term born children to 18 years old who 
were admitted to a PICU; (neuro)cognitive functioning and/
or HRQoL assessed with validated, age appropriate meas-
urements with country-specific normative data or control 
groups in children who survived a PICU admission.

Exclusion criteria were the following: case reports and 
editorials; studies published in other languages than Eng-
lish; studies including neonates born preterm (gestational 
age < 36 weeks) admitted to the PICU or NICU when 
not reporting outcomes of term born children separately. 
When it was not clear whether a study included children 
born preterm (< 36 weeks), the authors were approached 
by e-mail to check. In case there was no response or 
when it remained unclear, the study was excluded. With 
regard to the neurocognitive outcome measurements, 
studies assessing neurocognitive functioning both by 
clinical and/or by proxy-reports of the parents or car-
egivers were included.
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Data extraction

For all eligible studies, the following variables were 
extracted: population studied, age at PICU admission (or age 
at follow-up in case age at admission was not mentioned), 
sample size, study design, time between PICU admission 
and follow-up, measurements used (clinical tests, parent-
reported or self-reported questionnaires), and main results. 
As to executing a meta-analysis of the results, this is dis-
couraged based on the following conditions: both RCTs 
and observational studies are included in this systematic 
review, different approaches for analyses were used in stud-
ies involved, and different outcomes with different instru-
ments were assessed [10, 11]. Under such conditions, a 
meta-analysis will not lead to a meaningful interpretation 
and was therefore not performed. A qualitative synthesis of 
the main results was done as follows: when the group mean 
of the patients was more than 1SD below normative data or 
mean score of healthy control children, scores were judged 
as impaired, when the group mean of patients was lower than 
normative data/healthy control data but within the normal 
range (within 1SD below the norm to average), they were 
judged as lower than average, and when scores were com-
parable or higher than the norm/healthy control data, they 
were judged as not impaired (see supplemental Table 1a and 
Online Resource 1b). To present the results in a structured 
way, studies in infants (group mean or median age less than 
12 months) and children (group mean/median age 12 months 
or older) were separately reported as well as studies focusing 
on the short term (12 months or less) and studies focusing on 
the long term (more than 12 months) after PICU admission. 
The qualitative synthesis of HRQoL is divided into over-
all HRQoL, physical HRQoL, and psychosocial HRQoL, 
following the scale structure of most HRQoL instruments. 
Both domains emotional functioning and social functioning 
are represented in the psychosocial HRQoL scale. When 
emotional and/or social subscales were reported separately, 
we averaged the outcomes. Normative data or control group 
outcomes reported in the paper were used as references. 
When these were not mentioned, internationally accepted 
normative data were used as reference.

Study quality

The methodological quality of the studies was assessed 
with appropriate scales [12]: the Cochrane Collabora-
tion’s Tool (CCT) for RCTs, the Newcastle–Ottawa Scale 
(NOS) for cohort studies, and the Agency for Healthcare 
Research and Quality (AHRQ) methodology checklist for 
cross-sectional studies [12]. The Cochrane Collaboration’s 
tool consists of seven components that can be scored with 
‘low risk,’ ‘high risk,’ or ‘unclear risk.’ For the current 

study, for each item judged as ‘high risk,’ one point was 
assigned, and for ‘low risk’ and ‘unclear risk’ zero points 
were assigned, which results in a maximum total score of 
seven points. The NOS consists of eight components and 
each component has a score of zero or one, with one com-
ponent a score of zero, one, or two, and a maximum of 
nine points to achieve. The ARHQ counts 11 items scoring 
zero or one, which results in a maximum total score of 11 
points.

Results

Study selection

A total of 3649 studies were identified. After reviewing 
title and abstract, 3350 studies were excluded. After full-
text screening of the remaining 299 articles for eligibility, 
a total of 75 articles (38 on neurocognitive functioning, 33 
on HRQoL, and 4 on both outcomes) met the inclusion cri-
teria and were included in the qualitative data reviewing. 
Thirty-eight studies investigated neurocognitive functioning 
(Fig. 1), with sample sizes ranging between 17 and 786, and 
32 with less than 100 study patients (Supplemental Table 1). 
Thirty-three studies examined HRQoL (Fig. 1), with sample 
sizes ranging between 6 and 1109, and 20 studies with less 
than 100 study patients (Supplemental Table 2). Four studies 
with sample sizes ranging between 25 and 43 investigated 
both neurocognitive functioning and HRQoL [13, 14]. Of 
the 75 articles included, 50 were prospective cohort studies, 
6 retrospective cohort studies, 2 cross-sectional studies, and 
17 RCTs (Supplemental Tables 1 and 2). Of these RCTs, 
ten studies reported effects of interventions during PICU 
admission and seven studies reported effects of interven-
tions during follow-up. Two RCTs investigated psychoso-
cial interventions, 15 RCTs examined the effect of disease 
management strategies.

Risk of bias assessment

The average risk of bias score of the 14 RCTs was 3.2 out of 
seven, with a range of zero to four. Most studies had a low 
risk of bias regarding the random sequence of the allocation 
to intervention groups. Almost all studies had problems with 
blinding participants to intervention groups. The average 
risk of bias score of the 50 cohort studies was 5.6 out of 
nine, with a range of three to eight. Selection bias was com-
mon due to inclusion criteria such as age restrictions. Fur-
thermore, studies frequently had no adequate follow-up or 
had no description of the patients lost to follow-up. The risk 
of bias score of the two cross-sectional studies included in 
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Table 1  Visual distribution of results of studies included in the systematic review on neurocognitive and HRQoL outcomes

Studies that reported data on differences between PICU patients and healthy control children/normative data are presented in the table. Studies 
are divided in three groups based on the mean results reported in the studies: white representing < 1SD below the average (x̅) of healthy children/
norm data, light gray representing between 1SD below and average of healthy children/norm data, and dark gray comparable or higher scores 
than average of healthy children/norm data
For studies reporting percentages, the division was made based on the normal distribution in the general population (Online Resource 1b) with 
34% scoring between average and 1SD, and 15,7% scoring more than 1SD below healthy children/norm data. When the results of the study 
reported a percentage that was higher than indicated in that category for healthy children, it was categorized as worse. For example, when 40% 
of the patients had scores between average and 1SD below average, this was marked as white as it is more than the expected 34% in the light 
gray column. Study numbers expressed in bold are studies with a large sample size including n = 100 patients or more
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- Not exclusively PICU 
survivors: 63 

- No quality of life or 
neurocogni�ve outcome: 

34 
- Children born preterm 

(<36 weeks): 52 
- No children included: 9 
- HRQoL not reported by 

child or parent/caregiver 1 
- No original study data: 63 

- No full text available: 2 

Studies included in 
qualita�ve synthesis 

(n =  75) 
38 studies examining 

neurocogni�ve outcomes 
33 studies examining 

HRQoL outcomes 
4 studies examining both 
neurocogni�ve outcomes 

and HRQoL outcomes 

Fig. 1  Flowchart of studies included in the systematic review according to the PRISMA statement
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this systematic review were 4 and 6 out of 11 (Supplemental 
tables 1a, 1b, 2a, and 2b for individual scores of the studies).

Neurocognitive functioning after PICU admission

Short‑term follow‑up (≤ 12 months) after PICU admission

In patients who were infants (< 12 months) at time of PICU 
admission, 5 studies were done with a short-term follow-
up (Supplemental Table 1a) [15–19]. Three out of these 5 
studies encompassed children who underwent surgery for 
congenital cardiac anomalies. They found that children had 
general intelligence scores within the normal range (standard 
scores between 85 and 115, Table 1) [16, 17, 19]. Longer 
length of PICU stay was correlated with lower general intel-
ligence [16, 17].

In patients one year or older at PICU admission, 11 stud-
ies were done (Supplemental Table 1a). Overall, studies 
reported lower scores compared to normative data regard-
ing intelligence, processing speed, executive functioning, 
memory, attention, and (visuo)motor functioning (Table 1) 
[20–30]. In children with traumatic brain injury, 3 studies 
found lower scores than normative data regarding general 
intelligence [25–27], processing speed [26], executive func-
tioning [26], working memory [26], and attention [25]. Fac-
tors associated with lower scores on attention were younger 
age at PICU admission, baseline levels of inattention, and 
higher serum levels of the biomarker neuron-specific enolase 
[25]. In children who underwent liver transplantation, longer 
length of PICU stay, longer follow-up time, and higher age 
were associated with worse executive functioning [30]. In 
an overlapping sample of children who were comatose after 
return of spontaneous circulation, five RCTs investigated 
normothermia versus hypothermia and reported that 33% to 
90% of children had general intelligence scores within 1SD 
below the norm. The effect of the RCT on general intelli-
gence outcomes was not reported [20–24].

Long‑term follow‑up (> 12 months) after PICU admission

In patients who were infants (< 12 months) at the time of 
PICU admission, 18 long-term studies were done (Sup-
plemental Table 1b). Overall, these studies reported lower 
scores than normative data on all neurocognitive domains 
(intelligence, processing speed, executive functioning, mem-
ory, attention, and visuo(motor) functioning, Table 1) [13, 
14, 31–45]. Patients treated with extracorporeal life support 
(ECLS) and extracorporeal membrane oxygenation (ECMO) 
were investigated in 10 of the 18 studies [13, 14, 18, 32, 36, 
38, 40, 42–44]. One research group conducted seven stud-
ies in an overlapping sample of patients treated with ECMO 
[13, 14, 36, 38, 42, 44, 46]. Most of these studies reported 
lower scores than normative data for general intelligence, 

memory, and attention. These scores were within the normal 
range, except for attention at eight years follow-up [38], and 
memory at 18 years follow-up [13], with scores more than 
1SD below the norm. In ECLS survivors, factors associated 
with lower general intelligence scores were lower weight 
[32], lower SES [32], more cardiac operations and catheteri-
zations [40], and older age at first cannulation [40]. Intel-
ligence was stable over time in patients treated with ECMO, 
assessed at the age of two, five, and eight years [38]. A study 
in patients who underwent surgery for congenital heart dis-
ease (at 4 years and 7 years of follow-up) with a relatively 
large sample size (N = 107) found that the differences in gen-
eral intelligence scores between patients and healthy controls 
decreased over time [39]. The two studies including children 
with traumatic brain injury at young age found long-term 
consequences for cognitive and language development [34, 
45] that worsen over time [45].

In patients who were one year or older at PICU admis-
sion, 8 studies were done (Supplemental Table 1b). Reasons 
for admission were traumatic brain injury [47], liver trans-
plantation [48, 49], acute neurological conditions [50], post-
operative delirium [51], or critical illness in general [52–54]. 
Overall, PICU survivors obtained lower scores on all neuro-
cognitive domains compared with normative data (Table 1). 
In a large sample of critically ill children (N = 786), two 
follow-up studies of an RCT concerning the start of supple-
mental parenteral nutrition (PN) on PICU admission (early 
from day one or late after one week) found that late PN was 
not harmful with regard to neurocognitive outcomes 2 and 
4 years later, and led to better scores for visuomotor integra-
tion [53], and parent-reported executive functioning [53], 
internalizing problems [54], and externalizing problems [53, 
54]. Overall, patients scored lower than matched healthy 
control children on neurocognitive outcomes [53, 54]. Fac-
tors associated with lower neurocognitive scores were longer 
length of PICU stay [51], more circulating phthalates [52], 
use of benzodiazepines [53, 54], and corticosteroids [53] 
during PICU admission, as well as higher premorbid devel-
opmental risk [51]. Use of alpha2 agonists during PICU 
admission [53, 54] was associated with better scores.

HRQoL after PICU admission

Short‑term follow‑up (≤ 12 months) after PICU admission

In patients who were infants (< 12 months) at the time 
of PICU admission, 3 studies were done (Supplemental 
Table 2a) [15, 55, 56]: all 3 studies found lower HRQoL 
scores compared with norm data on the Infant Toddler 
Quality of life Questionnaire (ITQoL), see Table 1. A daily 
sedation interruption intervention in children who required 
mechanical ventilation did not influence HRQoL on the 
short-term compared with protocolized sedation [56]. In 
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children who survived a cardiac arrest, parenteral burden 
scale scores on the child’s HRQoL questionnaire were worse 
than normative data [55]. Although scores remained below 
the norm, parental burden improved in the first year after 
PICU admission [55].

In patients who were one year or older at PICU admis-
sion, 18 studies were done (Supplemental Table 2a) [57–74]. 
Eleven of the 18 studies compared patients with normative 
data or healthy control children and found lower physical 
HRQoL scores [57–65, 69, 72] and 10 of these 11 studies 
found overall lower psychosocial HRQoL [57–60, 62–65, 
69, 72]. Four studies in the same pediatric sepsis cohort 
found lower parent-reported physical and psychosocial 
HRQoL than norm data [69, 70, 73, 74]. Risk factors were 
neurological complications during hospitalization, depend-
ence on a medical device 1 month post admission [69], 
and single parent families [70]. Risk factors for HRQoL at 
3 months were magnitude/duration of organ dysfunction, 
duration of hospitalization, and older age [73]. Of the total 
sample, 35% had deterioration in HRQoL that persisted up 
to 1 year after admission [74].

Four studies investigated the complete group of critically 
ill children irrespective of diagnosis [57–60]. One of these 
studies found that parents’ own mental health was associated 
with lower HRQoL scores they reported for their child [60]. 
During the first year after critical illness, physical HRQoL 
of critically ill children improved more than their psychoso-
cial HRQoL [57]. Factors associated with lower scores for 
physical and psychosocial domains in the complete group of 
critically ill children were older age, longer length of PICU 
stay, and worse disease severity [60]. In children with a brain 
insult, an RCT revealed that early rehabilitation (consist-
ing of physical therapy, occupational therapy, and speech 
and language therapy) was not superior to standard care in 
improving HRQoL [64]. In children with acute respiratory 
failure, nurse-implemented, goal-directed sedation versus 
usual care in children with acute respiratory failure had over-
all no effect on HRQoL outcomes [62]. For severely burned 
children, a community-based exercise program improved 
some physical and psychosocial HRQoL scales compared 
with a hospital based exercise program [66].

Long‑term follow‑up (> 12 months) after PICU admission

In patients who were infants (< 12 months) at the time 
of PICU admission, 12 studies were done (Supplemental 
Table 2b) [13, 14, 45, 75–83]. Five [75–77, 80, 81] stud-
ies found overall lower physical and psychosocial HRQoL 
scores compared with normative data, see Table 1. The 
admission reasons vary between studies: after ECMO treat-
ment [76, 77, 81], for cardiac arrest [81], and for perina-
tal asphyxia [75]. Children who were treated with ECMO 
obtained lower physical and psychosocial HRQoL scores 

compared with normative data; 43% of the neonates treated 
with ECMO had scores below 1SD of normative data at 5 
years of follow-up [81], 90% of the neonates treated with 
ECMO had no disabilities 20 years later [76], and patients 
treated with ECMO younger than 13 years scored lower than 
normative data, whereas survivors 13 years or older did not 
[77]. One study in children with abusive head trauma overall 
fond better parent-reported HRQoL [45]. A study in a het-
erogeneous group of critically ill children found that 93% 
had an overall good HRQoL [82]. Factors associated with 
lower outcomes in children aged younger than 12 months 
were need of mechanical ventilation [82] and neurological 
complications (particularly intracranial ischemia or hem-
orrhage) [81]. Three studies investigated the discrepancy 
between child reports and parent reports [78–80] of which 
2 studies reported better self-reported than parent-reported 
HRQoL in children with a cardiac arrest and in those need-
ing mechanical circulatory support [78, 80].

In patients who were one year or older at PICU admis-
sion, 5 studies were done (Supplemental Table 2b) [83–87]. 
One study in critically ill children in general with a large 
sample size (N = 1109) [87] reported that approximately 10% 
of the children scores more than 2SD below the norm for 
physical and psychosocial HRQoL, associated with an elec-
tive admission and a neurological diagnosis [87]. Another 
large study (n = 786) found overall lower HRQoL in a het-
erogeneous group of critically ill children compared with 
n = 406 healthy matched control children. Additionally, in 
younger children worse growth and development scores 
and older children worse role functioning and mental health 
scores were found [83]. The other (smaller) studies (in chil-
dren with cerebral palsy after spinal arthrodesis, patients 
treated with ECMO, and children with traumatic brain 
injury) also found lower physical HRQoL and psychosocial 
HRQoL [84–86].

Discussion

This systematic review found overall lower scores for neu-
rocognitive functioning and HRQoL in children admitted 
to the PICU compared to healthy control children or nor-
mative data from the general population. However, many 
studies reported mean or median scores for neurocognitive 
functioning within the normal range. Scores that fall within 
the normal range are scores within 1SD above or below the 
norm mean. With regard to HRQoL, most studies found that 
more than half of the children had an average HRQoL after 
PICU admission.

Studies that investigated the short-term follow-up of 
patients who were infants at PICU admission are limited 
to 5 published studies. The reason for this lack of studies in 
infants is understandable for neurocognitive functioning due 
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to the difficulties in conducting neurocognitive assessment 
in infants and young children. These difficulties are a result 
of incomplete brain development of most domains of neuro-
cognitive functioning below the age of five years old. There-
fore, general intellectual functioning can be assessed in 
these young children, but for example executive functioning 
can not. However, for HRQoL no age restrictions exist, and 
parent-reported measurements are also validated for young 
children [88]. To have a more complete view of the first year 
after critical illness in infants, more studies should focus on 
development and HRQoL. In both infants and older children, 
studies focusing on HRQoL reported lower scores than the 
norm in the short term, but in the long term, a substantial 
part of the studies reported HRQoL scores comparable or 
even better than the norm. This could possibly be explained 
by the biopsychosocial model for recovery as published 
by Atkins et al. [3]. This model explains that after PICU 
discharge recovery takes place in three domains: physical 
functioning, emotional functioning, and social functioning. 
After a longer period of time, recovery in these domains 
leads to a response shift, that includes adjustments to shift 
from experiencing a traumatic event to returning to ‘normal’ 
life. Thus, although these children might still be impaired 
in domains of post-intensive care syndrome (PICS-p) [89], 
such as neurocognitive functioning, how they cope with their 
impairments (or how parents appraise these impairments in 
their child) is adapted and is not evaluated as impaired any 
longer [3]. On the other hand, it could also be possible that 
impairments disappear over time and do not affect daily life 
any longer.

Interventions on the PICU and follow‑up

A number of factors were reported to predict worse neu-
rocognitive and HRQoL outcomes after PICU admission. 
These predictors include pre-existing factors (such as lower 
weight, lower SES), but also factors related to the manage-
ment at the PICU (such as use of benzodiazepines and cor-
ticosteroids), of which the latter are modifiable. In infants 
at time of PICU admission, longer length of PICU stay was 
associated with worse general intelligence scores in the short 
term (≤ 12 months after PICU admission) [16, 17]. In the 
long term (> 12 months after PICU admission), worse scores 
in infants were predicted by lower weight [32], lower SES 
[32], and older age [40] predicted worse general intelligence 
scores. In children aged 12 months or older at the time of 
PICU admission factors that were associated with worse neu-
rocognitive scores were higher baseline levels of inattention 
[25], higher serum levels of the biomarker neuron-specific 
enolase [25], longer length of PICU stay [30], and longer 
follow-up time [30] on the short term. In one study younger 
age at PICU admission was reported to predict worse scores 

for attention [25], but in another study higher age predicted 
worse scores for executive functioning [30]. This difference 
could be related to the difference in domains or to the differ-
ence in reason for admission, respectively, traumatic brain 
injury [25] and liver transplantation [30]. In the long term, 
longer length of PICU stay [51], more circulating phthalates 
[52] and use of benzodiazepines and corticosteroids during 
PICU admission [53], and higher premorbid developmental 
risk [51] were associated with worse neurocognitive scores. 
For HRQoL, factors associated with lower scores on the long 
term for infants were the need of mechanical ventilation [82] 
and neurological complications (intracranial ischemia or 
hemorrhage) [81]. For children aged 12 months or older, 
older age, longer length of stay and worse disease severity 
[60] were associated with lower HRQoL in the short term, 
and in the long term an elective PICU admission and neu-
rological diagnosis [87]. In conclusion, these predictors are 
pre-existing factors or factors related to the management at 
the PICU, which may be modifiable.

Some studies have tried to influence these factors through 
psychosocial and disease management interventions, both 
during PICU admission and follow-up, to improve short-
term and long-term outcomes related to neurocognitive 
functioning and HRQoL. Starting late with supplemental 
parenteral nutrition during the first week of critical illness 
compared to starting early had a positive effect on some 
neurocognitive domains [53, 54]. Hypothermia versus nor-
mothermia [75] and different sedation procedures did not 
reveal differences in HRQoL outcomes [56, 62, 63]. Two 
RCTs tried to improve HRQoL by rehabilitation [64, 66] 
and found that, after PICU discharge, an exercise program 
near home was slightly more effective than a program at 
the hospital [66] and that early protocolized rehabilitation 
(< 72 h of PICU admission) was not better than usual care 
[64]. A working memory training (Cogmed) improved work-
ing memory only immediately after the training, and the 
training had no effect on HRQoL outcomes [14]. Although 
some intervention studies tried to improve outcomes by 
affecting predictors, there is a lack of research on mitigat-
ing adverse PICS-p outcomes in critically ill children using 
RCTs. One of the under investigated fields is the importance 
of parents in the recovery of critically ill children after PICU 
discharge, investigating for example the effect of monitoring 
and empowering parents on the PICU through shared deci-
sion making and the influence on PICS-p outcomes after 
PICU discharge [90].

Implications for follow‑up

The survival rates at the PICU have increased in the last dec-
ades [91],which presents the challenge of limiting morbidity 
related to PICS-p. Some critically ill children obtained worse 
neurocognitive functioning and HRQoL outcomes compared 
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with children from the general population. It is important 
to gain insight in this group of critically ill children and 
their parents to prevent cognitive problems or psychiatric 
problems such as anxiety, depression, or posttraumatic stress 
they may develop after PICU admission of the child [92]. 
Psychoeducation and parent support (teaching skills and 
emotional support) during PICU admission and directly 
after discharge are important [93]. During follow-up, all 
children and families should be monitored neurocognitive 
and psychosocially to find those at risk for impaired develop-
ment and developing morbidities. Since some children and 
parents have delayed reactions with regard to psychosocial 
symptoms [94], this monitoring should be done both short 
term and long term [6]. Furthermore, psychosocial interven-
tions should be offered to families at high risk for psycho-
social problems. Although some studies reported predictors 
for parents at risk, for example parents with higher baseline 
stress levels, there is also a lack of multi-factorial predictive 
models for parental and children’s outcomes [93]. Such pre-
dictive models might guide (neuro)psychologists, involved 
in providing follow-up care, in selecting accurate neurocog-
nitive tests, including assessment of attention, memory, and/
or executive functioning, and validated HRQoL question-
naires and other psychosocial questionnaires to monitor psy-
chiatric problems. Moreover, these predictive models might 
guide which psychosocial innervations might be deployed. 
However, there is also a lack of research into the effective-
ness of psychosocial interventions critically ill children and 
their families with high risk for psychosocial problems.

With regard to the neurocognitive test battery used in the 
studies, only one research group assessed different domains 
of neurocognitive functioning (as part of a structured longi-
tudinal clinical follow-up program) at different time points 
until the age of 18 years which was in a group of patients 
treated with ECMO [13, 14, 36, 38, 42, 43]. Overall, they 
found impairments in general intellectual functioning, atten-
tion, memory, and executive functioning. Interestingly, the 
other studies included in this review that investigated neu-
rocognitive functioning assessed general intellectual func-
tioning only, or exclusively investigated a certain domain of 
neurocognitive functioning (Table 1). General intellectual 
functioning is usually called intelligence and includes abili-
ties (such as logical reasoning, problem-solving, learning, 
and verbal skills) that allows a person to understand the real-
ity and to interact with it [95]. Although general intellectual 
functioning is predictive of school functioning, it is impor-
tant to understand which, more specific, neurocognitive 
domain has been impaired. In neuropsychology, the model 
of hierarchy of neurocognitive domains has often been used 
to map developmental problems of the child. In this neu-
rocognitive hierarchy, lower functions, such as sensation 
and attention, affect the outcomes of the higher neurocogni-
tive domain memory. Impairments in memory functioning 

affects, in turn, the development of executive functioning 
[96]. When impairments exist in the lower domains of the 
hierarchy, patients will experience more consequences in 
daily life as it will affect the higher neurocognitive domains 
[96]. Therefore, it is important to assess all layers of the 
hierarchy to figure out where the problem exists.

HRQoL is usually assessed by the parent or caregiver, as 
young children are not able to report on their own HRQoL. 
Studies that also included children who were old enough 
to self-report, found that parents’ proxy-reports were worse 
than self-reports [78, 80]. Furthermore, the mental HRQoL 
of the parent itself was a predictor of HRQoL scores they 
reported for their child, which is a result of shared variance 
of the informant [60]. The value of proxy-reports is often 
debated. A systematic review examining the similarities 
and differences between reports of children and their par-
ents concluded that it is not the question who of the inform-
ants is right, but that the discrepancies in outcomes between 
informants are rather a reflection of differences in their per-
spectives which gives valued information about the parent 
and the child [97]. Therefore, a multi-informant approach 
is recommended (both child and parent PROMs) in daily 
clinical practice.

Strengths and limitations

A strength of the current study is that the literature search 
was conducted using rigorous methodology with the sup-
port of a librarian. Furthermore, it describes the legacy of a 
PICU admission on the crucial domains of daily life, namely 
cognitive, physical, emotional, and social health, described 
as PICS-p [98]. This systematic review investigated all these 
domains, including HRQoL which is the subjective evalua-
tion of physical, emotional, and social health. Although one 
reviewer discussed all the full texts with another reviewer, 
a limitation is that not both reviewers read all the full texts. 
Furthermore, a second weakness is the large heterogeneity 
across studies with regard to study design, domains assessed, 
instruments used, analysis methods, and reporting results. 
Furthermore, most studies did not report standard scores, 
which makes it hard to compare results between studies. The 
majority of studies focused on specific diseases or diagnoses 
which makes it impossible to draw firm conclusions. Previ-
ous reviews excluded studies focusing on electively admitted 
children or on specific diagnosis [5, 89, 99], or excluded 
neonates admitted to the PICU [100]. Studies included in 
this systematic review are representative for the complete 
group of PICU survivors as no patient populations were 
excluded and most common reasons for a PICU admission 
were covered, particularly respiratory disease, cardiac dis-
ease, and neurologic disorders [101]. Lastly, the quality of 
studies varied with a number of studies having a high risk 
of bias, urging for high-quality future research.
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Conclusions

This study pointed out that the population of PICU survi-
vors, overall, experiences worse neurocognitive functioning 
and HRQoL compared to children from the general popula-
tion, both in the short term and long term. These morbidities 
that children experience after PICU discharge are previously 
described as PICS-p which includes physical, cognitive, 
emotional, and social problems. A number of RCTs have 
tried to influence PICS-p during or after PICU admission 
and showed varying results regarding long-term follow-up. 
More research is needed into interventions, tested in RCTs, 
aiming on preventing or improving impairments in neuro-
cognitive functioning and HRQoL. Moreover, more research 
is needed into predicting which critically ill children are 
at risk for worse PICS-p outcomes and might benefit from 
these interventions.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s11136- 022- 03124-z.

Authors' contributions All authors contributed to the study conception 
and design. JH and KD gathered data and analyzed the data. SV, CB, 
EU, and KJ are co-supervising the study. JH wrote the manuscript, 
which was reviewed and approved by all authors. All authors jointly 
decided to publish.

Funding This work was supported by Sophia Foundation (SSWO) to 
SV.

Data availability Not applicable.

Code availability Not applicable.

Declarations 

Conflict of interest The funders of the study had no role in study de-
sign, data collection, data analysis, data interpretation, writing of the 
report, or the decision to submit for publication. The corresponding 
author had final responsibility for the decision to submit for publica-
tion.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Pollack, M. M., Holubkov, R., Funai, T., Clark, A., Berger, J. 
T., Meert, K., Newth, C. J., Shanley, T., Moler, F., Carcillo, J., 
Berg, R. A., Dalton, H., Wessel, D. L., Harrison, R. E., Doctor, 
A., Dean, J. M., & Jenkins, T. L. (2014). Pediatric intensive care 
outcomes: development of new morbidities during pediatric criti-
cal care. Pediatric Critical Care Medicine, 15(9), 821–827.

 2. Long, D. A., & Fink, E. L. (2021). Transitions from short to 
long-term outcomes in pediatric critical care: Considerations for 
clinical practice. Translational Pediatrics, 10(10), 2858–2874.

 3. Atkins, E., Colville, G., & John, M. (2012). A “biopsychosocial” 
model for recovery: A grounded theory study of families’ jour-
neys after a Paediatric Intensive Care Admission. Intensive & 
Critical Care Nursing, 28(3), 133–140.

 4. Benjafield, J. G. (2010). Cognition (4th ed.). Oxford University 
Press.

 5. Kachmar, A. G., Irving, S. Y., Connolly, C. A., & Curley, M. A. 
Q. (2018). A systematic review of risk factors associated with 
cognitive impairment after pediatric critical illness. Pediatric 
Critical Care Medicine, 19(3), e164–e171.

 6. Killien, E. Y., Loftis, L. L., Clark, J. D., Muszynski, J. A., 
Rissmiller, B. J., Singleton, M. N., White, B. R., Zimmerman, 
J. J., Maddux, A. B., Pinto, N. P., Fink, E. L., Watson, R. S., 
Smith, M., Ringwood, M., Graham, R. J., Post, P., & Injury, P.-
C.I. (2021). Health-related quality of life outcome measures for 
children surviving critical care: a scoping review. Quality of Life 
Research, 30(12), 3383–3394.

 7. Procter, C., Morrow, B., Pienaar, G., Shelton, M., & Argent, A. 
(2021). Outcomes following admission to paediatric intensive 
care: A systematic review. Journal of Paediatrics and Child 
Health, 57(3), 328–358.

 8. Ko, M. S. M., Poh, P. F., Heng, K. Y. C., Sultana, R., Murphy, 
B., Ng, R. W. L., & Lee, J. H. (2022). Assessment of long-term 
psychological outcomes after pediatric intensive care unit admis-
sion: A systematic review and meta-analysis. JAMA Pediatrics, 
76, e215767.

 9. Killien, E. Y., & Zimmerman, J. J. (2022). Long-term psycho-
logical morbidity among children surviving critical illness and 
injury. JAMA Pediatrics, 176, e215775.

 10. Borenstein, M., Hedges, L. V., Higgins, J. P. T., & Rothstein, H. 
R. (2009). Introduction to meta-analysis. Wiley.

 11. Higgins, J. P. T., Thomas, J., Chandler, J., Cumpston, M., Li, 
T., Page, M. J., & Welch, V. A. (2021). Cochrane handbook for 
systematic reviews of interventions version 6.2 (updated Febru-
ary 2021). Cochrane, 2021. Retrieved from www. train ing. cochr 
ane. org/ handb ook.

 12. Zeng, X., Zhang, Y., Kwong, J. S., Zhang, C., Li, S., Sun, F., 
Niu, Y., & Du, L. (2015). The methodological quality assess-
ment tools for preclinical and clinical studies, systematic review 
and meta-analysis, and clinical practice guideline: A systematic 
review. Journal of Evidence-Based Medicine, 8(1), 2–10.

 13. Madderom, M. J., Schiller, R. M., Gischler, S. J., Van Heijst, 
A. F. J., Tibboel, D., Aarsen, F. K., & Ijsselstijn, H. (2016). 
Growing up after critical illness: Verbal, visual-spatial, and 
working memory problems in neonatal extracorporeal mem-
brane oxygenation survivors. Critical Care Medicine, 44(6), 
1182–1190.

 14. Schiller, R. M., Madderom, M. J., van Rosmalen, J., van Heijst, 
A. F. J., de Blaauw, I., Utens, E., Rietman, A. B., Verhulst, F., 
Tibboel, D., & White, T. (2018). Working memory training fol-
lowing neonatal critical illness: a randomized controlled trial. 
Critical Care Medicine, 46(7), 1158–1166.

 15. Bembea, M. M., Felling, R. J., Caprarola, S. D., Ng, D. K., Tekes, 
A., Boyle, K., Yiu, A., Rizkalla, N., Schwartz, J., Everett, A. 

https://doi.org/10.1007/s11136-022-03124-z
http://creativecommons.org/licenses/by/4.0/
http://www.training.cochrane.org/handbook
http://www.training.cochrane.org/handbook


2611Quality of Life Research (2022) 31:2601–2614 

1 3

D., & Salorio, C. (2020). Neurologic outcomes in a two-center 
cohort of neonatal and pediatric patients supported on extracor-
poreal membrane oxygenation. ASAIO Journal, 66(1), 79–88.

 16. Khalid, O. M., & Harrison, T. M. (2019). Early neurodevelop-
mental outcomes in children with hypoplastic left heart syn-
drome and related anomalies after hybrid procedure. Pediatric 
Cardiology, 40(8), 1591–1598.

 17. Meuwly, E., Feldmann, M., Knirsch, W., von Rhein, M., Payette, 
K., Dave, H., Tuura, R. O. G., Kottke, R., Hagmann, C., Latal, B., 
Jakab, A., Research Group, H., & Brain*. (2019). Postoperative 
brain volumes are associated with one-year neurodevelopmental 
outcome in children with severe congenital heart disease. Scien-
tific Reports, 9(1), 10885.

 18. Purkayastha, J., Dutta, M., Lewis, L. E., Ramesh Bhat, Y., Joshua 
Rajan, X., & Ayappa, G. (2018). Study of neurodevelopmental 
outcomes at 10–14 months of age using bayley scale of infant 
and toddler development in asphyxiated newborns with hypoxic 
ischemic encephalopathy treated with and without therapeutic 
hypothermia. Iranian Journal of Neonatology, 9(4), 1–6.

 19. Wei, X., Zhou, C., Ou, Y., & Qu, Q. (2019). Administration of 
surgical anesthetic dexmedetomidine improves cognitive and 
neurological function in infants with congenital heart disease. 
International Journal of Clinical and Experimental Medicine, 
12(6), 7527–7535.

 20. Slomine, B. S., Nadkarni, V. M., Christensen, J. R., Silverstein, F. 
S., Telford, R., Topjian, A., Koch, J. D., Sweney, J., Fink, E. L., 
Mathur, M., Holubkov, R., Dean, J. M., & Moler, F. W. (2017). 
Pediatric cardiac arrest due to drowning and other respiratory 
etiologies: Neurobehavioral outcomes in initially comatose chil-
dren. Resuscitation, 115, 178–184.

 21. Slomine, B. S., Silverstein, F. S., Christensen, J. R., Page, K., 
Holubkov, R., Dean, J. M., & Moler, F. W. (2018). Neuropsy-
chological outcomes of children 1 year after pediatric cardiac 
arrest: Secondary analysis of 2 randomized clinical trials. JAMA 
Neurology, 75(12), 1502–1510.

 22. Slomine, B. S., Silverstein, F. S., Christensen, J. R., Holubkov, 
R., Telford, R., Dean, J. M., & Moler, F. W. (2018). Neurobe-
havioural outcomes in children after In-Hospital cardiac arrest. 
Resuscitation, 124, 80–89.

 23. Slomine, B. S., Silverstein, F. S., Christensen, J. R., Holubkov, 
R., Page, K., Dean, J. M., & Moler, F. W. (2016). Neurobehav-
ioral outcomes in children after out-of-hospital cardiac arrest. 
Pediatrics, 137(4), e20153412.

 24. Christensen, J. R., Slomine, B. S., Silverstein, F. S., Page, K., 
Holubkov, R., Dean, J. M., & Moler, F. W. (2019). Cardiac arrest 
outcomes in children with preexisting neurobehavioral impair-
ment. Pediatric Critical Care Medicine, 20(6), 510–517.

 25. Wilkinson, A. A., Simic, N., Frndova, H., Taylor, M. J., Choong, 
K., Fraser, D., Campbell, C., Dhanani, S., Kuehn, S., Beauchamp, 
M. H., Farrell, C., Anderson, V., Guerguerian, A. M., Dennis, M., 
Schachar, R., & Hutchison, J. S. (2016). Serum biomarkers help 
predict attention problems in critically ill children with traumatic 
brain injury. Pediatric Critical Care Medicine, 17(7), 638–648.

 26. O’Brien, N. F., Maa, T., Moore-Clingenpeel, M., Rosenberg, N., 
& Yeates, K. O. (2018). Relationships between cerebral flow 
velocities and neurodevelopmental outcomes in children with 
moderate to severe traumatic brain injury. Childs Nervous Sys-
tem, 34(4), 663–672.

 27. Dennis, E. L., Ellis, M. U., Marion, S. D., Jin, Y., Moran, L., 
Olsen, A., Kernan, C., Babikian, T., Mink, R., Babbitt, C., John-
son, J., Giza, C. C., Thompson, P. M., & Asarnow, R. F. (2015). 
Callosal function in pediatric traumatic brain injury linked to dis-
rupted white matter integrity. Journal of Neuroscience, 35(28), 
10202–10211.

 28. Als, L. C., Tennant, A., Nadel, S., Cooper, M., Pierce, C. M., 
& Garralda, M. E. (2015). Persistence of neuropsychological 

deficits following pediatric critical illness. Critical Care Medi-
cine, 43(8), e312–e315.

 29. Kaur, J., Singhi, P., Singhi, S., Malhi, P., & Saini, A. G. (2015). 
Neurodevelopmental and behavioral outcomes in children with 
sepsis-associated encephalopathy admitted to pediatric intensive 
care unit: A prospective case control study. Journal of Child 
Neurology, 31(6), 683–690.

 30. Goldschmidt, I., van Dick, R., Jacobi, C., Junge, N., Pfister, E., 
Richter, N., & Baumann, U. (2019). Impact of immunosuppres-
sion on executive functioning after pediatric liver transplantation: 
An observational cohort study. Journal of Pediatric Gastroenter-
ology and Nutrition, 68(4), 480–487.

 31. Urschel, S., Bond, G. Y., Dinu, I. A., Moradi, F., Conway, J., 
Garcia-Guerra, G., Acton, B. V., Joffe, A. R., AlAklabi, M., 
Rebeyka, I. M., & Robertson, C. M. T. (2018). Neurocognitive 
outcomes after heart transplantation in early childhood. Journal 
of Heart and Lung Transplantation, 37(6), 740–748.

 32. Ryerson, L. M., Guerra, G. G., Joffe, A. R., Robertson, C. M. T., 
Alton, G. Y., Dinu, I. A., Granoski, D., Rebeyka, I. M., Ross, D. 
B., & Lequier, L. (2015). Survival and neurocognitive outcomes 
after cardiac extracorporeal life support in children less than 5 
years of age: A ten-year cohort. Circulation. Heart Failure, 8(2), 
312–321.

 33. Varghese, A. D., Kulkarni, V., Kamath, S. P., Shenoy, R. D., & 
Shanthram Baliga, B. (2018). Cognitive functions after neonatal 
encephalopathy in a coastal city of South India-A retrospective 
cohort study. Indian Journal of Public Health Research & Devel-
opment, 9(11), 274–280.

 34. Vassel-Hitier, J., Verdier, V., Rasquier, S., Chalard, A., Laurent-
Vannier, A., & Chevignard, M. (2019). Language, intellectual 
and educational outcomes after moderate-to-severe traumatic 
brain injury sustained before the age of 18 months. Brain Injury, 
33(8), 1105–1115.

 35. Wagenaar, N., van den Berk, D. J. M., Lemmers, P. M. A., van 
der Aa, N. E., Dudink, J., van Bel, F., Groenendaal, F., de Vries, 
L. S., Benders, M. J. N. L., & Alderliesten, T. (2019). Brain 
activity and cerebral oxygenation after perinatal arterial ischemic 
stroke are associated with neurodevelopment. Stroke, 50(10), 
2668–2676.

 36. Leeuwen, L., Schiller, R. M., Rietman, A. B., Van Rosmalen, J., 
Wildschut, E. D., Houmes, R. J. M., & Tibboel, D. (2018). Risk 
factors of impaired neuropsychologic outcome in school-Aged 
survivors of neonatal critical illness. Critical Care Medicine, 
46(3), 401–410.

 37. Naguib, A. N., Winch, P. D., Tobias, J. D., Yeates, K. O., Miao, 
Y., Galantowicz, M., & Hoffman, T. M. (2015). Neurodevelop-
mental outcome after cardiac surgery utilizing cardiopulmonary 
bypass in children. Saudi Journal of Anaesthesia, 9(1), 12–18.

 38. Schiller, R. M., Madderom, M. J., Reuser, J. J. C. M., Steiner, 
K., Gischler, S. J., Tibboel, D., Van Heijst, A. F. J., & Ijsselstijn, 
H. (2016). Neuropsychological follow-up after neonatal ECMO. 
Pediatrics, 138(5), e20161313.

 39. Sterken, C., Lemiere, J., Van den Berghe, G., & Mesotten, D. 
(2016). Neurocognitive development after pediatric heart sur-
gery. Pediatrics, 137(6), e20154675.

 40. Sadhwani, A., Cheng, H., Stopp, C., Rollins, C. K., Jolley, M. 
A., Dunbar-Masterson, C., Wypij, D., Newburger, J., Ware, J., & 
Thiagarajan, R. R. (2019). Early neurodevelopmental outcomes 
in children supported with ECMO for cardiac indications. Pedi-
atric Cardiology, 40(5), 1072–1083.

 41. Trieu, H. T., Anh, N. T. K., Vuong, H. N. T., Dao, T. T. M., Hoa, 
N. T. X., Tuong, V. N. C., Dinh, P. T., Wills, B., Qui, P. T., Van 
Tan, L., Yen, L. M., Sabanathan, S., & Thwaites, C. L. (2017). 
Long-term outcome in survivors of neonatal tetanus following 
specialist intensive care in Vietnam. BMC Infectious Diseases, 
17(1), 646.



2612 Quality of Life Research (2022) 31:2601–2614

1 3

 42. Schiller, R. M., Madderom, M. J., Rietman, A. B., Smits, M., 
van Heijst, A. F. J., Tibboel, D., White, T., & Muetzel, R. L. 
(2017). Neurobiologic correlates of attention and memory defi-
cits following critical illness in early life. Critical Care Medicine, 
45(10), 1742–1750.

 43. Van Den Bosch, G. E., Ijsselstijn, H., Van Der Lugt, A., Tibboel, 
D., Van Dijk, M., & White, T. (2015). Neuroimaging, pain sensi-
tivity, and neuropsychological functioning in school-age neona-
tal extracorporeal membrane oxygenation survivors exposed to 
opioids and sedatives. Pediatric Critical Care Medicine, 16(7), 
652–662.

 44. Schiller, R. M., Ijsselstijn, H., Madderom, M. J., van Rosmalen, 
J., van Heijst, A., Smits, M., Verhulst, F., Tibboel, D., & White, 
T. (2019). Training-induced white matter microstructure changes 
in survivors of neonatal critical illness: A randomized controlled 
trial. Developmental Cognitive Neuroscience, 38, 100678. https:// 
doi. org/ 10. 1016/j. dcn. 2019. 100678

 45. Eismann, E. A., Theuerling, J., Cassedy, A., Curry, P. A., Col-
liers, T., & Makoroff, K. L. (2020). Early developmental, behav-
ioral, and quality of life outcomes following abusive head trauma 
in infants. Child Abuse & Neglect, 108, 104643. https:// doi. org/ 
10. 1016/j. chiabu. 2020. 104643

 46. Schiller, R. M., van den Bosch, G. E., Muetzel, R. L., Smits, 
M., Dudink, J., Tibboel, D., Ijsselstijn, H., & White, T. (2017). 
Neonatal critical illness and development: White matter and 
hippocampus alterations in school-age neonatal extracorporeal 
membrane oxygenation survivors. Developmental Medicine and 
Child Neurology, 59(3), 304–310.

 47. Volpe, D. S. J., Oliveira, N. C. A. C., Santos, A. C., Linhares, M. 
B. M., & Carlotti, A. P. C. P. (2017). Neuropsychological out-
come of children with traumatic brain injury and its association 
with late magnetic resonance imaging findings: A cohort study. 
Brain Injury, 31(12), 1689–1694.

 48. Afshar, S., Porter, M., Barton, B., & Stormon, M. (2018). Intel-
lectual and academic outcomes after pediatric liver transplan-
tation: Relationship with transplant-related factors. American 
Journal of Transplantation, 18(9), 2229–2237.

 49. Eder, B., Melter, M., Gabler, V., Zant, R., & Knoppke, B. (2020). 
Risk factors associated with cognitive impairment in patients 
after pediatric liver transplantation. Pediatric Transplantation, 
25(2), e13879.

 50. Abend, N. S., Wagenman, K. L., Blake, T. P., Schultheis, M. T., 
Radcliffe, J., Berg, R. A., Topjian, A. A., & Dlugos, D. J. (2015). 
Electrographic status epilepticus and neurobehavioral outcomes 
in critically ill children. Epilepsy & Behavior, 49, 238–244.

 51. Meyburg, J., Ries, M., Zielonka, M., Koch, K., Sander, A., von 
Haken, R., & Reuner, G. (2018). Cognitive and behavioral con-
sequences of pediatric delirium: A pilot study. Pediatric Critical 
Care Medicine, 19(10), e531–e537.

 52. Verstraete, S., Vanhorebeek, I., Covaci, A., Güiza, F., Malarvan-
nan, G., Jorens, P. G., & Van den Berghe, G. (2016). Circulating 
phthalates during critical illness in children are associated with 
long-term attention deficit: A study of a development and a vali-
dation cohort. Intensive Care Medicine, 42(3), 379–392.

 53. Verstraete, S., Verbruggen, S. C., Hordijk, J. A., Vanhore-
beek, I., Dulfer, K., Güiza, F., van Puffelen, E., Jacobs, A., 
Leys, S., Durt, A., Van Cleemput, H., Eveleens, R. D., Garcia 
Guerra, G., Wouters, P. J., Joosten, K. F., & Van den Berghe, 
G. (2019). Long-term developmental effects of withholding 
parenteral nutrition for 1 week in the paediatric intensive care 
unit: A 2-year follow-up of the PEPaNIC international, ran-
domised, controlled trial. The Lancet Respiratory Medicine, 
7(2), 141–153.

 54. Jacobs, A., Dulfer, K., Eveleens, R. D., Hordijk, J., Van Cleem-
put, H., Verlinden, I., Wouters, P. J., Mebis, L., Guerra, G. G., 
Joosten, K., Verbruggen, S. C., Güiza, F., Vanhorebeek, I., & Van 

den Berghe, G. (2020). Long-term developmental effect of with-
holding parenteral nutrition in paediatric intensive care units: A 
4-year follow-up of the PEPaNIC randomised controlled trial. 
The Lancet Child & Adolescent Health, 4(7), 503–514.

 55. Meert, K., Slomine, B. S., Christensen, J. R., Telford, R., Holub-
kov, R., Dean, J. M., & Moler, F. W. (2018). Burden of caregiv-
ing after a child’s in-hospital cardiac arrest. Resuscitation, 127, 
44–50.

 56. Vet, N. J., De Wildt, S. N., Verlaat, C. W. M., Mooij, M. G., Tib-
boel, D., De Hoog, M., & Buysse, C. M. P. (2016). Short-term 
health-related quality of life of critically ill children following 
daily sedation interruption∗. Pediatric Critical Care Medicine, 
17(11), e513–e520.

 57. Aspesberro, F., Fesinmeyer, M. D., Zhou, C., Zimmerman, J. J., 
& Mangione-Smith, R. (2016). Construct validity and respon-
siveness of the pediatric quality of life inventory 4.0 generic 
core scales and infant scales in the PICU. Pediatric Critical Care 
Medicine, 17(6), e272–e279.

 58. Choong, K., Fraser, D., Al-Harbi, S., Borham, A., Cameron, J., 
Cameron, S., Cheng, J., Clark, H., Doherty, T., Fayed, N., Gorter, 
J. W., Herridge, M., Khetani, M., Menon, K., Seabrook, J., Simp-
son, R., & Thabane, L. (2018). Functional recovery in critically 
ill children, the “weecover” multicenter study. Pediatric Critical 
Care Medicine, 19(2), 145–154.

 59. Colville, G. A., Pierce, C. M., & Peters, M. J. (2019). Self-
reported fatigue in children following intensive care treatment. 
Pediatric Critical Care Medicine, 20(2), e98–e101.

 60. Hordijk, J., Verbruggen, S., Vanhorebeek, I., Van den Berghe, G., 
Utens, E., Joosten, K., & Dulfer, K. (2019). Health-related qual-
ity of life of children and their parents 6 months after children’s 
critical illness. Quality of Life Research, 29(1), 179–189.

 61. Ward, S. L., Turpin, A., Spicer, A. C., Treadwell, M. J., Church, 
G. D., & Flori, H. R. (2017). Long-term pulmonary function 
and quality of life in children after acute respiratory distress 
syndrome: A feasibility investigation. Pediatric Critical Care 
Medicine, 18(1), e48–e55.

 62. Watson, R. S., Asaro, L. A., Hertzog, J. H., Sorce, L. R., Kach-
mar, A. G., Dervan, L. A., Angus, D. C., Wypij, D., & Curley, 
M. A. Q. (2018). Long-term outcomes after protocolized seda-
tion versus usual care in ventilated pediatric patients. American 
Journal of Respiratory and Critical Care Medicine, 197(11), 
1457–1467.

 63. Watson, R. S., Asaro, L. A., Hutchins, L., Bysani, G. K., Killien, 
E. Y., Angus, D. C., Wypij, D., & Curley, M. A. Q. (2019). Risk 
factors for functional decline and impaired quality of life after 
pediatric respiratory failure. American Journal of Respiratory 
and Critical Care Medicine, 200(7), 900–909.

 64. Fink, E. L., Beers, S. R., Houtrow, A. J., Richichi, R., Burns, 
C., Doughty, L., Ortiz-Aguayo, R., Madurski, C. A., Valenta, 
C., Chrisman, M., Golightly, L., Kiger, M., Patrick, C., Treble-
Barna, A., Pollon, D., Smith, C. M., & Kochanek, P. (2019). 
Early protocolized versus usual care rehabilitation for pediatric 
neurocritical care patients: A randomized controlled trial. Pedi-
atric Critical Care Medicine, 20(6), 540–550.

 65. Ebrahim, S., & Parshuram, C. (2015). Comparison of utility 
scores from the Visual Analog Scale and Health Utilities Index 
3 in children following pediatric intensive care unit admission. 
Journal of Child Health Care, 19(1), 53–62.

 66. Peña, R., Suman, O. E., Rosenberg, M., Andersen, C. R., Hern-
don, D. N., & Meyer, W. J. (2020). One-year comparison of a 
community-based exercise program versus a day hospital-based 
exercise program on quality of life and mental health in severely 
burned children. Archives of physical medicine and rehabilita-
tion, 101(1S), S26–S35. https:// doi. org/ 10. 1016/j. apmr. 2017. 10. 
023

https://doi.org/10.1016/j.dcn.2019.100678
https://doi.org/10.1016/j.dcn.2019.100678
https://doi.org/10.1016/j.chiabu.2020.104643
https://doi.org/10.1016/j.chiabu.2020.104643
https://doi.org/10.1016/j.apmr.2017.10.023
https://doi.org/10.1016/j.apmr.2017.10.023


2613Quality of Life Research (2022) 31:2601–2614 

1 3

 67. Biagas, K. V., Hinton, V. J., Hasbani, N. R., Luckett, P. M., 
Wypij, D., Nadkarni, V. M., Agus, M. S. D., Srinivasan, V., Mou-
rani, P. M., Chima, R., Thomas, N. J., Li, S., Pinto, A., Newth, 
C., Hassinger, A., Bysani, K., Rehder, K. J., Faustino, E. V., 
Kandil, S., … Natarajan, A. (2020). Long-term neurobehavioral 
and quality of life outcomes of critically ill children after glyce-
mic control. Journal of Pediatrics, 218, 57-63.e55.

 68. Boeschoten, S. A., Dulfer, K., Boehmer, A. L. M., Merkus, 
P. J. F. M., van Rosmalen, J., de Jongste, J. C., de Hoog, M., 
Buysse, C. M. P., Heisterkamp, S., van Woensel, J., Haarman, E., 
Kapitein, B., Wösten-van Asperen, R., Kneyber, M., Lemson, J., 
Hartman, S., van Waardenburg, D., Bunker, H., Brouwer, C., … 
Hammer, S. (2020). Quality of life and psychosocial outcomes 
in children with severe acute asthma and their parents. Pediatric 
Pulmonology, 55(11), 2883–2892.

 69. Meert, K. L., Reeder, R., Maddux, A. B., Banks, R., Berg, R. 
A., Zuppa, A., Newth, C. J., Wessel, D., Pollack, M. M., Hall, 
M. W., Quasney, M., Sapru, A., Carcillo, J. A., McQuillen, P. S., 
Mourani, P. M., Chima, R. S., Holubkov, R., Sorenson, S., Varni, 
J. W., … Zimmerman, J. J. (2020). Trajectories and risk factors 
for altered physical and psychosocial health-related quality of 
life after pediatric community-acquired septic shock∗. Pediat-
ric Critical Care Medicine, 21(10), 869–878. https:// doi. org/ 10. 
1097/ PCC. 00000 00000 002374

 70. Meert, K. L., Reeder, R. W., Maddux, A. B., Banks, R., Berg, 
R. A., Newth, C. J., Hall, M. W., Quasney, M., Carcillo, J. A., 
McQuillen, P. S., Mourani, P. M., Chima, R. S., Holubkov, R., 
Sorenson, S., McGalliard, J., Dean, J. M., & Zimmerman, J. J. 
(2020). Health-related quality of life after community-acquired 
septic shock in children with preexisting severe developmental 
disabilities. Pediatric Critical Care Medicine, 22(5), e302–e313.

 71. Nelson, L. P., Lachman, S. E., Goodman, K., & Gold, J. I. (2021). 
Admission psychosocial characteristics of critically ill children 
and acute stress. Pediatric Critical Care Medicine, 22(2), 194–
203. https:// doi. org/ 10. 1097/ PCC. 00000 00000 002605

 72. Silver, G., Doyle, H., Hegel, E., Kaur, S., Mauer, E. A., Gerber, 
L. M., & Traube, C. (2020). Association between pediatric delir-
ium and quality of life after discharge. Critical Care Medicine, 
48(12), 1829–1834.

 73. Zimmerman, J. J., Banks, R., Berg, R. A., Zuppa, A., Newth, 
C. J., Wessel, D., Pollack, M. M., Meert, K. L., Hall, M. W., 
Quasney, M., Sapru, A., Carcillo, J. A., McQuillen, P. S., Mou-
rani, P. M., Wong, H., Chima, R. S., Holubkov, R., Coleman, W., 
Sorenson, S., … Varni, J. (2020). Critical illness factors associ-
ated with long-term mortality and health-related quality of life 
morbidity following community-acquired pediatric septic shock. 
Critical Care Medicine, 48(3), 319–328.

 74. Zimmerman, J. J., Banks, R., Berg, R. A., Zuppa, A., Newth, C. 
J., Wessel, D., Pollack, M. M., Meert, K. L., Hall, M. W., Quas-
ney, M., Sapru, A., Carcillo, J. A., McQuillen, P. S., Mourani, P. 
M., Wong, H., Chima, R. S., Holubkov, R., Coleman, W., Soren-
son, S., … Varni, J. (2020). Trajectory of mortality and health-
related quality of life morbidity following community-acquired 
pediatric septic shock. Critical Care Medicine, 48(3), 329–337.

 75. Campbell, H., Eddama, O., Azzopardi, D., Edwards, A. D., 
Strohm, B., & Rivero-Arias, O. (2018). Hypothermia for peri-
natal asphyxia: Trial-based quality of life at 6–7 years. Archives 
of Disease in Childhood, 103(7), 654–659.

 76. Di Leo, V., Biban, P., Mercolini, F., Martinolli, F., Pettenazzo, 
A., Perilongo, G., & Amigoni, A. (2019). The quality of life in 
extracorporeal life support survivors: Single-center experience 
of a long-term follow-up. Child’s Nerv Syst, 35(2), 227–235.

 77. Elias, M. D., Achuff, B. J., Ittenbach, R. F., Ravishankar, C., 
Spray, T. L., Fuller, S., Montenegro, L. M., Gaynor, J. W., & 
O’Connor, M. J. (2017). Long-term outcomes of pediatric 

cardiac patients supported by extracorporeal membrane oxygena-
tion. Pediatric Critical Care Medicine, 18(8), 787–794.

 78. Fleck, T. P. K., Dangel, G., Bächle, F., Benk, C., Grohmann, J., 
Kroll, J., Siepe, M., Höhn, R., Kirschner, J., Beyersdorf, F., & 
Stiller, B. (2017). Long-term follow-up on health-related quality 
of life after mechanical circulatory support in children. Pediatric 
Critical Care Medicine, 18(2), 176–182.

 79. Öst, E., Frenckner, B., Nisell, M., Burgos, C. M., & Öjmyr-
Joelsson, M. (2018). Health-related quality of life in children 
born with congenital diaphragmatic hernia. Pediatric Surgery 
International, 34(4), 405–414.

 80. van Zellem, L., Utens, E. M., Legerstee, J. S., Cransberg, K., 
Hulst, J. M., Tibboel, D., & Buysse, C. (2015). Cardiac arrest in 
children: Long-term health status and health-related quality of 
life. Pediatric Critical Care Medicine, 16(8), 693–702.

 81. Yu, Y. R., Carpenter, J. L., DeMello, A. S., Keswani, S. G., Cass, 
D. L., Olutoye, O. O., Vogel, A. M., Thomas, J. A., Burgman, 
C., Fernandes, C. J., & Lee, T. C. (2018). Evaluating quality of 
life of extracorporeal membrane oxygenation survivors using the 
pediatric quality of life inventory survey. Journal of Pediatric 
Surgery, 53(5), 1060–1064.

 82. Polić, B., Bubić, A., Meštrović, J., Markić, J., Kovačević, T., 
Furlan, I. A., Utrobičić, I., & Kolčić, I. (2017). Emotional and 
behavioral outcomes and quality of life in school-age children 
born as late preterm: Retrospective cohort study. Croatian Medi-
cal Journal, 58(5), 332–341.

 83. Hordijk, J., Verbruggen, S., Vanhorebeek, I., Güiza, F., Wout-
ers, P., Van Den Berghe, G., Joosten, K., & Dulfer, K. (2020). 
Health-related quality of life of children and their parents 2 years 
after critical illness: pre-planned follow-up of the PEPaNIC inter-
national, randomized, controlled trial. Critical Care (London, 
England), 24(1), 347.

 84. Chandler, H. K., Teppa, B., Johnson, K. A., McCracken, C., 
Fortenberry, J. D., & Paden, M. L. (2015). Determining comor-
bidities and quality of life among pediatric survivors of extracor-
poreal life support. Journal of Critical Care, 30(5), 1085–1089.

 85. Ekinci, O., Okuyaz, Ç., Günes, S., Ekinci, N., Örekeci, G., Teke, 
H., & Çobanoǧullarl Direk, M. (2017). Sleep and quality of life 
in children with traumatic brain injury and ADHD: A compari-
son with primary ADHD. International Journal of Psychiatry in 
Medicine, 52(1), 72–87.

 86. Jain, A., Sullivan, B. T., Shah, S. A., Samdani, A. F., Yaszay, 
B., Marks, M. C., & Sponseller, P. D. (2018). Caregiver percep-
tions and health-related quality-of-life changes in cerebral palsy 
patients after spinal arthrodesis. Spine, 43(15), 1052–1056.

 87. Kyösti, E., Ala-Kokko, T. I., Ohtonen, P., Peltoniemi, O., Rau-
tiainen, P., Kataja, J., Ebeling, H., & Liisanantti, J. H. (2018). 
Factors associated with health-related quality of life 6 years after 
ICU discharge in a Finnish paediatric population: A cohort study. 
Intensive Care Medicine, 44(9), 1378–1387.

 88. Germain, N., Aballea, S., & Toumi, M. (2019). Measuring the 
health-related quality of life in young children: How far have we 
come? J Mark Access Health Policy, 7(1), 1618661.

 89. Herrup, E. A., Wieczorek, B., & Kudchadkar, S. R. (2017). 
Characteristics of postintensive care syndrome in survivors of 
pediatric critical illness: A systematic review. World J Crit Care 
Med, 6(2), 124–134.

 90. Rennick, J. E., & Childerhose, J. E. (2015). Redefining success 
in the PICU: New patient populations shift targets of care. Pedi-
atrics, 135(2), e289-291.

 91. Burns, J. P., Sellers, D. E., Meyer, E. C., Lewis-Newby, M., 
& Truog, R. D. (2014). Epidemiology of death in the PICU 
at five US teaching hospitals. Critical Care Medicine, 42(9), 
2101–2108.

 92. Lopes-Junior, L. C., Rosa, M., & Lima, R. A. G. (2018). Psy-
chological and psychiatric outcomes following PICU admission: 

https://doi.org/10.1097/PCC.0000000000002374
https://doi.org/10.1097/PCC.0000000000002374
https://doi.org/10.1097/PCC.0000000000002605


2614 Quality of Life Research (2022) 31:2601–2614

1 3

A systematic review of cohort studies. Pediatric Critical Care 
Medicine, 19(1), e58–e67.

 93. Baker, S. C., & Gledhill, J. A. (2017). Systematic review of inter-
ventions to reduce psychiatric morbidity in parents and children 
after PICU admissions. Pediatric Critical Care Medicine, 18(4), 
343–348.

 94. Colville, G., & Pierce, C. (2012). Patterns of post-traumatic stress 
symptoms in families after paediatric intensive care. Intensive 
Care Medicine, 38(9), 1523–1531.

 95. Lee, K., Cascella, M., & Marwaha, R. (2020). Intellectual 
disability.

 96. Jurrius K, B. K., Goes I, Hofstra-Windesheim A. . (2016). Niet-
aangeboren hersenletsel: oorzaken, gevolgen, signalen en zorg 
Basisinformatie over niet-aangeboren hersenletsel voor (aanko-
mende) wijkprofes sionals en studenten in de zorg en hulpverlen-
ing. Almere: Windesheim Flevoland.

 97. Eiser, C., & Varni, J. W. (2013). Health-related quality of life and 
symptom reporting: Similarities and differences between chil-
dren and their parents. European Journal of Pediatrics, 172(10), 
1299–1304.

 98. Manning, J. C., Pinto, N. P., Rennick, J. E., Colville, G., & 
Curley, M. A. Q. (2018). Conceptualizing post intensive care 
syndrome in children-the PICS-p framework. Pediatric Critical 
Care Medicine, 19(4), 298–300.

 99. Knoester, H., Grootenhuis, M. A., & Bos, A. P. (2007). Outcome 
of paediatric intensive care survivors. European Journal of Pedi-
atrics, 166(11), 1119–1128.

 100. Maddux, A. B., Pinto, N., Fink, E. L., Hartman, M. E., Nett, S., 
Biagas, K., Killien, E. Y., Dervan, L. A., Christie, L. M., Luckett, 
P. M., Loftis, L., Lackey, M., Ringwood, M., Smith, M., Olson, 
L., Sorenson, S., Meert, K. L., Notterman, D. A., Pollack, M. 
M., … Watson, R. S. (2020). Postdischarge outcome domains in 
pediatric critical care and the instruments used to evaluate them: 
A scoping review. Critical Care Medicine, 48(12), e1313–e1321.

 101. Halpern, N. (2019). Critical Care Statistics. Retrieved May 1, 
2020, from https:// www. sccm. org/ Commu nicat ions/ Criti cal- 
Care- Stati stics

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://www.sccm.org/Communications/Critical-Care-Statistics
https://www.sccm.org/Communications/Critical-Care-Statistics

	Neurocognitive functioning and health-related quality of life of children after pediatric intensive care admission: a systematic review
	Abstract
	Objective 
	Data sources 
	Study selection 
	Data extraction 
	Data synthesis 
	Conclusions 

	Plain English summary
	Introduction
	Materials and methods
	Search strategy and selection criteria
	Data extraction
	Study quality

	Results
	Study selection
	Risk of bias assessment
	Neurocognitive functioning after PICU admission
	Short-term follow-up (≤ 12 months) after PICU admission
	Long-term follow-up (> 12 months) after PICU admission

	HRQoL after PICU admission
	Short-term follow-up (≤ 12 months) after PICU admission
	Long-term follow-up (> 12 months) after PICU admission


	Discussion
	Interventions on the PICU and follow-up
	Implications for follow-up
	Strengths and limitations

	Conclusions
	References




