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Chapter 1

Outcomes after critical illness in children

Children surviving critical illness are prone to develop important long-term physical 
and neurocognitive impairments, which have an impact on quality of life. In the 
Netherlands, approximately 5,000 critically ill children are admitted every year to 
the pediatric intensive care unit (PICU).1 Critically ill children are admitted with various 
diagnoses, surgical or medical, and half of them with emergency.2 With regard to the 
age at PICU admission, infants (<12 months old) had the highest rate of admissions 
compared to the other age groups.3 The majority of children older than one year 
who were admitted to the PICU had preexisting chronic conditions and prior PICU 
admissions.4 Length of PICU stay varies, with the majority of children staying less 
than 24 hours,3-5 and a minority of patients having a prolonged stay (>28 days) in the 
PICU (4%).5,6

Improvements in pediatric critical care have led to a very low mortality rate of 
approximately 2%.1,3,7 Whereas there has been a change in diagnostic categories 
over the last decades (for example a decrease in infectious diseases), the severity 
of illness and length of PICU stay have not changed over the last four decades. This 
őĎåœƊ΄ƖĮåƖ΄ĎƵĎƂƼ΄ƼĎåƂ΄å΄ƊĳħœĳǙāåœƖ΄œƞőĀĎƂ΄ŜĦ΄āĮĳŉĈƂĎœ΄ĮåƊ΄ƖŜ΄ŉĳƵĎ΄ƶĳƖĮ΄ƊĳħœĳǙāåœƖ΄
disabilities.5 This has changed the focus from mortality to disabilities, usually called 
morbidities, after PICU admission.8΄�ĀŜƞƖ΄ŜœĎ΄ĳœ΄ǙƵĎ΄āĮĳŉĈƂĎœ΄ſƂĎƵĳŜƞƊŉƼ΄åĈőĳƖƖĎĈ΄ƖŜ΄
the PICU experience morbidities after discharge.1 These morbidities interfere with 
normal development9 and are described as Post Intensive Care Syndrome (PICS).10 
PICS in children consists of impairments in 4 domains: physical, emotional, social, 
and cognitive functioning (see Figure 1).10,11

The resilience to recover from impairments in physical, emotional, social, and 
cognitive functioning is dependent on factors that already exist before PICU 
admission, factors related to the admission at the PICU, and factors that exist after 
�N�¶΄ĈĳƊāĮåƂħĎ͚΄ƶĮĳāĮ΄åŉŉ΄ĳœǚƞĎœāĎ΄ƖĮĎ΄ŜƞƖāŜőĎ΄ͬƊĎĎ΄Figure 1). Firstly, pre-existing 
factors of the child such as medical history (pre-existing comorbidities), psychological 
and behavioral characteristics, age and environmental characteristics (e.g. family 
dynamics), moderate the recovery trajectory.9,12 Furthermore, factors related to the 
PICU admission such as type of admission (diagnosis), illness severity, number of 
invasive procedures, length of PICU stay, and medications administered have an 
ĳœǚƞĎœāĎ΄Ŝœ΄ƂĎāŜƵĎƂƼ΄ƖƂåŃĎāƖŜƂƼ͟9,12 After PICU admission, predictors for the outcome 
are the child’s perceived competence, coping strategies, anxiety and stress, and 
behavioral changes.12 Throughout the entire recovery trajectory factors related to 
ƖĮĎ΄ſåƂĎœƖͬƊͭ΄åœĈ ŜͥƂ΄āåƂĎħĳƵĎƂͬƊͭ΄ĮåƵĎ΄åœ΄ĳœǚƞĎœāĎ΄Ŝœ΄ƖĮĎ΄ŜƞƖāŜőĎƊ΄åƊ΄ƶĎŉŉ͟9,10 These 
factors include the parent-child relationship, parental education, socioeconomic 
status, prior stressful events, family functioning, parental relationship status, social 
support available for parents, parental coping strategies, separation from the child 
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during PICU admission, information received from the medical team, and anxiety and 
stress levels after PICU admission (see Figure 1).9,12,13

Changes in the four domains of functioning after PICU admission lead to a ‘new 
normal’ for the child and the parents (see Figure 1) that has been described in the 
biopsychosocial model of recovery.14 This means that children and their parents have 
to adapt to the remaining impairments in order to reach a ‘new normal’. The impact 
of these changes on daily life of the child and parents can be measured objectively 
or evaluated subjectively.

Physical functioning means the condition of the body, which can be measured 
objectively by medical devices that assess vital functions such as blood pressure and 
heart rate. Emotional and social functioning can be complex to assess objectively, but 
can be assessed subjectively through patient-reported outcomes measures (PROMs) 
such as interviews and questionnaires.15 The subjective evaluation of the domains 
of physical functioning, emotional functioning, and social functioning together is 
usually measured within one construct, called health-related quality of life (HRQoL). 
HRQoL gives insight in the impact of health on the broad concept of quality of life 
åœĈ΄ſƂŜƵĳĈĎƊ ĳ́œĦŜƂőåƖĳŜœ΄åĀŜƞƖ΄ƖĮĎ΄ƊƞĀŃĎāƖĳƵĎ΄ĎƵåŉƞåƖĳŜœ΄ŜĦ΄ƖĮĎ΄ǙƂƊƖ΄ƖĮƂĎĎ΄ĈŜőåĳœƊ͟16,17 
ÎĳƖĮ΄ƂĎħåƂĈ΄ƖŜ΄ƊƖƞĈĳĎƊ ĳ́œƵĎƊƖĳħåƖĳœħ΄I��Ŝa͚΄ƖĮĳƊ΄ĮåƊ΄ĀĎĎœ ĳ́œƵĎƊƖĳħåƖĎĈ ĳ́œ΄ƖĮĎ΄ǙƂƊƖ΄ƼĎåƂ΄
after PICU admission, but little is known about children’s long-term HRQoL.9

Cognitive functioning refers to internal mental processes underlying how people 
perceive stimuli, remember, speak, think, make decisions and solve problems.18 
These mental processes are described in neurocognitive domains such as general 
intellectual functioning, sensation, attention, memory, and executive functioning. 
General intellectual functioning, which is usually referred to as intelligence, 
includes abilities that allow a person to understand and to interact with reality, 
such as logical reasoning, problem-solving, and learning.19 In neuropsychology, the 
model of hierarchy of the other neurocognitive domains has often been used to 
map developmental problems of the child. In this neurocognitive hierarchy, lower, 
őŜƂĎ΄ĀåƊĳā΄ĦƞœāƖĳŜœƊ͚΄ƊƞāĮ΄åƊ΄ƊĎœƊåƖĳŜœ΄åœĈ΄åƖƖĎœƖĳŜœ͚΄åǖĎāƖ΄ƖĮĎ΄ĈĎƵĎŉŜſőĎœƖ΄ŜĦ΄
the higher neurocognitive domain memory. Impairments in memory functioning 
åǖĎāƖ͚΄ ĳœ΄ƖƞƂœ͚΄ƖĮĎ΄ĈĎƵĎŉŜſőĎœƖ΄ŜĦ΄ĎƻĎāƞƖĳƵĎ΄ĦƞœāƖĳŜœĳœħ͟20 For example, to reason 
and make decisions (part of the most complex executive functioning domain), 
previously stored information is needed (memory), which is obtained by focusing 
on this information (attention). When impairments exist in the lower domains of 
the hierarchy, patients will experience more consequences in daily life since it will 
åǖĎāƖ΄ƖĮĎ΄ĮĳħĮĎƂ΄œĎƞƂŜāŜħœĳƖĳƵĎ΄ĈŜőåĳœƊ͟20 Cognitive functioning can be measured 
ŜĀŃĎāƖĳƵĎŉƼ΄ƖĮƂŜƞħĮ΄āŉĳœĳāåŉ΄ƖĎƊƖƊ΄āŜőſƂĳƊĳœħ΄ĈĳǖĎƂĎœƖ΄œĎƞƂŜāŜħœĳƖĳƵĎ΄ĈŜőåĳœƊ͚΄ĀƞƖ΄
also subjectively by using PROMs.21

1
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Figure 1. Outcomes after PICU admission, adapted by the biopsychosocial model of recovery14 and the Post 
Intensive Care Syndrome in pediatrics (PICS-p) framework10. Pre-existing child and parental factors, child 
and parental factors related to the PICU admission, and child and parental factors that exist after the PICU 
åĈőĳƊƊĳŜœ΄ĳœ΄ƖĮĎ΄ƂĎāŜƵĎƂƼ΄ſĮåƊĎ͚΄åŉŉ΄ĮåƵĎ΄åœ΄ĳœǚƞĎœāĎ΄Ŝœ΄ƖĮĎ΄ĦŜƞƂ΄ĈŜőåĳœƊ΄ŜĦ΄�N�¢΄ͬſĮƼƊĳāåŉ͚΄āŜħœĳƖĳƵĎ͚΄
emotional and social functioning), which can be objectively evaluated and subjectively evaluated. The 
ƊƞĀŃĎāƖĳƵĎ΄ĎƵåŉƞåƖĳŜœ΄ƂĎǚĎāƖƊ΄ƖĮĎ΄ͼœĎƶ΄œŜƂőåŉͽ΄ƶĮĳāĮ΄ĳƊ΄ƖĮĎ΄ĈåĳŉƼ΄ŉĳĦĎ΄ŜĦ΄ĦåőĳŉĳĎƊ͟

Modifiable factors during PICU stay

Although various risk factors during PICU admission have been associated with long-
ƖĎƂő΄œĎƞƂŜāŜħœĳƖĳƵĎ ĳ́őſåĳƂőĎœƖ͚΄ŜœŉƼ΄ĦĎƶ΄ƊƖƞĈĳĎƊ΄ĮåƵĎ΄ĎƻåőĳœĎĈ΄őŜĈĳǙåĀŉĎ΄ĦåāƖŜƂƊ͟22 
¢ŜőĎ΄ĦåāƖŜƂƊ΄ƂĎŉåƖĎĈ΄ƖŜ΄ĈĳƊĎåƊĎ΄őåœåħĎőĎœƖ΄Ŝœ΄ƖĮĎ΄�N�¶΄āåœ΄ĀĎ΄őŜĈĳǙĎĈ΄ƖŜ΄ſƂĎƵĎœƖ΄
harm and improve neurocognitive and HRQoL outcomes. A study in children with 
ĎœāĎſĮåŉŜſåƖĮƼ΄ƖƂĳĎĈ΄ƖŜ΄ ĳőſƂŜƵĎ΄I��Ŝa΄ŜƞƖāŜőĎƊ΄ĀƼ΄ƖƶŜ΄ĈĳǖĎƂĎœƖ΄ƖĎőſĎƂåƖƞƂĎ΄
ƊƖƂåƖĎħĳĎƊ΄ Ŝœ΄ ƖĮĎ΄ �N�¶͚΄ ĀƞƖ΄ ĈĳĈ΄ œŜƖ΄ ƂĎƵĎåŉ΄ ĈĳǖĎƂĎœāĎƊ΄ ĀĎƖƶĎĎœ΄ ƖƂĎåƖőĎœƖ΄ƶĳƖĮ΄
hypothermia and treatment with normothermia.23΄$ĳǖĎƂĎœƖ΄ƊĎĈåƖĳŜœ΄ƊƖƂåƖĎħĳĎƊ΄ĮåĈ΄
œŜ΄ĎǖĎāƖ΄Ŝœ΄I��Ŝa΄ŜƞƖāŜőĎƊ΄ĳœ΄āĮĳŉĈƂĎœ΄ƶĮŜ΄ƂĎƁƞĳƂĎĈ΄őĎāĮåœĳāåŉ΄ƵĎœƖĳŉåƖĳŜœ΄åœĈ΄
in children with acute respiratory failure.24,25 A study that investigated two types of 
surgical techniques to correct congenital heart abnormalities found that the type of 
ƊƞƂħĎƂƼ΄åǖĎāƖƊ΄ƖĮĎ΄œĎƞƂŜāŜħœĳƖĳƵĎ΄ŜƞƖāŜőĎ΄ŜĦ΄āĮĳŉĈƂĎœ͟26,27 The type of anesthesia did 
œŜƖ΄åǖĎāƖ΄ħĎœĎƂåŉ ĳ́œƖĎŉŉĳħĎœāĎ΄ƖƶŜ΄ƼĎåƂƊ΄ŉåƖĎƂ͟ 28 The development of safer plasticisers, 
that are used in soft plastic medical devices, might improve neurocognitive outcomes 
in the long term, as the current plasticisers, phthalates, were associated with attention 
ĈĎǙāĳƖ΄ĦŜƞƂ΄ƼĎåƂƊ΄åĦƖĎƂ΄�N�¶΄åĈőĳƊƊĳŜœ͟29 Lastly, a randomized controlled trial (RCT) 
that investigated whether tight glucose control was superior to standard glucose 
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control for neurocognitive functioning 4 years later found that tight glucose control 
ĳőſƂŜƵĎĈ΄őŜƖŜƂ΄āŜŜƂĈĳœåƖĳŜœ΄åœĈ΄āŜħœĳƖĳƵĎ΄ǚĎƻĳĀĳŉĳƖƼ͟30 Nutrition might also be a 
ſŜƊƊĳĀŉĎ΄őŜĈĳǙåĀŉĎ΄ƂĳƊņ΄ĦåāƖŜƂ΄åƊ΄ĳƖ΄ĳƊ΄ƂĎŉåƖĎĈ΄ƖŜ΄ƖĮĎ΄ĈĎƵĎŉŜſőĎœƖ΄ŜĦ΄ĀƂåĳœ΄ƊƖƂƞāƖƞƂĎƊ΄
and functions. This makes it a determinant of neurocognitive functioning.31,32 Especially 
during critical illness, when most children are unable to eat normally, it is important 
to know which nutritional strategy predicts the most favorable outcome.

Recently, the Early versus Late Parenteral Nutrition in the Pediatric Intensive Care 
¶œĳƖ΄ͬ�*�åkN�ͭ΄��¯΄ƶåƊ΄āŜœĈƞāƖĎĈ΄ƖŜ΄ĎƻåőĳœĎ΄ƖĮĎ΄ĎǖĎāƖ΄ŜĦ΄ƶĳƖĮĮŜŉĈĳœħ΄�k΄ͬƞœƖĳŉ΄
day 8 of admission), compared with the standard protocol of starting (supplemental) 
�k΄ĎåƂŉƼ΄ͬƶĳƖĮĳœ΄ƖĮĎ΄ǙƂƊƖ΄̇̉΄ĮŜƞƂ΄åĦƖĎƂ΄åĈőĳƊƊĳŜœͭ͟΄NƖ΄ƶåƊ΄ƖĮĎ΄ǙƂƊƖ΄ƖƂĳåŉ΄ƖĮåƖ΄ĎƻåőĳœĎĈ΄
the clinical outcomes of the timing of PN on the PICU.33 The PEPaNIC RCT was a 
multicenter, prospective study with three participating sites.34 Children were eligible 
to participate in the study when they were critically ill and admitted to the PICU. The 
inclusion criterion for age was newborn to 17 years old. In total, a number of 1440 
critically ill children admitted were included. This study showed that withholding 
ƊƞſſŉĎőĎœƖåŉ΄�k΄ĈƞƂĳœħ΄ƖĮĎ΄ǙƂƊƖ΄ƶĎĎņ΄ ĳœ΄ ƖĮĎ΄�N�¶΄ƂĎƊƞŉƖĎĈ΄ ĳœ΄ĀĎƖƖĎƂ΄ƊĮŜƂƖͲƖĎƂő΄
outcomes. Children who were allocated to the Late PN group had a lower incidence 
of newly acquired infections compared to children allocated to the Early PN group.2 
Furthermore, children in the Late PN group had a shorter stay at both the PICU 
and the hospital.2 These favorable outcomes of withholding PN until day 8 were 
independent of diagnosis, severity of illness, risk of malnutrition, and age of the child. 
IŜƶĎƵĎƂ͚ ΄åœŜƖĮĎƂ΄ƂĎƊƞŉƖ΄ŜĦ΄ƶĳƖĮĮŜŉĈĳœħ΄�k΄ĳœ΄ƖĮĎ΄ǙƂƊƖ΄ƶĎĎņ΄ŜĦ΄�N�¶΄åĈőĳƊƊĳŜœ΄ƶåƊ΄å΄
higher rate of hypoglycemic episodes compared to starting PN early.2 Hypoglycemic 
episodes may be associated with worse long-term neurodevelopmental outcomes.35 
Additionally, due to the fact that most children were intolerant to enteral nutrition 
ĈƞƂĳœħ΄ƖĮĎ΄ǙƂƊƖ΄ƶĎĎņ͚΄ƖĮĎ΄åŉŉŜāåƖĳŜœ΄ƖŜ΄ƖĮĎ΄aåƖĎ΄�k΄ħƂŜƞſ΄ƂĎƊƞŉƖĎĈ ĳ́œ΄œƞƖƂĳƖĳŜœåŉ ĳ́œƖåņĎƊ΄
ƊĳħœĳǙāåœƖŉƼ΄ĀĎŉŜƶ΄ƂĎāŜőőĎœĈåƖĳŜœƊ΄åƖ΄ƖĮåƖ΄ƖĳőĎ͟΄̄ ĮĎƂĎĦŜƂĎ͚΄āŜœāĎƂœƊ΄ƶĎƂĎ΄ƂåĳƊĎĈ΄ĦŜƂ΄
the long-term health and neurocognitive outcomes of children who were allocated to 
the Late PN group.36 To investigate the long-term health and cognitive developmental 
outcomes, a long-term follow-up study of the PEPaNIC trial was conducted, which 
is described in this thesis.

Aims and outline thesis

The aim of this thesis is to investigate long-term neurocognitive functioning in 
critically ill children, and HRQoL in critically ill children and their parents as compared 
to healthy children (see Figure 2ͭ͟΄ ¯ĮĎ΄ ƊĎāŜœĈ΄ åĳő΄ ĳƊ΄ ƖŜ΄ ĳœƵĎƊƖĳħåƖĎ΄ ƖĮĎ΄ ĎǖĎāƖ΄
of Late PN as compared with Early PN during PICU admission on the long-term 
neurocognitive functioning, and on HRQoL of the child and parents. In chapter 2, 
studies into neurocognitive outcomes and HRQoL outcomes after PICU admission 
are systematically reviewed. Furthermore, interventions to improve these outcomes 

1
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are outlined. In chapter 3, HRQoL outcomes of patients who were admitted to the 
PICU and their parents are examined 6 months after critical illness. In addition, factors 
associated with worse HRQoL outcomes are investigated in this chapter. Also the 
relation between parents’ own HRQoL and parent-reported HRQoL of the child 
is studied. Chapter 4 focuses mainly on the long-term neurocognitive outcomes 
two years after PICU admission, as well as on the two year outcomes of Late PN 
compared with Early PN during PICU admission on these outcomes. In chapter 5, 
the role of age at the time of exposure to Early PN compared with Late PN on long-
term developmental outcomes is investigated. Chapter 6 examined HRQoL two 
ƼĎåƂƊ΄åĦƖĎƂ΄�N�¶΄åĈőĳƊƊĳŜœ΄ĳœ΄āĮĳŉĈƂĎœ΄åœĈ΄ſåƂĎœƖƊ͚΄åƊ΄ƶĎŉŉ΄åƊ΄ƖĮĎ΄ĎǖĎāƖƊ΄ŜĦ΄aåƖĎ΄�k΄
compared with Early PN during PICU admission on these outcomes. Chapter 7 covers 
the assessment of mainly neurocognitive outcomes in the long term, as well as the 
ĎǖĎāƖ΄ŜĦ΄aåƖĎ΄�k΄āŜőſåƂĎĈ΄ƶĳƖĮ΄*åƂŉƼ΄�k΄ĦŜƞƂ΄ƼĎåƂƊ΄åĦƖĎƂ΄�N�¶΄åĈőĳƊƊĳŜœ͟΄Nœ΄āĮåſƖĎƂ΄
8, the general discussion, main results, conclusions, and implications for research 
and clinical practice are outlined. 

Figure 2. Follow-up time points and outcomes measured of the follow-up study of the PEPaNIC trial, which 
is described in this thesis
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Abstract

Purpose This study aimed to examine health-related quality of life (HRQoL) of children 
and their parents, 6 months after the child’s admission to the Pediatric Intensive Care 
Unit (PICU). Associations between parents’ reports regarding HRQoL of their child and 
of themselves were investigated, as well as associations between children’s baseline 
variables and their parent-reported HRQoL outcomes.

Methods This is a secondary analysis of cross-sectional data collected in a group of 
children who participated in the PEPaNIC trial. Six months after discharge from the 
�N�¶͚΄ſåƂĎœƖƊ΄ŜĦ΄āƂĳƖĳāåŉŉƼ΄ ĳŉŉ΄āĮĳŉĈƂĎœ΄āŜőſŉĎƖĎĈ΄ƖĮĎ΄NœĦåœƖͯ¯ŜĈĈŉĎƂ΄�ƞåŉĳƖƼ΄ŜĦ΄aĳĦĎ΄
�ƞĎƊƖĳŜœœåĳƂĎ΄ͬN¯�ta͚΄ĦŜƂ΄åħĎ΄̅ͯ̈΄ƼĎåƂƊͭ΄ŜƂ΄ƖĮĎ΄�ĮĳŉĈ΄IĎåŉƖĮ΄�ƞĎƊƖĳŜœœåĳƂĎͲ�åƂĎœƖ΄
AŜƂő΄̊̅΄ͬ�I�Ͳ�Å͚̅΄ĦŜƂ΄åħĎ΄̉ͯ̆̍΄ƼĎåƂƊ͚ͭ΄ƶĮĳāĮ΄åƂĎ΄ſåƂåŉŉĎŉ΄ƁƞĎƊƖĳŜœœåĳƂĎƊ͟΄�åƂĎœƖƊ΄
completed the Short Form Health Survey (SF-12) regarding their own HRQoL. Results 
were compared with normative data.

Results At 6 months’ follow-up, 86 children of the 1343 (6%) had died which resulted 
in 1257 eligible children. Parents of 576 surviving children (46%) completed the 
questionnaires. Children of responding parents had less often an acute reason for 
åĈőĳƊƊĳŜœ΄åœĈ΄ĈĳǖĎƂĎĈ΄ ĳœ΄ĈĳåħœŜƊĳƊ΄āŜőſåƂĎĈ΄ƶĳƖĮ΄āĮĳŉĈƂĎœ΄ŜĦ΄œŜœͲƂĎƊſŜœĈĎƂƊ͟΄
PICU children scored lower on most ITQOL (n = 390) scales and CHQ-PF50 (n = 186) 
scales compared with normative data. Parents reported (n = 570) higher scores on the 
physical (p < 0.001) and lower scores on the mental SF-12 scale (p < 0.001) compared 
with normative data. Parents’ mental HRQoL correlated with HRQoL they reported 
ĦŜƂ΄ƖĮĎĳƂ΄āĮĳŉĈ΄ͬ�ĎåƂƊŜœ΄�ŜƂƂĎŉåƖĳŜœƊ΄ƂåœħĎ΄̅̇̊ͯ̅̊͟͟ ͚̌΄p Ϋ΄̅̅̅̆ͯ̅̅̅̇ͭ͟͟͟΄¢ĮŜƂƖĎƂ΄ŉĎœħƖĮ΄
of stay, lower risk of mortality, younger age, and cardiac diagnosis were associated 
with higher parent-reported HRQoL outcomes for the child.

Conclusions Six months after PICU discharge, critically ill children have lower HRQoL 
compared with normative data. The mental component of HRQoL is impaired in 
parents and is associated with lower overall parent-reported HRQoL of their child.
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Health-related quality of life 6 months after PICU admission

Introduction

Critical illness is known as the dependency on one or more forms of technology to 
sustain vital functions or the involvement of persistent multiple vital organ system. 
Children who are critically ill are admitted to a Pediatric Intensive Care Unit (PICU). 
�N�¶΄åĈőĳƊƊĳŜœƊ΄åƂĎ΄ĮĳħĮĎƊƖ΄ƶĳƖĮĳœ΄ƖĮĎ΄ǙƂƊƖ΄ƼĎåƂ΄ŜĦ΄ŉĳĦĎ΄åœĈ΄ƂĎƊſĳƂåƖŜƂƼ΄ſƂŜĀŉĎőƊ΄åƂĎ΄
among the most common reasons for admissions at any age.1 The majority of critically 
ill children admitted to the PICU recover rapidly with regard to physical functioning.2 
IŜƶĎƵĎƂ͚ ΄å΄ƊĳħœĳǙāåœƖ΄ſƂŜſŜƂƖĳŜœ΄ĳƊ΄āŜœĦƂŜœƖĎĈ΄ƶĳƖĮ΄ſƂŜŉŜœħĎĈ΄āŜœƊĎƁƞĎœāĎƊ΄ƖĮåƖ΄
ĳœƖĎƂĦĎƂĎ΄ƶĳƖĮ΄œŜƂőåŉ΄ĈĎƵĎŉŜſőĎœƖ͚΄ƊƞāĮ΄åƊ΄ſƊƼāĮŜƊŜāĳåŉ΄åœĈ΄œĎƞƂŜāŜħœĳƖĳƵĎ΄ĈĎǙāĳƖƊ͟3 
The impact of these prolonged consequences on daily life is highly dependent on the 
individual perception of the patients and their parents. For example, one patient might 
perceive hearing problems as a burden, but another patient with a similar problem 
might not feel this is limiting their quality of life. Therefore, patient-reported outcome 
measures (PROMs) and parent-reports have gained more interest in assessing 
patients’ health.4 These PROMs give insight in patients’ subjective evaluation of their 
health status. A frequently used PROM is Health-Related Quality of Life (HRQoL), 
which comprises multiple domains, such as physical, psychological, and social 
ƶĎŉŉĀĎĳœħ͟΄Nœ΄ŜƖĮĎƂ΄ƶŜƂĈƊ͚΄I��Ŝa΄ƂĎǚĎāƖƊ΄ƖĮĎ΄ĳőſåāƖ΄ŜĦ΄ĮĎåŉƖĮ΄Ŝœ΄ƖĮĎ΄ĀƂŜåĈ΄āŜœāĎſƖ΄
of quality of life and provides insight in what the impairments mean for the daily life 
of the patient.5,6΄�ƂĎƵĳŜƞƊ΄ƊƖƞĈĳĎƊ΄ĳœ΄�N�¶΄ƊƞƂƵĳƵŜƂƊ΄ƊĮŜƶĎĈ΄ƖĮåƖ΄āƂĳƖĳāåŉ΄ĳŉŉœĎƊƊ΄åǖĎāƖƊ΄
HRQoL after discharge, with lower HRQoL scores 1 to 9 months after critical illness 
than those of healthy children.7,8

Young children are not able to reliably evaluate their own HRQoL. Therefore, parents 
or caregivers usually assess HRQoL of their child, which is called the proxy report. 
Parents, who are usually the primary caregivers, are thought to have the most 
reliable information of the child since they are closely involved in the child’s life. 
�ƂĎƵĳŜƞƊ΄ƊƖƞĈĳĎƊ΄ ĳœ΄ſåƂĎœƖƊ΄ĦŜāƞƊĎĈ΄Ŝœ΄ƊſĎāĳǙā΄ſƊƼāĮŜŉŜħĳāåŉ΄ƊƼőſƖŜőƊ΄ƊƞāĮ΄åƊ΄
post-traumatic stress, depression, and anxiety.3 However, studies investigating the 
relationship between parents’ own HRQoL on their proxy-reports are scarce.

Previous studies that examined HRQoL in children who were admitted to the 
�N�¶΄ƞƊĎĈ΄Ɗőåŉŉ΄ƊåőſŉĎ΄ƊĳǆĎƊ΄åœĈ΄ĦŜāƞƊĎĈ΄Ŝœ΄ħƂŜƞſƊ΄ŜĦ΄ſåƖĳĎœƖƊ΄ƶĳƖĮ΄å΄ƊſĎāĳǙā΄
diagnosis.9,10 The present study assessed HRQoL for a large, heterogeneous cohort 
of children aged 0 to 18 years old, 6 months after critical illness and studied the 
relationship with parents’ HRQoL. The heterogeneity of the cohort adds value to the 
generalizability of the results to the general population of critically ill children. Insight 
in the subjective health status of the critically ill child after PICU admission could lead 
ƖŜ΄ĎåƂŉƼ΄ĳĈĎœƖĳǙāåƖĳŜœ΄ŜĦ΄ĳőſåĳƂőĎœƖƊ΄åœĈ΄ſƂĎƵĎœƖĳŜœ΄ŜĦ΄ĈĎŉåƼƊ΄ĳœ΄ƖĮĎ΄ĈĎƵĎŉŜſőĎœƖ΄
of the child.2 Furthermore, analyzing the characteristics of children who particularly 

3
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ĮåƵĎ΄åœ΄ĳőſåĳƂĎĈ΄I��Ŝa΄őåņĎƊ΄ĳƖ΄ſŜƊƊĳĀŉĎ΄ƖŜ΄ĈĎƖĎƂőĳœĎ΄ƶĮĳāĮ΄āĮĳŉĈƂĎœ΄ƶĳŉŉ΄ĀĎœĎǙƖ΄
from follow-up interventions.

¯ĮĎ΄åĳőƊ΄ŜĦ΄ƖĮĎ΄āƞƂƂĎœƖ΄ƊƖƞĈƼ΄ƶĎƂĎ΄ƖĮĎƂĎĦŜƂĎ΄ƖĮƂĎĎĦŜŉĈ͟΄¯ĮĎ΄ǙƂƊƖ΄åĳő΄ƶåƊ΄ƖŜ΄ĎƻåőĳœĎ΄
HRQoL of children and their parents 6 months after critical illness of the child 
āŜőſåƂĎĈ΄ ƖŜ΄œŜƂőåƖĳƵĎ΄ĈåƖå͟΄¯ĮĎ΄ĮƼſŜƖĮĎƊĳƊ΄ƶåƊ΄ ƖŜ΄ǙœĈ΄ ŉŜƶĎƂ΄ſåƂĎœƖͲƂĎſŜƂƖĎĈ΄
HRQoL scores in critically ill children compared with normative data, especially for 
physical aspects. This is based on the fact that although the majority of children 
recover rapidly with regard to functional health, a number of children are seriously 
impaired in physical functioning.11 Furthermore, higher self-reported HRQoL regarding 
physical aspects and lower HRQoL regarding mental aspects were expected for 
parents’ HRQoL, based on a previous study that examined parents HRQoL after 
PICU admission of their child.12 The second aim was to investigate the relation 
between parent-reports regarding their own HRQoL and regarding their child. It was 
ĮƼſŜƖĮĎƊĳǆĎĈ΄ƖŜ΄ǙœĈ΄åœ΄åƊƊŜāĳåƖĳŜœ΄ĀĎƖƶĎĎœ΄ƖĮĎ΄ſåƂĎœƖͲƂĎſŜƂƖĎĈ΄I��Ŝa΄ŜĦ΄ƖĮĎ΄āĮĳŉĈ΄
and the self-reported quality of life of parents, since reduced parental physical and 
psychosocial wellbeing predicts poorer functioning of the child.3 The third aim was to 
explore which baseline variables are associated with HRQoL outcomes of the child. 
Younger age and greater severity of illness were expected to be associated with 
parent-reported HRQoL outcomes of the child.2 Overall, a lower HRQoL for patients 
and their parents compared to the general population was expected on this relatively 
short-term after PICU admission.

Methods
Participants and procedure
This study included critically ill children who participated in the Pediatric Early versus 
Late Parenteral Nutrition in Intensive Care Unit (PEPaNIC) randomized controlled 
trial (RCT). All children (term newborns—18 years old) who were admitted to one 
of the participating pediatric ICUs (University Hospitals Leuven, Belgium; Erasmus 
i�ͯ¢ŜſĮĳå΄�ĮĳŉĈƂĎœͽƊ΄IŜƊſĳƖåŉ͚΄ƖĮĎ΄kĎƖĮĎƂŉåœĈƊ͚΄åœĈ΄¢ƖŜŉŉĎƂƼ΄�ĮĳŉĈƂĎœͽƊ΄IŜƊſĳƖåŉ΄
Edmonton, Canada) were eligible for inclusion in the PEPaNIC RCT if a stay of 24 h or 
more in the ICU was expected. The extensive trial protocol and medical outcomes 
of this RCT have been published previously.13,14 The institutional review board at 
each of the 3 participating sites approved the protocol (ML8052; NL49708.078; 
Pro00038098). The PEPaNIC study enrolled 1440 children who were admitted to 
the PICU. Participating children were randomly assigned to early (within 24 h) or late 
ͬœŜƖ΄ĳœ΄ƖĮĎ΄ǙƂƊƖ΄ƶĎĎņͭ΄ƊƞſſŉĎőĎœƖåƖĳŜœ΄ŜĦ΄ĳœƊƞǗāĳĎœƖ΄ĎœƖĎƂåŉ΄œƞƖƂĳƖĳŜœ΄ƶĳƖĮ΄ſåƂĎœƖĎƂåŉ΄
nutrition. The current study is a secondary analysis of cross-sectional data collected 
in a group of children who participated in the PEPaNIC trial.
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At inclusion in the PEPaNIC study, parents had given informed consent for inviting 
them later for participation in a follow-up with HRQoL questionnaires. Due to logistical 
reasons only data of children from Belgium and The Netherlands were used in the 
present study. Participation in the original RCT had ended for the children at the 
moment they were discharged from the PICU. Six months after PICU discharge, all 
1343 children included in the PEPaNIC study in Belgium and the Netherlands were 
screened for survival status via use of hospital notes, National Registers, and/or 
contact with the general practitioner or referring pediatrician. After this screening, 
parents of surviving children were sent HRQoL the questionnaires at home or through 
email. One of the parents completed the questionnaires. It was unclear whether this 
was the mother or the father. Results of these questionnaires are presented in this 
paper.

Instruments
Three internationally validated questionnaires with satisfactory psychometric 
āĮåƂåāƖĎƂĳƊƖĳāƊ΄ƶĎƂĎ΄ƞƊĎĈ΄ƖŜ΄őĎåƊƞƂĎ΄I��Ŝa͟΄�΄ĮĳħĮĎƂ΄ƊāŜƂĎ΄ƂĎǚĎāƖƊ΄ĀĎƖƖĎƂ΄I��Ŝa΄
ĦŜƂ΄åŉŉ΄ƁƞĎƊƖĳŜœœåĳƂĎƊ͟΄�åƂĎœƖƊ΄ŜĦ΄ſåƖĳĎœƖƊ΄̅ͯ̈΄ƼĎåƂƊ΄ŜŉĈ΄āŜőſŉĎƖĎĈ΄ƖĮĎ΄NœĦåœƖͯ¯ŜĈĈŉĎƂ΄
Quality of Life Questionnaire (ITQOL) about HRQoL of their child.15 The ITQOL consists 
of 103 items on 12 scales of HRQoL (for a description of the scales see Online 
Resource 1). Two scales (“General behavior” and “Getting along”) are only relevant 
for parents of children older than 1 year. The ITQOL has a good internal consistency 
ͬ�ƂŜœĀåāĮͽƊ΄åŉſĮå΄Ϊ΄̅ ̌͟ ̅ ͭ͟΄̄ ĎƊƖͯ ƂĎƖĎƊƖ ĳ́œƖƂåāŉåƊƊ΄āŜƂƂĎŉåƖĳŜœ΄āŜĎǗāĳĎœƖƊ΄ƶĎƂĎ΄őŜĈĎƂåƖĎ΄
ŜƂ΄åĈĎƁƞåƖĎ΄ͬά΄̅̊̅ͤ͟΄p < 0.001).16΄�åƂĎœƖƊ΄ŜĦ΄ſåƖĳĎœƖƊ΄̉ͯ̆̍΄ƼĎåƂƊ΄ŜŉĈ΄āŜőſŉĎƖĎĈ΄ƖĮĎ΄
Child Health Questionnaire-Parent Form 50 (CHQ-PF50) about HRQoL of their child.17 
The CHQPF50 consists of 50 items on 13 scales of HRQoL (for a description of the 
scales see Online Resource 1). The internal consistency for the CHQ-PF50 is good, 
with Cronbach’s alpha for Dutch school children ranging from 0.39 to 0.96 for an 
average of 0.72 for the subscales.18 The ITQOL and CHQ-PF50 are parallel forms of 
the same questionnaire, adapted to the age of the child. This means that nine scales 
of the questionnaires overlap: physical functioning, bodily pain, general behavior, 
general health perceptions, parental impact: emotional, parental impact: time, family 
activities, family cohesion, and change in health (for additional scales of the two forms 
see Online Resource 1, Tables 2, 3).

Parents completed the Short Form Health Survey (SF-12) regarding their own 
HRQoL. The SF-12 is a short version of the SF-36 which has shown to be an adequate 
reproduction with a lower burden for the responder. The SF-12 consists of 12 items.19,20 
The “Physical Component Summary” (PCS) and the “Mental Component Summary” 
(MCS) are reported. The internal consistency of the SF-12 is good, with Cronbach’s 
åŉſĮå΄āŜĎǗāĳĎœƖƊ΄ŜĦ΄̅̌̇͟΄ƖŜ΄̅̍̎͟͟΄¯ĎƊƖͯƂĎƖĎƊƖ΄ƂĎŉĳåĀĳŉĳƖƼ΄ƂåœħĎĈ΄ĀĎƖƶĎĎœ΄̅̌̈͟΄åœĈ΄
0.86.21

3
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For the third aim of the study, regarding the variables associated with HRQoL 
outcomes of the child, baseline characteristics were collected during admission to the 
PICU. The baseline variables collected during PICU admission were age at admission, 
gender, reason for admission (urgent or elective), length of stay, PIM2 (pediatric index 
of mortality), PELOD (pediatric logistic organ dysfunction), and diagnosis (cardiac 
surgery, surgery other, neurological, medical other). PIM2 and PELOD scores give an 
indication of severity of illness.

Norm groups
The Dutch version of HRQoL measurements was used in both Belgium and the 
Netherlands. Results of both groups were compared using Dutch normative data, 
since available Belgian normative data consisted of small norm groups. The Dutch 
norm group of the ITQOL included parents of 410 children.16 For the CHQ-PF50, the 
norm group consisted of 353 parents of Dutch school-aged children. No Dutch norms 
are available for the subscale “Change in health” of the CHQ-PF50.18 For the SF-12, the 
norm group consisted of 2301 adults from the general Dutch population.20

Statistical analysis
Baseline demographics and clinical variables for surviving children with and without 
ĦŜŉŉŜƶͲƞſ΄ĈåƖå΄åƖ΄̋΄őŜœƖĮƊ΄ƶĎƂĎ΄āŜőſåƂĎĈ΄ƶĳƖĮ΄iåœœͯÎĮĳƖœĎƼ΄U tests (continuous 
data) or Ɣ2 tests (discrete data). Baseline continuous demographical and clinical 
variables were summarized using median and interquartile range (IQR). Discrete 
variables were summarized as count and percentage. Following the scoring instructions 
of the instruments, the scale item scores for the ITQOL and CHQ-PF50 were summed 
and transformed into 0 (worst possible health state) to 100 (best possible health state) 
ƊāåŉĎ΄ƊāŜƂĎƊ͟΄¢ŜőĎ΄ƊſĎāĳǙā ĳ́ƖĎőƊ΄ƶĎƂĎ΄ƂĎāŜĈĎĈ΄ƖŜ΄ĎœƊƞƂĎ΄ƖĮåƖ΄åŉŉ ĳ́ƖĎőƊ΄ƶĎƂĎ΄ſŜƊĳƖĳƵĎŉƼ΄
scored and that higher scores indicated better health. Items with an “excellent to poor” 
ƂĎƊſŜœƊĎ΄āŜœƖĳœƞƞő΄ƶĎƂĎ΄ƂĎāåŉĳĀƂåƖĎĈ΄ƖŜ΄åāĮĳĎƵĎ΄å΄ĀĎƖƖĎƂ ŉ́ĳœĎåƂ΄ǙƖ΄ƶĳƖĮ΄āŜƂƂĎƊſŜœĈĳœħ΄
scales and to provide a better estimation of equal interval scaling.22 The SF-12 
“Physical Component Summary” and the SF-12 “Mental Component Summary” were 
transformed into T-scores (mean 50, standard deviation 10). The internal consistency 
of the ITQoL scales, CHQPF50 scales, and SF-12 scales with 2 or more items per scale 
were calculated with Cronbach’s alpha. Chronbach’s alphas > 0.70 were considered 
good. Mean scale scores of the ITQOL, CHQ-PF50, and SF-12 scores were compared 
with normative data using Student’s t tests and were reported as means and standard 
deviation. Cohen’s d ĎǖĎāƖ΄ƊĳǆĎƊ΄ƶĎƂĎ΄āåŉāƞŉåƖĎĈ΄ĀƼ΄ĈĎƖĎƂőĳœĳœħ΄ƖĮĎ΄őĎåœ΄ĈĳǖĎƂĎœāĎ΄
ĀĎƖƶĎĎœ΄ƖĮĎ΄ƖƶŜ΄ħƂŜƞſƊ΄åœĈ΄ƊƞĀƊĎƁƞĎœƖŉƼ΄ĈĳƵĳĈĳœħ΄ƖĮĳƊ΄ĈĳǖĎƂĎœāĎ΄ĀƼ΄ƖĮĎ΄ſŜŜŉĎĈ΄
ƊƖåœĈåƂĈ΄ĈĎƵĳåƖĳŜœ͟΄*ǖĎāƖ΄ƊĳǆĎƊ΄ŜĦ΄ƊőåŉŉĎƂ΄ƖĮåœ΄̅̊͟΄ƶĎƂĎ΄āŜœƊĳĈĎƂĎĈ΄Ɗőåŉŉ͚΄ĎǖĎāƖ΄ƊĳǆĎƊ΄
ĀĎƖƶĎĎœ΄̅̊͟΄åœĈ΄̅̍͟΄ƶĎƂĎ΄āŜœƊĳĈĎƂĎĈ΄őĎĈĳƞő΄åœĈ΄ĎǖĎāƖ΄ƊĳǆĎƊ΄ħƂĎåƖĎƂ΄ƖĮåœ΄̅̍͟΄ƶĎƂĎ΄
considered large. The associations between parents’ reports regarding HRQoL of their 
child and of themselves were analyzed using Pearson Correlations. Correlations of 
lower than 0.30 (positive or negative) were considered weak, correlations between 
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0.30 and 0.70 (positive or negative) were considered moderate, and higher than 0.70 
(positive or negative) were considered strong.

To assess which baseline variables are associated with subscales of parent-reported 
HRQoL outcomes of the child, overlapping scales of the ITQOL-97 and CHQ-PF50 
were combined to have one score on those scales across all ages. In linear regression 
analyses (univariate analyses), each baseline variable was associated with each 
ŜƵĎƂŉåſſĳœħ΄ƊƞĀƊāåŉĎ͟΄ÎĮĎœ΄ƖĮĎ΄åƊƊŜāĳåƖĳŜœ΄ĮåĈ΄å΄ƊĳħœĳǙāåœāĎ΄ŜĦ΄p < 0.10, the variable 
was inserted into the multiple regression analysis. After multiple regression analysis, 
baseline variables with p Ϋ΄̅̆̅͟΄ƶĎƂĎ΄ĳœāŉƞĈĎĈ΄ĳœ΄ƖĮĎ΄Ǚœåŉ΄őŜĈĎŉ͚΄åœĈ΄ƵåƂĳåĀŉĎƊ΄ƶĳƖĮ΄p 
ά΄̅̆̅͟΄ƶĎƂĎ΄ƂĎőŜƵĎĈ΄ͬĀåāņƶåƂĈ΄ĎŉĳőĳœåƖĳŜœ΄ſƂŜāĎĈƞƂĎͭ͟΄AŜƂ΄ƖĮĎ΄åƊƊŜāĳåƖĳŜœ΄ĀĎƖƶĎĎœ΄
the remaining variables and the HRQoL subscale, the total explained variance (R2) 
was calculated.

Results
Baseline characteristics of the critically ill children
Of the total patient population (N = 1343), 86 (6%) children had died within 90 days 
after PICU admission. Parents of 576 surviving children (46%, 278 of the early 
parenteral nutrition group and 298 of the late parenteral nutrition group) completed 
the questionnaires (Figure 1). Although the original PEPaNIC study is a randomized 
controlled trial, too many patients did not have follow-up data at 6 months (343 of the 
early parenteral nutrition group, 338 of the late parenteral nutrition group) to compare 
randomization groups.

Therefore, the analyses were conducted on the complete group of critically ill children 
who participated in this short-term follow-up assessment. Children of responding 
parents had less often an acute reason for admission than an elective reason for 
åĈőĳƊƊĳŜœ͚΄åœĈ΄ƖĮĎƼ΄ĈĳǖĎƂĎĈ΄ĳœ΄ƖƼſĎ΄ŜĦ΄ĈĳåħœŜƊĳƊ͚΄āŜőſåƂĎĈ΄ƶĳƖĮ΄āĮĳŉĈƂĎœ΄ŜĦ΄œŜœͲ
ƂĎƊſŜœĈĎƂƊ͟΄ÎĮĎœ΄āĮĳŉĈƂĎœ΄ŜĦ΄ĀŜƖĮ΄åħĎ΄ħƂŜƞſƊ΄ƶĎƂĎ΄āŜőſåƂĎĈ΄ͬāĮĳŉĈƂĎœ΄åħĎĈ΄̅ͯ̈΄
ƼĎåƂƊ΄åœĈ΄āĮĳŉĈƂĎœ΄åħĎĈ΄̉ͯ̆̍΄ƼĎåƂƊ͚ͭ΄ĈĳǖĎƂĎœāĎƊ΄ƶĎƂĎ΄ĦŜƞœĈ΄ĳœ΄åħĎ͚΄ĀƞƖ΄åŉƊŜ΄ĳœ΄ƂĳƊņ΄ŜĦ΄
mortality (lower risk in older children) and diagnosis (Table 1).

HRQoL of critically ill children 6 months after PICU admission
As to the internal consistency of the instruments in the current sample, the Cronbach’s 
åŉſĮåƊ΄ŜĦ΄ƖĮĎ΄N¯�Ŝa΄ƊāåŉĎƊ΄åƵĎƂåħĎĈ΄̅̍̌͟΄ͬ̅̌͟ ͚̉ͯ̅̎̉ͭ͟΄ƖĮŜƊĎ΄ŜĦ΄ƖĮĎ΄�I�Ͳ�Å̅΄ƊāåŉĎƊ΄
åƵĎƂåħĎĈ΄̅̍̊͟΄͚ͬ̅̋̋ͯ̅̎̍ͭ͟͟΄åœĈ΄ƖĮŜƊĎ΄ŜĦ΄ƖĮĎ΄¢AͲ̆̇΄åƵĎƂåħĎĈ΄̅̍̋͟΄ͬ̅̌͟ ̊ͯ̅̎̈ͭ͟͟΄tœŉƼ΄ƖĮĎ΄
CHQ-PF50 scale ‘mental health’ (ž = 0.66) had a Cronbach’s alpha < 0.70.

Parents of 390 children between 0-3 years old (44%) completed the ITQOL (Table 
2ͭ͟΄I��Ŝa΄ŜĦ΄�N�¶΄āĮĳŉĈƂĎœ΄ͬ̅ͯ̈΄ƼĎåƂƊ΄ŜŉĈͭ΄ƶåƊ΄ŉŜƶĎƂ΄āŜőſåƂĎĈ΄ƶĳƖĮ΄œŜƂőåƖĳƵĎ΄ĈåƖå΄
on “Physical functioning”, “Growth and development”, “Bodily pain”, “Temperament 

3

José_Proefschrift.indd   69José_Proefschrift.indd   69 28/10/2020   16:25:4428/10/2020   16:25:44



70

Chapter 3

and moods”, “General health perceptions”, “Parental impact” (Emotional and Time), 
and “Family activities” (p < 0.001). Scores were comparable on “General behavior” 
(p = 0.130) and “Getting along” (p = 0.936), which were completed only by parents 
of children older than 1 year. Parent-reported HRQoL of the child was higher than 
normative data on “Family cohesion” and “Change in health” (p Ϋ΄̅̅̅̆ͭ͟͟΄*ǖĎāƖ΄ƊĳǆĎƊ΄
were medium to large except for two scales (“Temperament and moods”, and “Family 
āŜĮĎƊĳŜœͻͭ΄Ŝœ΄ƶĮĳāĮ΄ĎǖĎāƖ΄ƊĳǆĎƊ΄ƶĎƂĎ΄Ɗőåŉŉ͟΄�åƂĎœƖƊ΄ŜĦ΄̆̍̋΄āĮĳŉĈƂĎœ΄ĀĎƖƶĎĎœ΄̉΄åœĈ΄
18 years old (42%) completed the CHQ-PF50 (Table 2). Parent-reported HRQoL of 
these children was lower compared with normative data on all scales, except for 
“Family cohesion” (p Ψ΄̅̍̎̍ͭ͟͟΄*ǖĎāƖ΄ƊĳǆĎƊ΄ƶĎƂĎ΄őĎĈĳƞő΄ƖŜ΄ŉåƂħĎ΄ĎƻāĎſƖ΄ĦŜƂ΄ƖƶŜ΄ƊāåŉĎƊ΄
ͬͺBĎœĎƂåŉ΄ĀĎĮåƵĳŜƂͻ΄åœĈ΄ͺ¢ĎŉĦͲĎƊƖĎĎőͻͭ΄ĦŜƂ΄ƶĮĳāĮ΄ĎǖĎāƖ΄ƊĳǆĎƊ΄ƶĎƂĎ΄Ɗőåŉŉ͟

Figure 1. Flowchart of inclusion. ITQOL infant and toddler quality of life questionnaire, CHQ-PF child, health 
questionnaire-parent form, SF short form health survey

HRQoL of the parents
Parents of 570 children (42%) completed the SF-12 about their own HRQoL. Parents 
ƂĎſŜƂƖĎĈ΄ƊĳħœĳǙāåœƖŉƼ΄ĮĳħĮĎƂ΄ƊāŜƂĎƊ΄ƖĮåœ΄œŜƂőåƖĳƵĎ΄ĈåƖå΄Ŝœ΄ƖĮĎ΄ͺ�ĮƼƊĳāåŉ΄āŜőſŜœĎœƖ΄
summary” of their own HRQoL (n = 555, parents of patients 53.7 (SD 7.6) versus norm 
50.7 (SD 9.2), p < 0.001, Cohen’s d ̅̈̊ͭ͟͟΄¯ĮĎ΄ĎǖĎāƖ΄ƊĳǆĎ΄ƶåƊ΄Ɗőåŉŉ͟΄�åƂĎœƖƊ΄ƊāŜƂĎĈ΄
ƊĳħœĳǙāåœƖŉƼ΄ŉŜƶĎƂ΄ƖĮåœ΄œŜƂőåƖĳƵĎ΄ĈåƖå΄Ŝœ΄ƖĮĎ΄ͺiĎœƖåŉ΄āŜőſŜœĎœƖ΄ƊƞőőåƂƼͻ΄ŜĦ΄ƖĮĎĳƂ΄
own HRQoL (n = 556, parents of patients 47.2 (SD 12.1) versus norm 50.5 (SD 9.4), p < 
0.001, Cohen’s d ̈̅ͭ͟͟΄�ŉƊŜ΄ĮĎƂĎ͚΄ƖĮĎ΄ĎǖĎāƖ΄ƊĳǆĎ΄ƶåƊ΄Ɗőåŉŉ͟
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Health-related quality of life 6 months after PICU admission

Associations between HRQoL of the parents and that of their children
kŜ΄ƊĳħœĳǙāåœƖ΄āŜƂƂĎŉåƖĳŜœƊ΄ƶĎƂĎ΄ĦŜƞœĈ΄ĀĎƖƶĎĎœ΄ƖĮĎ΄ƊĎŉĦͲƂĎſŜƂƖĎĈ΄¢AͲ̆̇΄ͺ�ĮƼƊĳāåŉ΄
component summary” and the scales of the parent-reported ITQOL and CHQ-PF50 
regarding the child’s HRQoL, except for “Physical functioning” (ITQOL, Pearson 
Correlation 0.12, p = 0.028) and “Bodily pain” (CHQ-PF50, Pearson Correlation 
.18, p = 0.021) (Table 3). The self-reported SF-12 “Mental component summary” 
ƊĳħœĳǙāåœƖŉƼ΄āŜƂƂĎŉåƖĎĈ΄ƶĳƖĮ΄åŉŉ΄ƊāåŉĎƊ΄ŜĦ΄ƖĮĎ΄ſåƂĎœƖͲƂĎſŜƂƖĎĈ΄N¯�ta΄åœĈ΄�I�Ͳ�Å̅΄
ƂĎħåƂĈĳœħ΄ƖĮĎ΄āĮĳŉĈͽƊ΄I��Ŝa΄ͬ�ĎåƂƊŜœ΄�ŜƂƂĎŉåƖĳŜœƊ΄ƂåœħĎƊ΄̅̇̊ͯ̅̊͟͟ ͚̌΄p Ϋ΄̅̅̅̆ͯ̅̅̅̇ͭ͟͟΄
(Table 3). These correlations are all positive, which means that when the score on the 
self-reported SF-12 “Mental component summary” was higher, scores on scales of 
the parent-reported ITQOL and CHQ-PF50 for the child were also higher. Regarding 
the strengths of the correlations, most scales of the child’s HRQoL were moderately 
correlated to the mental component of parents HRQoL (Table 3).

Baseline PICU variables associated with 6 months’ HRQoL of the child
Baseline variables during PICU stay explained the most variance in the following 
scales (ranging from 12 to 26%): parent-reported physical functioning of the child, 
change in health of the child, and parental impact emotional, compared with the other 
six parent-reported HRQoL scales of the child (explained variances lower than 10%) 
(Online Resource 2 and Table 4). Higher age at admission of the child, longer length 
of PICU stay, a higher PIM2 score (higher risk of mortality), and other diagnoses than 
cardiac surgery were associated with worse scores for children on parent-reported 
physical functioning, change in health, and parental impact emotional. Overall as to 
diagnosis, parents of children with cardiac surgery reported the most favorable scores 
and parents of children with a neurological diagnosis reported the lowest scores on 
physical functioning, change in health, and parental impact emotional.

3
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Health-related quality of life 6 months after PICU admission

kŜ΄ƊĳħœĳǙāåœƖ΄āŜƂƂĎŉåƖĳŜœƊ΄ƶĎƂĎ΄ĦŜƞœĈ΄ĀĎƖƶĎĎœ΄ƖĮĎ΄ƊĎŉĦͲƂĎſŜƂƖĎĈ΄¢AͲ̆̇΄ͺ�ĮƼƊĳāåŉ΄
component summary” and the scales of the parent-reported ITQOL and CHQ-PF50 
regarding the child’s HRQoL, except for “Physical functioning” (ITQOL, Pearson 
Correlation 0.12, p = 0.028) and “Bodily pain” (CHQ-PF50, Pearson Correlation 
.18, p = 0.021) (Table 3). The self-reported SF-12 “Mental component summary” 
ƊĳħœĳǙāåœƖŉƼ΄āŜƂƂĎŉåƖĎĈ΄ƶĳƖĮ΄åŉŉ΄ƊāåŉĎƊ΄ŜĦ΄ƖĮĎ΄ſåƂĎœƖͲƂĎſŜƂƖĎĈ΄N¯�ta΄åœĈ΄�I�Ͳ�Å̅΄
ƂĎħåƂĈĳœħ΄ƖĮĎ΄āĮĳŉĈͽƊ΄I��Ŝa΄ͬ�ĎåƂƊŜœ΄�ŜƂƂĎŉåƖĳŜœƊ΄ƂåœħĎƊ΄̅̇̊ͯ̅̊͟͟ ͚̌΄p Ϋ΄̅̅̅̆ͯ̅̅̅̇ͭ͟͟΄
(Table 3). These correlations are all positive, which means that when the score on the 
self-reported SF-12 “Mental component summary” was higher, scores on scales of 
the parent-reported ITQOL and CHQ-PF50 for the child were also higher. Regarding 
the strengths of the correlations, most scales of the child’s HRQoL were moderately 
correlated to the mental component of parents HRQoL (Table 3).

Baseline PICU variables associated with 6 months’ HRQoL of the child
Baseline variables during PICU stay explained the most variance in the following 
scales (ranging from 12 to 26%): parent-reported physical functioning of the child, 
change in health of the child, and parental impact emotional, compared with the other 
six parent-reported HRQoL scales of the child (explained variances lower than 10%) 
(Online Resource 2 and Table 4). Higher age at admission of the child, longer length 
of PICU stay, a higher PIM2 score (higher risk of mortality), and other diagnoses than 
cardiac surgery were associated with worse scores for children on parent-reported 
physical functioning, change in health, and parental impact emotional. Overall as to 
diagnosis, parents of children with cardiac surgery reported the most favorable scores 
and parents of children with a neurological diagnosis reported the lowest scores on 
physical functioning, change in health, and parental impact emotional.

Table 4. Final model results of baseline characteristics associated with overlapping scales of the Infant 
¯ŜĈĈŉĎƂ΄�ƞåŉĳƖƼ΄ŜĦ΄aĳĦĎ΄�ƞĎƊƖĳŜœœåĳƂĎ΄ͬN¯�taͭ΄åœĈ΄�ĮĳŉĈ΄IĎåŉƖĮ΄�ƞĎƊƖĳŜœœåĳƂĎ΄ͯ΄�åƂĎœƖ΄AŜƂő΄̊̅΄ͬ�I�Ͳ�Å̅ͭ

Subscale n Constant ¶œƊƖåœĈåƂĈĳǆĎĈ΄
ſ

SE ¢ƖåœĈåƂĈĳǆĎĈ΄
ſ

p-value Multiple 
R2

Impact on the child

Physical functioning 535

Age at admission in years 83.02 -1.13 .23 -.20 <.01 .12

Length of stay -.33 .12 -.12 <.01

PIM2 -3.10 .83 -.17 <.01

$ĳåħœŜƊĳƊ΄ͯ΄ƊƞƂħĎƂƼ΄ŜƖĮĎƂa -9.66 2.66 -.17 <.01

Diagnosis- neurologicala -15.66 5.04 -.13 <.01

$ĳåħœŜƊĳƊ΄ͯ΄őĎĈĳāåŉ΄
othera

-1.67 3.10 -.02 .59

Bodily pain 572

Length of stay 69.47 -.34 .11 -.14 <.01 .05

PIM2 -1.86 .68 -.12 .01

General behavior

$ĳåħœŜƊĳƊ΄ͯ΄ƊƞƂħĎƂƼ΄ŜƖĮĎƂa 75.01 -.00 1.86 .00 .99 .02

3
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Table 4. Final model results of baseline characteristics associated with overlapping scales of the Infant 
¯ŜĈĈŉĎƂ΄�ƞåŉĳƖƼ΄ŜĦ΄aĳĦĎ΄�ƞĎƊƖĳŜœœåĳƂĎ΄ͬN¯�taͭ΄åœĈ΄�ĮĳŉĈ΄IĎåŉƖĮ΄�ƞĎƊƖĳŜœœåĳƂĎ΄ͯ΄�åƂĎœƖ΄AŜƂő΄̊̅΄ͬ�I�Ͳ�Å̅ͭ

Subscale n Constant ¶œƊƖåœĈåƂĈĳǆĎĈ΄
ſ

SE ¢ƖåœĈåƂĈĳǆĎĈ΄
ſ

p-value Multiple 
R2

Diagnosis- neurologicala -7.26 3.67 -.11 .05

$ĳåħœŜƊĳƊ΄ͯ΄őĎĈĳāåŉ΄
othera

1.87 2.34 .05 .42

General health perceptions 569

Length of stay 49.87 -.27 .10 -.12 <.01 .06

PIM2 -1.75 .67 -.12 <.01

$ĳåħœŜƊĳƊ΄ͯ΄ƊƞƂħĎƂƼ΄ŜƖĮĎƂa -1.00 2.15 -.02 .64

Diagnosis- neurologicala -6.02 4.16 -.06 .15

Diagnosis - medical 
othera

-5.72 2.52 -.10 .02

Change in health 300

Age at admission in years 89.85 -1.12 .37 -.16 <.01 .26

Reason for admissionb -13.43 5.36 -.19 .01

Length of stay -.43 .18 -.12 .02

$ĳåħœŜƊĳƊ΄ͯ΄ƊƞƂħĎƂƼ΄ŜƖĮĎƂa -16.39 4.72 -.23 <.01

$ĳåħœŜƊĳƊ΄ͯ΄œĎƞƂŜŉŜħĳāåŉa -23.62 9.18 -.16 .01

$ĳåħœŜƊĳƊ΄ͯ΄őĎĈĳāåŉ΄
othera

-20.92 7.05 -.23 <.01

Impact on the family

Parental impact emotional 571

Age at admission in years 81.35 -1.78 .21 -.33 <.01 .18

Length of stay -.23 .11 -.09 .03

PIM2 -2.14 .73 -.13 <.01

$ĳåħœŜƊĳƊ΄ͯ΄ƊƞƂħĎƂƼ΄ŜƖĮĎƂa -10.11 2.37 -.18 <.01

$ĳåħœŜƊĳƊ΄ͯ΄œĎƞƂŜŉŜħĳāåŉa -11.95 4.60 -.10 .01

$ĳåħœŜƊĳƊ΄ͯ΄őĎĈĳāåŉ΄
othera

-3.36 2.74 -.05 .22

Parental impact time 570

Age at admission in years 75.30 -.85 .22 -.16 <.01 .09

Genderc 4.53 2.05 .09 .03

PIM2 -3.01 .76 -.18 <.01

$ĳåħœŜƊĳƊ΄ͯ΄ƊƞƂħĎƂƼ΄ŜƖĮĎƂa -8.87 2.46 -.16 <.01

$ĳåħœŜƊĳƊ΄ͯ΄œĎƞƂŜŉŜħĳāåŉa -9.73 4.86 -.08 .05

$ĳåħœŜƊĳƊ΄ͯ΄őĎĈĳāåŉ΄
othera

.20 2.84 .00 .95

Family cohesion 568

Age at admission in years 79.97 -.83 .17 -.20 <.01 .04

Family activity 568

Length of stay 69.75 -.36 .11 -.14 <.01 .04

PIM2 -1.53 .73 -.09 .04

a Reference category is diagnosis cardiac surgery
b Elective = 0, acute = 1
c Male = 0, female = 1
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Discussion

Overall, HRQoL of children 6 months after critical illness, as reported by parents, 
appeared to be lower than that of healthy peers of the general population. With 
regard to parents’ own HRQoL, parents reported higher scores on physical aspects 
of HRQoL and lower scores on mental aspects of HRQoL compared with adults from 
the general population. Furthermore, parents’ own mental HRQoL showed positive 
associations with scales of HRQoL that they reported for their child.

In line with previous research, parent-reported HRQoL of children in the short-term 
after critical illness was lower compared with healthy children.7,8 In the current study, 
most domains were impaired in PICU survivors as reported by the parent. However, on 
a few scales PICU survivors scored comparable or even better than healthy children. 
One of these scales is the family cohesion, indicating that the relationships between 
family members did not seem to be impaired. Therefore, although critical illness of 
a child impacts the emotional state of each family member,23 it does not seem to 
impact the bonds within the family. Moreover, it may even strengthen bonds as is 
ƂĎǚĎāƖĎĈ΄ĳœ΄ƂĎƊƞŉƖƊ΄ŜĦ΄ƖĮĎ΄N¯�ta΄ĳœ΄ƖĮĎ΄āƞƂƂĎœƖ΄ƊƖƞĈƼ͟΄¯ĮĳƊ΄őĳħĮƖ΄ſƂŜĀåĀŉƼ΄ĀĎ΄ĈƞĎ΄ƖŜ΄
enhanced awareness of the value of these relationships in burdensome times, shortly 
after critical illness of the child. This could be a result of a response shift, in which 
ſåƂĎœƖƊ΄ƵåŉƞĎ΄āĎƂƖåĳœ΄åƊſĎāƖƊ΄ŜĦ΄ŉĳĦĎ΄őŜƂĎ΄åƊ΄å΄āŜœƊĎƁƞĎœāĎ΄ŜĦ΄ƖĮĎ΄ĈĳǗāƞŉƖ΄ƊĳƖƞåƖĳŜœ΄
they are in.3,24 It has also been reported that strengths of attachment within the family 
increase in the short-term after PICU admission of a child.23

ÎĳƖĮ΄ƂĎħåƂĈ΄ƖŜ΄ĀĎĮåƵĳŜƂåŉ΄åƊſĎāƖƊ΄ŜĦ΄I��Ŝa͚΄ſåƂĎœƖƊ΄ŜĦ΄ŜŉĈĎƂ΄�N�¶΄ƊƞƂƵĳƵŜƂƊ΄ͬ̉ͯ̆̍΄
years) reported worse scores for their children compared to healthy peers on the 
subscale ‘general behavior’. This is in contrast with a study that used the same 
questionnaire and that examined HRQoL in school aged children 10 years after 
admission to the PICU for meningococcal disease.12΄�ĮĳŉĈƂĎœ΄ĈĳĈ΄œŜƖ΄ƊĮŜƶ΄ƊĳħœĳǙāåœƖ΄
ĈĳǖĎƂĎœāĎƊ΄ƶĳƖĮ΄œŜƂőåƖĳƵĎ΄ĈåƖå΄Ŝœ΄ ƖĮĎ΄ƊƞĀƊāåŉĎ΄ ͼħĎœĎƂåŉ΄ĀĎĮåƵĳŜƂͽ΄ ĳœ΄ ƖĮĳƊ΄ƊƖƞĈƼ͟΄
Possibly, the longer follow-up interval compared to the current study caused the 
ĈĳǖĎƂĎœāĎƊ΄ĀĎƖƶĎĎœ΄ƖĮĎ΄ƖƶŜ΄ƊƖƞĈĳĎƊ͟΄¯ĮĳƊ΄ƊƞħħĎƊƖƊ΄ƖĮåƖ΄āĮĳŉĈƂĎœ΄Ŝœ΄ƖĮĎ΄ƊĮŜƂƖͲƖĎƂő΄
have to adjust their behavior, but show behavior that is similar to their peers on the 
longer term.

The role of parents’ own HRQoL in their reports of HRQoL of their children
Parents reported that their own HRQoL with regard to physical aspects was better 
than that of adults from the general population. In a previous study, parents reported 
that the PICU admission of their child made them appreciate life more fully.12 
Especially when parents have seen the possible poor physical health state a person 
can be in, their internal standards of physical health may change. This is called a 
response shift.12

3
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With regard to mental aspects of HRQoL, parents reported worse HRQoL for 
ƖĮĎőƊĎŉƵĎƊ΄āŜőſåƂĎĈ΄ƶĳƖĮ΄åĈƞŉƖƊ΄ĦƂŜő΄ƖĮĎ΄ħĎœĎƂåŉ΄ſŜſƞŉåƖĳŜœ͟΄̄ ĮĳƊ΄åſſĎåƂƊ΄ƖŜ΄ƂĎǚĎāƖ΄
the psychosocial burden of critical illness of their child and is in line with previous 
studies.3,25 These psychosocial symptoms are common among parents of children 
previously admitted to the PICU.26,27 In the short-term, 6 months after admission, 
parents have to adjust to the psychosocial burden they experienced due to the critical 
illness in their child.

Parents’ own mental HRQoL was positively correlated to the HRQoL they report for 
their child. This means that when parents’ mental HRQoL is better, parent-reported 
HRQoL of the child is also better. The association between parent-reported HRQoL of 
children and self-reported HRQoL of parents themselves might be explained by the 
ĦåāƖ΄ƖĮåƖ΄ĦåőĳŉƼ΄āĮåƂåāƖĎƂĳƊƖĳāƊ ĳ́œǚƞĎœāĎ΄āĮĳŉĈƂĎœͽƊ΄I��Ŝa͟3 When parents experience 
ĳőſåĳƂőĎœƖƊ΄ĳœ΄ƖĮĎĳƂ΄őĎœƖåŉ΄ĮĎåŉƖĮ΄åƊ΄åœ΄ĎǖĎāƖ΄ŜĦ΄ƖĮĎ΄�N�¶΄åĈőĳƊƊĳŜœ΄ŜĦ΄ƖĮĎĳƂ΄āĮĳŉĈ͚΄
ƖĮĳƊ΄ƶĳŉŉ΄ĳœǚƞĎœāĎ΄ƖĮĎ΄ƶåƼ΄ƖĮĎ΄ĦåőĳŉƼ΄ĳƊ΄ĦƞœāƖĳŜœĳœħ͟΄¢ĳœāĎ΄ƖĮĎ΄āĮĳŉĈ΄ĳƊ΄ĈĎſĎœĈĎœƖ΄Ŝœ΄
the parents for physical, emotional. and social needs, their HRQoL will be lower as 
well.3 However, the found association between the HRQoL of the child and the HRQoL 
ŜĦ΄ƖĮĎ΄ſåƂĎœƖƊ΄āŜƞŉĈ΄åŉƊŜ΄ĀĎ΄ƂĎǚĎāƖĳŜœ΄ŜĦ΄ƖĮĎ΄ĈĳƊƖƂĎƊƊ΄ƖĮåƖ΄ſåƂĎœƖƊ΄ĎƻſĎƂĳĎœāĎ͟24 This 
might also explain why parents in previous studies report more problems than the 
child regarding the child’s health status.28΄¯ĮĎ΄ſĮĎœŜőĎœŜœ΄ŜĦ΄ƖĮĎƊĎ΄ĈĳǖĎƂĎœāĎƊ΄
between parent-reports and self-reports of the child’s HRQoL is called the proxy-
problem and has been extensively studied.29

Variables during PICU stay associated with HRQoL outcomes
Parents of children who were admitted to the PICU report worse scores for physical 
functioning and change in health of their child when the child had a higher age at 
admission, had a longer length of stay and had a more severe illness. Furthermore, 
when the diagnosis of the child was related to a cardiac surgery, parent-reported 
physical functioning and change of health was higher for the child. With regard to the 
emotional impact on the parent we found the same variables that were associated 
with lower HRQoL outcomes of the child. The associations between length of stay 
and severity of illness with parent-reported HRQoL of the child are in line with results 
that have been found in previous reviews.2,23,30 Age and diagnosis are relatively less 
studied in these reviews. However, it should be noted that the sample size of children 
with a neurological condition in the current study was relatively low, which could 
ĮåƵĎ΄ĳœǚƞĎœāĎĈ΄ƖĮĎ΄ƂĎƊƞŉƖƊ͟

Implications
Considering the impaired HRQoL of children a few months after PICU admission, 
identifying children most at risk by asking parents to complete HRQoL questionnaires 
should be part of the follow-up care to intervene early and to prevent problems on 
the longer term. The self-reported mental wellbeing of parents, which was associated 
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with their reports on HRQoL outcomes for children, suggests that the focus of 
follow-up interventions might have to involve the entire family. Furthermore, HRQoL 
outcomes of critically ill children and the impact of parents’ own perceived HRQoL 
in the longer term after critical illness of the child could be investigated. A study that 
examined the longer term in the most critically ill children (who needed a prolonged 
PICU stay) with a mean follow-up of 6 years showed that although some children 
recover from the HRQoL impairments, almost half of the children were at risk for 
impaired HRQoL on the longer term,31 what suggests that research into children who 
experience impaired HRQoL on the longer term is necessary. Lastly, since a higher 
age at admission, a longer length of PICU stay, a more severe illness, and another 
diagnosis than cardiac diagnosis were associated with lower HRQoL of the child, 
children and parents with these characteristics are of special attention in follow-up 
programs.

Limitations and strengths
Our study has some limitations that need to be addressed. First, despite the large 
sample size, the response rate was relatively low. However, other follow-up studies 
that examined HRQoL on the short-term after critical illness showed similar response 
rates.7,32΄$ƞĎ΄ƖŜ΄ƖĮĎ΄ƂĎŉåƖĳƵĎŉƼ΄ŉŜƶ΄ƂĎƊſŜœƊĎ΄ƂåƖĎƊ͚΄ƶĎ΄ĈĎāĳĈĎĈ΄œŜƖ΄ƖŜ΄åœåŉƼǆĎ΄ƖĮĎ΄ĎǖĎāƖƊ΄
of the RCT, which is a shortcoming of the study as well since withholding parenteral 
œƞƖƂĳƖĳŜœ΄ĈƞƂĳœħ΄ƖĮĎ΄ǙƂƊƖ΄ƶĎĎņ΄ŜĦ΄āƂĳƖĳāåŉ΄ ĳŉŉœĎƊƊ΄őĳħĮƖ΄ĮåƵĎ΄ĳœǚƞĎœāĎĈ΄ƖĮĎ΄I��Ŝa΄
ŜƞƖāŜőĎƊ΄ĳœ΄å΄ĀĎœĎǙāĳåŉ΄ƶåƼ΄åƊ΄ƖĮĎ΄ƊĮŜƂƖͲƖĎƂő΄őĎĈĳāåŉ΄ŜƞƖāŜőĎƊ΄ƶĎƂĎ΄ſŜƊĳƖĳƵĎ΄åƊ΄
well.13 Another limitation of this study is that no self-reports of children regarding 
their own HRQoL were reported. Although proxy-reports are valuable instruments 
since parents are so closely involved in the child’s life,24 some scales are subjective 
and might be hard to observe by the parents,29 such as mental health and self-
esteem. However, only 12% of the children in our sample was old enough (12 years 
or older) to be able to report their own HRQoL with the self-report version of the 
questionnaire. Therefore, proxy reports were unavoidable. Nevertheless, the current 
results should be interpreted from the perspective of the parent, and therefore with 
āåƞƖĳŜœ͟΄ AƞƂƖĮĎƂőŜƂĎ͚΄ āĮĳŉĈƂĎœ΄ ŜĦ΄ ƂĎƊſŜœĈĳœħ΄ ſåƂĎœƖƊ΄ ĈĳǖĎƂĎĈ΄ ĳœ΄ ĎőĎƂħĎœāƼ΄ ŜĦ΄
admission and diagnosis, compared with children of non-responding parents. Lastly, 
all data of Dutch and Belgian children and parents were compared to Dutch normative 
ĈåƖå͟΄$ĳǖĎƂĎœāĎƊ΄őĳħĮƖ΄ĎƻĳƊƖ΄ĀĎƖƶĎĎœ΄ƖĮĎ΄$ƞƖāĮ΄åœĈ΄�Ďŉħĳåœ΄ħĎœĎƂåŉ΄ſŜſƞŉåƖĳŜœ͟΄¯ĮĎ΄
$ƞƖāĮ΄œŜƂőåƖĳƵĎ΄ĈåƖå΄ƊĮŜƶ΄ŉĳƖƖŉĎ΄ĈĳǖĎƂĎœāĎƊ΄āŜőſåƂĎĈ΄ƖŜ΄ƖĮĎ΄ƊåőſŉĎ΄ŜĦ΄āĮĳŉĈƂĎœ΄ĳœ΄
the current study regarding gender (ITQOL norm data 50% girls,16 study sample 41% 
girls, CHQ-PF50 norm data 54% girls,18 study sample 46% girls) and age (ITQOL norm 
data mean 2.1 years,16 study sample mean 0.9 years, CHQPF50 norm data mean 8.8 
years,18 study sample mean 9.5 years). In the current sample there are a bit more 
girls and the children were a little younger. The sample-based internal consistency 
of the HRQoL instruments used were satisfying and were comparable or even better 
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than the internal consistency as reported for the normative groups in the concerning 
manuals. However, the current results should be generalized with caution.

A strength of the current study is that this study is unique in its sample size, which is 
much larger than most studies on HRQoL of PICU survivors. The added value of this 
study is that it not only examined HRQoL of children and parents after PICU admission, 
but also investigated the relation between parent-reports regarding their own HRQoL 
and regarding their child.

Conclusion
HRQoL seems to be important in evaluating the health status of critically ill children 
and is usually reported by parents. Six months after discharge from the PICU this 
HRQoL of the child is lower compared with healthy children from the general 
population. The current study suggests that parents’ own physical health after PICU 
admission of their child is better than that of the general population of adults, but that 
their mental HRQoL is lower. These lower scores on mental health of parents seem 
to be associated with lower HRQoL they report for their children. Therefore, parents 
should also be targeted in follow-up care for PICU survivors, but more research on 
this parental role is needed.
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Appendix Chapter 3
Online resource 1

Table 1. N¯�ta΄ƊāåŉĎƊ΄åœĈ΄ƊāŜƂĎ΄ĳœƖĎƂſƂĎƖåƖĳŜœ΄͕

Scale Description low score Description high score

Physical 
functioning (PF)

Child is considerably limited in 
performing physical activities such as 
eating, sleeping, grasping, and playing 
due to health problems

Child performs all types of physical 
activities such as eating, sleeping, 
grasping, and playing without limitations 
due to health problems

Growth and 
development 
(GD)

�åƂĎœƖ΄ĳƊ΄ƵĎƂƼ΄ĈĳƊƊåƖĳƊǙĎĈ΄ƶĳƖĮ΄
development (physical growth, 
motor, language, cognitive), habits 
(eating, feeding, sleeping) and overall 
temperament

�åƂĎœƖ΄ĳƊ΄ƵĎƂƼ΄ƊåƖĳƊǙĎĈ΄ƶĳƖĮ΄ĈĎƵĎŉŜſőĎœƖ΄
(physical growth, motor, language, 
cognitive), habits (eating, feeding, sleeping) 
and overall temperament

Bodily pain (BP) Child has extremely severe, frequent 
and limiting bodily pain/discomfort

Child has no pain or limitations due to 
pain/discomfort

Temperament 
and moods (TM)

Child very often has certain moods 
and temperaments, such as sleeping/
ĎåƖĳœħ΄ĈĳǗāƞŉƖĳĎƊ͚΄āƂåœņĳœĎƊƊ͚΄ĦƞƊƊĳœĎƊƊ΄
unresponsiveness and lack of 
playfulness and alertness

Child never has certain moods and 
temperaments, such as sleeping/
ĎåƖĳœħ΄ĈĳǗāƞŉƖĳĎƊ͚΄āƂåœņĳœĎƊƊ͚΄ĦƞƊƊĳœĎƊƊ΄
unresponsiveness and lack of playfulness 
and alertness

General 
behavior (BE)

Parent believes child’s behavior is poor 
and likely to get worse

Parent believes child’s behavior is excellent 
and will continue as such

Getting along 
(GA)

Child very often exhibits behavioral 
problems, such as not following 
directions, hitting, biting others, 
throwing tantrums, and being easily 
distracted, while positive behavior, 
such as ability to cooperate, to appear 
sorry, and to adjust to new situations is 
seldom shown

Child never exhibits behavioral problems, 
such as not following directions, hitting, 
biting others, throwing tantrums, and being 
easily distracted, while positive behavior, 
such as ability to cooperate, to appear 
sorry, and to adjust to new situations is 
frequently shown

General health 
perceptions (GH)

Parent believes child’s health is poor 
and likely to get worse

Parent believes child’s health is excellent 
and will continue as such

Parental impact: 
emotional (PE)

Parent experiences a great deal of 
emotional worry/concern as a result 
of child’s physical and/or psychosocial 
health and/or growth and development

Parent doesn’t experience feelings of 
emotional worry/concern as a result of 
child’s physical and/or psychosocial health 
and/or growth and development

Parental impact: 
time (PT)

Parent experiences a lot of limitations in 
time avail-able for personal needs due 
to child’s physical and/or psychosocial 
health and/or growth and development

Parent doesn’t experience limitations in 
time avail-able for personal needs due to 
child’s physical and/or psychosocial health 
and/or growth and development

Family activities 
(FA)

The child’s health and/or growth and 
development very often limits and 
interrupts family activities or is a source 
of family tension

The child’s health and/or growth and 
development never limits and interrupts 
family activities or is a source of family 
tension

Family cohesion 
(FC)

Family’s ability to get along is rated as 
‘poor’

Family’s ability to get along is rated as 
‘excellent’

Change in health 
(CH)

Child’s health is much worse now than 
1 year ago

Child’s health is much better now than 1 
year ago

͕΄�ĳƖĎĈ΄ĀƼ΄ͺ¯ĮĎ΄�I�΄ƞƊĎƂͽƊ΄őåœƞåŉͻ΄1
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Table 2.΄�I�Ͳ�Å̅΄ƊƞſſŉĎőĎœƖåƂƼ΄ƊāåŉĎƊ΄ŜĦ΄ƖĮĎ΄�I�Ͳ�Å̅΄åœĈ΄ƊāŜƂĎ΄ĳœƖĎƂſƂĎƖåƖĳŜœ΄͕

Scale Description low score Description high score

Role functioning: 
Emotional / 
Behavior (REB)

Child is limited a lot in school work 
or activities with friends as a result of 
emotional or behavior problems

Child has no limitations in schoolwork or 
activities with friends as a result of emotional 
or behavior problems

Role functioning: 
Physical (RF)

Child is limited a lot in school work 
or activities with friends as a result of 
physical health

Child has no limitations in schoolwork or 
activities with friends as a result of physical 
health

Mental health 
(MH)

Child has feelings of anxiety and 
depression all of the time

Child feels peaceful, happy and calm all of 
the time

Self-esteem (SE) �ĮĳŉĈ΄ĳƊ΄ƵĎƂƼ΄ĈĳƊƊåƖĳƊǙĎĈ΄ƶĳƖĮ΄åĀĳŉĳƖĳĎƊ͚΄
looks, family/peer relationships and 
life overall

�ĮĳŉĈ΄ĳƊ΄ƵĎƂƼ΄ƊåƖĳƊǙĎĈ΄ƶĳƖĮ΄åĀĳŉĳƖĳĎƊ͚΄ŉŜŜņƊ͚΄
family/peer relationships and life overall

͕΄�ĳƖĎĈ΄ĀƼ΄ͺ¯ĮĎ΄�I�΄ƞƊĎƂͽƊ΄őåœƞåŉͻ͙΄aåœĈħƂåĦ΄]i͚΄�ĀĎƖǆ΄a͚΄ÎåƂĎ΄]*͟΄�ĮĳŉĈ΄ĮĎåŉƖĮ΄ƁƞĎƊƖĳŜœœåĳƂĎ΄ͬ�I�ͭ΄͙΄å΄
user’s manual. Boston, Mass.: Landgraf & Ware; 1999.
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Chapter 4

Abstract

Background The Pediatric Early versus Late Parenteral Nutrition in Critical Illness 
(PEPaNIC) multicenter, randomized, controlled trial showed that compared with early 
parenteral nutrition (Early PN), withholding supplemental parenteral nutrition for 1 week 
in the pediatric intensive care unit (PICU; Late PN) reduced infections and accelerated 
recovery from critical illness in children. We aimed to investigate the long-term impact 
on physical and neurocognitive development of early versus late parenteral nutrition (PN).

Methods In this preplanned 2-year follow-up study, all patients included in the PEPaNIC 
ƖƂĳåŉ΄ͬƶĮĳāĮ΄ƶåƊ΄ĈŜœĎ΄ĳœ΄¶œĳƵĎƂƊĳƖƼ΄IŜƊſĳƖåŉƊ΄aĎƞƵĎœ͚΄�Ďŉħĳƞőͤ΄*ƂåƊőƞƊ΄i�ͯ¢ŜſĮĳå΄
Children’s Hospital, Rotterdam, the Netherlands; and Stollery Children’s Hospital, 
Edmonton, AB, Canada) were approached for possible assessment of physical and 
neurocognitive development compared with healthy children who were matched for 
age and sex, and who had never been admitted to a neonatal ICU or a PICU. Assessed 
outcomes comprised anthropometric data; health status; parent/caregiver-reported 
executive functions, and emotional and behavioral problems; and tests for intelligence, 
visual-motor integration, alertness, motor coordination, inhibitory control, cognitive 
ǚĎƻĳĀĳŉĳƖƼ͚΄åœĈ΄őĎőŜƂƼ͟΄¯Ŝ΄åĈĈƂĎƊƊ΄ſåƂƖĳåŉ΄ƂĎƊſŜœƊĎƊ΄åőŜœħ΄ƖĮĎ΄āĮĳŉĈƂĎœ΄ƖĎƊƖĎĈ͚΄ƶĎ΄
did multiple data imputation by chained equations before univariable and multivariable 
linear and logistic regression analyses adjusted for risk factors.

Findings At the 2-years follow-up, 60 (8%) of 717 children who received Late PN and 
63 (9%) of 723 children who received Early PN had died (p=0.81). 68 (9%) of 717 children 
who received Late PN and 91 (13%) of 723 children who received Early PN were too 
disabled for neurocognitive assessment (p=0.059), and 786 patients (395 assigned to 
Late PN and 391 assigned to Early PN) consented for testing. 786 patients and 405 
healthy control children underwent long-term outcomes testing between August 4, 
2014, and January 19, 2018, and were included in the imputation model for subsequent 
őƞŉƖĳƵåƂĳåĀŉĎ΄åœåŉƼƊĎƊ͟΄aåƖĎ΄�k΄ĈĳĈ΄œŜƖ΄åĈƵĎƂƊĎŉƼ΄åǖĎāƖ΄åœƖĮƂŜſŜőĎƖƂĳā΄ĈåƖå͚΄ĮĎåŉƖĮ΄
status, or neurological functioning, and improved parent/caregiver-reported executive 
functioning (Late PN vs Early PN E΄ĎƊƖĳőåƖĎ΄͚ͯ̇̇̊̍͟΄̎̊μ΄�N΄ͯ̉̅̆̇͟΄ƖŜ΄ͯ̅̊̅̉ͤ͟΄ſΨ̅̅̆̆͟ ͚ͭ΄
őŜƂĎ΄ƊſĎāĳǙāåŉŉƼ ĳ́œĮĳĀĳƖĳŜœ΄ͬ ͚ͯ̈̉̇̇͟΄ͯ ̊̆̌̆͟΄ƖŜ΄ͯ ̆̋̌̈ͤ͟΄ſΨ͚̅̅̅̅̆ͭ͟ ΄ƶŜƂņĳœħ΄őĎőŜƂƼ΄ͬ ͚ͯ̇̅̆̋͟΄
ͯ̈̌̋̆͟΄ ƖŜ΄ͯ̅̇̌̅ͤ͟΄ſΨ͚̅̅̇̈ͭ͟΄ åœĈ΄őĎƖåͲāŜħœĳƖĳŜœ΄ ͬͯ̆̎̊͟ ͚̌΄ ͯ̈̋̎̉͟΄ ƖŜ΄ͯ̅̇̇̅ͤ͟΄ſΨ̅̅̇̌ͭ͟͟΄
Externalizing behavioral problems (E΄ĎƊƖĳőåƖĎ΄ͯ̆̌͟ ͚̆̊΄̎̊μ΄�N΄ͯ̈̈̇̊͟΄ƖŜ΄ͯ̅̆̅̋ͤ͟΄ſΨ̅̅̈̋ͭ͟΄
and visual-motor integration (0.468, 0.087 to 0.850; p=0.016) were also improved in 
the Late PN group compared with the Early PN group. After Bonferroni correction for 
őƞŉƖĳſŉĎ΄āŜőſåƂĳƊŜœƊ͚΄ƖĮĎ΄ĎǖĎāƖ΄Ŝœ΄ĳœĮĳĀĳƖŜƂƼ΄āŜœƖƂŜŉ΄ƂĎőåĳœĎĈ΄ƊĳħœĳǙāåœƖ΄ͬſΨ̅̅̅̅̆ͭ͟͟

Interpretation ÎĳƖĮĮŜŉĈĳœħ΄*åƂŉƼ΄�k΄ĦŜƂ΄̆΄ƶĎĎņ΄ĳœ΄ƖĮĎ΄�N�¶΄ĈĳĈ΄œŜƖ΄œĎħåƖĳƵĎŉƼ΄åǖĎāƖ΄
survival, anthropometrics, health status, and neurocognitive development, and 
improved inhibitory control 2 years after PICU admission.
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Neurocognitive functioning 2 years after PICU admission

Introduction

The Pediatric Early versus Late Parenteral Nutrition in Critical Illness (PEPaNIC) 
multicenter, randomized, controlled trial revealed that withholding parenteral nutrition 
(PN) for up to 1 week in the pediatric intensive care unit (PICU), when enteral nutrition 
ͬ*kͭ΄ƶåƊ΄ĳœƊƞǗāĳĎœƖ͚΄ƶåƊ΄āŉĳœĳāåŉŉƼ΄ƊƞſĎƂĳŜƂ΄ƖŜ΄ſƂŜƵĳĈĳœħ΄Ħƞŉŉ΄œƞƖƂĳƖĳŜœ΄ƞſ΄ƖŜ΄āåŉŜƂĳā΄
targets with supplemental PN.18΄NœĈĎĎĈ͚΄œŜƖ΄ħĳƵĳœħ΄�k΄ĈƞƂĳœħ΄ƖĮĎ΄ǙƂƊƖ΄ƶĎĎņ΄ĳœ΄�N�¶΄
and thus, in most patients, accepting low caloric and macronutrient intake reduced 
the incidence of new infections and accelerated recovery.18 Despite these short-
ƖĎƂő΄āŉĳœĳāåŉ΄ĀĎœĎǙƖƊ͚΄āŜœāĎƂœƊ΄ĮåƵĎ΄ĀĎĎœ΄ƂåĳƊĎĈ΄åĀŜƞƖ΄ſŜƖĎœƖĳåŉ΄åĈƵĎƂƊĎ΄ ŉŜœħͲ
term consequences of low caloric and macronutrient intake for the patients’ length, 
bodyweight, head circumference, health status and neurocognitive development.75,166 
To evaluate long-term value for patients, patient-reported outcomes or rather, in 
case of children, parent/caregiver-reported outcomes should also be investigated.167 
Any such adverse patient-centered long-term consequences would discourage 
withholding PN early in the course of pediatric critical illness. Children who have 
been treated in the PICU tend to have adverse long-term developmental and 
neurocognitive outcomes.168΄ Nœ΄ƵĳĎƶ΄ŜĦ΄ ƖĮĎ΄ſŜƖĎœƖĳåŉ΄ĀĎœĎǙƖƊ΄ŜĦ΄ ĦåƊƖĳœħͲĳœĈƞāĎĈ΄
responses for removal of cell damage and prevention of neurodegeneration,169,170 
we hypothesized that withholding PN early during the course of critical illness in 
āĮĳŉĈƂĎœ΄āŜƞŉĈ΄åŉƊŜ΄ĀƂĳœħ΄åĀŜƞƖ΄ĀĎœĎǙāĳåŉ΄ĎǖĎāƖƊ΄ĳœ΄ƖĮĎ΄ŉŜœħ΄ƖĎƂő͚΄ĳœ΄ſåƂƖĳāƞŉåƂ΄ĦŜƂ΄
neurocognitive development.

ÎĎ΄åĳőĎĈ΄ƖŜ΄ĳœƵĎƊƖĳħåƖĎ΄ƶĮĎƖĮĎƂ΄ƶĳƖĮĮŜŉĈĳœħ΄ƊƞſſŉĎőĎœƖåŉ΄�k΄ĈƞƂĳœħ΄ƖĮĎ΄ǙƂƊƖ΄ƶĎĎņ΄
in PICU, rather than giving PN to reach nutritional targets as soon as possible, while 
adequately providing micronutrients, has an impact on survival, health status, and 
anthropometrics, clinically assessed neurological function, and parent/caregiver-
reported and clinically tested neurocognitive outcomes at the 2-year follow-up, 
compared with matched healthy children.

Methods
Study design and participants
This study is the preplanned 2-year follow-up of the PEPaNIC trial, in which 1440 
critically ill children admitted to the participating PICUs (University Hospitals Leuven, 
Belgium; Erasmus-MC Sophia Children’s Hospital, Rotterdam, Netherlands; Stollery 
Children’s Hospital, Edmonton, AB, Canada) had been enrolled between 2012 and 
2015. The full study protocol and acute outcome results have been published.18,129

Parents or legal guardians had provided written informed consent on admission to 
the PICU to contact them for long-term follow-up testing of their child. Survival status 
was determined by assessment of hospital notes, national registers, or contact with 
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the general practitioner or referring pediatrician. All PICU survivors and their parents 
ŜƂ΄āåƂĎħĳƵĎƂƊ΄ƶĎƂĎ΄ǙƂƊƖ΄ƊĎœƖ΄å΄ƊƖåœĈåƂĈĳǆĎĈ΄ſåƖĳĎœƖ΄ĳœĦŜƂőåƖĳŜœ΄ŉĎƖƖĎƂ͟΄¢ƞĀƊĎƁƞĎœƖŉƼ͚΄
they were contacted by phone to obtain consent for scheduling an appointment for 
the medical and neurocognitive assessment. Participating patients (see appendix) 
ƶĎƂĎ΄åƊƊĎƊƊĎĈ΄ĎĳƖĮĎƂ΄åƖ΄ƖĮĎ΄ĮŜƊſĳƖåŉ΄ŜƂ΄åƖ΄ĮŜőĎͤ΄ƖĮĎ΄ŉåƖƖĎƂ΄ƶåƊ΄ŜǖĎƂĎĈ΄ƶĮĎœĎƵĎƂ΄
parents or caregivers considered the burden of coming to the hospital too high. 
Neonates and infants enrolled in the PEPaNIC trial were assessed at the age of 2.5 
years because the youngest appropriate age for parent/caregiver-reported executive 
ĦƞœāƖĳŜœĳœħ΄ͬƶĳƖĮ΄ƖĮĎ΄�ĎĮåƵĳŜƂ΄�åƖĳœħ΄NœƵĎœƖŜƂƼ΄ŜĦ΄*ƻĎāƞƖĳƵĎ΄AƞœāƖĳŜœ΄ͪ��N*Aͫ΄åœĈ΄
a general intelligence test, Wechsler Preschool and Primary Scale of Intelligence 
ͪÎ��¢Nͫͭ΄ĳƊ΄̇̊͟΄ƼĎåƂƊ͟

405 healthy control children were recruited for a medical and neurocognitive 
assessment similar to that of the PEPaNIC patients. These children were 
demographically matched to the patients for age and sex. To control as much as 
possible for genetic, socioeconomic, and environmental background, siblings and 
relatives of the patients were preferably recruited into this control group besides 
unrelated children recruited from the same geographical area. Exclusion criteria for 
the control group were previous admission to a neonatal ICU or a PICU, or hospital 
admission for at least 7 days with need for an intravenous line, history of suspicious 
ŜƂ΄ĎƊƖåĀŉĳƊĮĎĈ΄ĳœĀŜƂœ΄āĮƂŜœĳā΄őĎƖåĀŜŉĳā΄ĈĳƊĎåƊĎƊ΄ƂĎƁƞĳƂĳœħ΄å΄ƊſĎāĳǙā΄ĈĳĎƖ͚΄ƊƞāĮ΄åƊ΄
diabetes, and history of short bowel syndrome on home PN or other conditions that 
require home PN.

Written informed consent was obtained from the parents or legal guardians or 
from the adolescent according to local regulations. The institutional review boards 
at each participating site approved this follow-up study (ML8052; NL49708.078; 
Pro00038098). The protocol is available online.

Procedures, randomization and masking
In the PEPaNIC trial,18 after having obtained consent, children who were admitted 
to the PICU were randomly allocated (1:1) to receive Early PN, which was initiating 
PN within 24 hours of PICU admission to supplement EN whenever 80% of targeted 
calories per age and bodyweight categories was not reached, or Late PN. Late PN 
meant that, for up to 1 week, patients received a mixture of glucose 5% and sodium 
chloride 0.9% without other forms of PN (lipid or protein infusions) being administered, 
corresponding to no PN in the majority of children. After 1 week, for both groups 
equally, PN could be administered if necessary. When EN covered 80% or more 
of calculated targets, supplemental PN was discontinued. Total macronutrient 
ĈŜƊĎƊ΄åĈőĳœĳƊƖĎƂĎĈ΄Ŝœ΄ĎåāĮ΄ŜĦ΄ƖĮĎ΄ǙƂƊƖ΄̌΄ĈåƼƊ΄ĳœ΄�N�¶΄åƂĎ΄ƊĮŜƶœ΄ĳœ΄ƖĮĎ΄åſſĎœĈĳƻ͟΄
EN was initiated early for both groups equally, and all patients received intravenous 
micronutrients until fully enterally fed.
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Outcome assessors were physicians and experienced pediatric psychologists who 
had not been involved in the management of the patients during their stay in the PICU 
and who were strictly blinded for the randomized allocation to either Late PN or Early 
PN. Parents had not been masked during the time the child was treated in the PICU 
and were not actively informed about the initial PEPaNIC study results.

Outcomes
In this 2-year follow-up study, the primary outcomes assessed were growth, physical 
ability, health status, and clinical, neurological, and neurocognitive outcomes. Death 
åœĈ΄ƊĎƵĎƂĎ΄ĈĳƊåĀĳŉĳƖƼ΄ſƂĎāŉƞĈĳœħ΄œĎƞƂŜāŜħœĳƖĳƵĎ΄ƖĎƊƖĳœħ΄ƶĎƂĎ΄å΄ſƂĳŜƂĳ΄ĈĎǙœĎĈ΄åƊ΄ƊåĦĎƖƼ΄
endpoints. Neurocognitive testability was determined by screening of the medical 
ǙŉĎ΄ŜƂ΄āŉĳœĳāåŉ΄ŃƞĈħőĎœƖ͚΄ĀĎĦŜƂĎ΄ƖĮĎ΄ƊƖåƂƖ΄ŜĦ΄ƖĮĎ΄œĎƞƂŜāŜħœĳƖĳƵĎ΄åƊƊĎƊƊőĎœƖ͚΄ĀƼ΄ƖĮĎ΄
ſĮƼƊĳāĳåœ΄ŜƂ΄ſƊƼāĮŜŉŜħĳƊƖ΄åœĈ΄āŜœǙƂőĎĈ΄ĀƼ΄ƖĮĎ΄ſåƂĎœƖƊ΄ŜƂ΄āåƂĎħĳƵĎƂƊ͟

For children who were examined at follow-up, head circumferences, bodyweights, 
and heights were measured. A clinical neurological examination was done to 
assess gross neurological abnormalities. A structured interview with the parents 
or caregivers assessed whether the child had been diagnosed with a somatic or 
psychiatric illness, or had been admitted to a hospital for medical or surgical reasons 
during the preceding 2 years for healthy control children and during the 2 years 
following the index PICU admission for patients.

Validated, internationally recognized questionnaires and clinical tests with adequate 
normative data were used to score performance for a broad range of neurocognitive 
functions.20 Patient-reported outcome questionnaires were completed by parents 
or caregivers. They reported executive functioning in their child with the BRIEF 
preschool version for children aged 2.5-5 years or BRIEF for patients aged 6-18 years. 
tƵĎƂŉåſſĳœħ΄ƊāåŉĎƊ΄ŜĦ΄ĀŜƖĮ΄ƁƞĎƊƖĳŜœœåĳƂĎƊ΄ͬĳœĮĳĀĳƖĳŜœ͚΄ǚĎƻĳĀĳŉĳƖƼ͚΄ĎőŜƖĳŜœåŉ΄āŜœƖƂŜŉ͚΄
working memory, and planning and organization), the overlapping index (meta-
cognition, comprising the scales working memory and planning and organization), 
åœĈ΄ƖĮĎ΄ƖŜƖåŉ΄ƊāŜƂĎ΄ƶĎƂĎ΄ƂĎſŜƂƖĎĈ΄ͬ¯΄ƊāŜƂĎƊ͚΄ƶĳƖĮ΄őĎåœ΄̊̅΄ͪ¢$΄̆̅ͫͭ͟171,172 Parents or 
āåƂĎħĳƵĎƂƊ΄āŜőſŉĎƖĎĈ΄ƖĮĎ΄�ĮĳŉĈ΄�ĎĮåƵĳŜƂ΄�ĮĎāņŉĳƊƖ΄ͬ���a΄̆̊ͯ̊͟΄ƼĎåƂƊ΄ŜƂ΄���a΄̋ͯ̆̍΄
years)173,174 to assess emotional and behavioral problems. Internalizing, externalizing, 
åœĈ΄ƖŜƖåŉ΄ſƂŜĀŉĎőƊ΄ƶĎƂĎ΄åœåŉƼǆĎĈ΄ͬ¯΄ƊāŜƂĎƊ͚΄ƶĳƖĮ΄őĎåœ΄̊̅΄ͪ¢$΄̆̅ͫͭ͟173,174

Clinical tests were used to evaluate neurocognitive functions. General intellectual 
ability was assessed with use of age-appropriate versions of the Wechsler intelligence 
quotient (IQ). WPPSI-III-NL175 was used for children aged between 2.5 years and 5 
years 11 months, the Wechsler Intelligence Scale for Children (WISC-III-NL)176 was 
used for children aged between 6 years and 16 years 11 months, and the Wechsler 
Adult Intelligence Scale (WAIS-IV-NL)177 for adolescents or young adults who were 17 
years or older. For all of these tests, total IQ, verbal IQ, and performance IQ scores (test 
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őĎåœ΄̆̅̅΄ͪ¢$΄̆̊ͫͭ΄ƶĎƂĎ΄āŜőſƞƖĎĈ͟΄¯ĮĎ΄�ĎĎƂƼ΄$ĎƵĎŉŜſőĎœƖåŉ΄¯ĎƊƖ΄ŜĦ΄ÍĳƊƞåŉͯiŜƖŜƂ΄
Integration178 was used for children aged 2.5 years and older to assess the ability to 
ĳœƖĎħƂåƖĎ΄ƵĳƊƞåŉ΄åœĈ΄őŜƖŜƂ΄ĦƞœāƖĳŜœƊ΄ͬƖŜƖåŉ΄ƊāåŉĎĈ΄ƊāŜƂĎ͚΄ƶĳƖĮ΄ƖĎƊƖ΄őĎåœ΄̆̅΄ͪ¢$΄̈ͫͭ͟΄¯ĮĎ΄
validated computerized Amsterdam Neuropsychological Tasks (ANT) program was 
used to measure attention, motor coordination, and executive functions in children 
aged 4 years or older.179 ANT-Baseline Speed was used to evaluate alertness (reaction 
time and SD), ANT-Tapping to assess motor coordination (number of taps), and 
�ĎƊſŜœƊĎ΄tƂħåœĳǆåƖĳŜœ΄tĀŃĎāƖƊ΄ƖŜ΄őĎåƊƞƂĎ΄ĳœĮĳĀĳƖŜƂƼ΄āŜœƖƂŜŉ΄åœĈ΄āŜħœĳƖĳƵĎ΄ǚĎƻĳĀĳŉĳƖƼ΄
ͬĈĳǖĎƂĎœāĎƊ΄ĳœ΄ƂĎåāƖĳŜœ΄ƖĳőĎ΄åœĈ΄ĳœ΄œƞőĀĎƂ΄ŜĦ΄ĎƂƂŜƂƊ΄ĀĎƖƶĎĎœ΄ƖĎƊƖƊ΄ŜĦ΄ ĳœāƂĎåƊĳœħ΄
demand). Memory was assessed with use of 4 tests from the Children’s Memory Scale 
(CMS) for children aged between 5 years and 16 years 11 months.180 CMS-Numbers 
assessed short-term verbal memory span and verbal working memory load (scaled 
ƊāŜƂĎ͚΄ƶĳƖĮ΄ƖĎƊƖ΄őĎåœ΄̆̅΄ͪ¢$΄̈ͫͭ͟΄¯ĮĎ΄�i¢ͲÎŜƂĈ΄�åĳƂƊ΄åƊƊĎƊƊĎĈ΄ƊĮŜƂƖͲƖĎƂő΄åœĈ΄ŉŜœħͲ
term verbal memory, and recognition; CMS-Picture Locations assessed immediate 
visual memory; and CMS-Dot Locations assessed immediate and delayed visual 
memory (proportion of correct responses, ranging from 0 to 1). The CMS-Learning 
ĳœĈĎƻ΄ƂĎſƂĎƊĎœƖƊ΄ŉĎåƂœĳœħ΄åĀĳŉĳƖĳĎƊ΄ŜĦ΄ƖĮĎ΄āĮĳŉĈ΄ͬƊƖåœĈåƂĈ΄ƊāŜƂĎ͚΄ƶĳƖĮ΄őĎåœ΄̆̅̅΄ͪ¢$΄̆̊ͫͭ͟΄
The extended description of the parent/caregiver-reported outcome questionnaires 
and of the clinical and neuropsychological test battery is available in the appendix.

Statistical analysis
After taking into account estimations for the safety endpoints (death and severe 
disability precluding neurocognitive testing), we estimated that about 30% of the 
patients among the critically ill patients who had been included in the PEPaNIC trial 
and who were alive and testable at the 2-year follow-up would be lost to follow-up, 
on the basis of earlier experience.20 We calculated that such a sample size had >80% 
ſŜƶĎƂ΄ƖŜ΄ĈĎƖĎāƖ͚΄ƶĳƖĮ΄å΄āĎƂƖåĳœƖƼ΄ŜĦ΄Ϊ̎̊μ͚΄āŉĳœĳāåŉŉƼ΄ƂĎŉĎƵåœƖ΄ĈĳǖĎƂĎœāĎƊ΄ĀĎƖƶĎĎœ΄ƖĮĎ΄
2 randomization arms, in the same order of magnitude as those we had previously 
documented with blood glucose control in the PICU.20 For the healthy control group, 
we calculated that with a sample size of 405 children, we would be able to detect, with 
å΄ſŜƶĎƂ΄ŜĦ΄Ϊ̍̅μ΄åœĈ΄āĎƂƖåĳœƖƼ΄ŜĦ΄Ϊ̎̊μ͚΄ŜƞƖāŜőĎ΄ĈĳǖĎƂĎœāĎƊ΄ĀĎƖƶĎĎœ΄ſåƖĳĎœƖƊ΄åœĈ΄
healthy children of the same order of magnitude as those previously documented.20

The inability to fully complete any of the neurocognitive tests would introduce bias 
in univariable analyses of these test results, because this in itself might suggest poor 
function. Hence, to correctly address partial responses, multiple data imputation by 
chained equations was required,181 with use of all available data per individual (see 
åſſĎœĈĳƻͭ͟΄AŜƂ΄ƖĎƊƖƊ΄ƵåŉĳĈåƖĎĈ΄ĦŜƂ΄å΄ƊſĎāĳǙā΄åħĎ΄ƂåœħĎ΄ͬåŉĎƂƖœĎƊƊ͚΄őŜƖŜƂ΄āŜŜƂĈĳœåƖĳŜœ͚΄
ĳœĮĳĀĳƖŜƂƼ΄āŜœƖƂŜŉ΄åœĈ΄ǚĎƻĳĀĳŉĳƖƼ΄ ĳœ΄āĮĳŉĈƂĎœ΄åħĎĈ΄̉΄ƼĎåƂƊ΄ŜƂ΄ŜŉĈĎƂ͚΄åœĈ΄őĎőŜƂƼ΄ĳœ΄
children who are between 5 and 16 years old), we imputed data within these age 
ranges only. To avoid bias and instability in this imputation model, the percentage of 
missing data per variable could not exceed 30%181 and to minimize loss of statistical 
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power, the number of iterative imputations was set at 31.181 Comparison of the 
observed and imputed values and the imputation predictor are shown in the appendix.

¯Ŝ΄åœåŉƼǆĎ΄ƖĮĎ΄ĈĳǖĎƂĎœāĎƊ΄ĳœ΄ŜƞƖāŜőĎƊ΄ĀĎƖƶĎĎœ΄�*�åkN�΄ſåƂƖĳāĳſåœƖƊ΄åœĈ΄ĮĎåŉƖĮƼ΄
āŜœƖƂŜŉ΄āĮĳŉĈƂĎœ͚΄åœĈ΄ƖŜ΄ ĳœƵĎƊƖĳħåƖĎ΄ ƖĮĎ΄ ŉŜœħͲƖĎƂő΄ŜƞƖāŜőĎ΄ĈĳǖĎƂĎœāĎƊ΄ĀĎƖƶĎĎœ΄
patients randomly allocated to Late PN or Early PN during PICU stay, we did 
multivariable linear and logistic regression analyses on the 31 imputed datasets with 
the E estimates or odds ratios reported as pooled results, preceded by a pooled 
univariable comparison with use of Fisher’s exact test, Student’s t test, or Wilcoxon 
rank-sum test as appropriate (see appendix). All multivariable analyses were adjusted 
for the following risk factors: age, center, race,182 sex, geographic origin,182 language, 
ĮåœĈ΄ ſƂĎĦĎƂĎœāĎ͚΄ ĮĳƊƖŜƂƼ΄ ŜĦ΄őåŉĳħœåœāƼ͚΄ ĈĳåĀĎƖĎƊ͚΄ å΄ ſƂĎĈĎǙœĎĈ΄ ƊƼœĈƂŜőĎ΄ ͬƊĎĎ΄
appendix), and the educational and occupational status of parents (see appendix). 
For the comparison between Late PN and Early PN groups, further adjustment was 
done for diagnosis and severity of illness (with the Pediatric Index of Mortality 3 and 
pediatric logistic organ dysfunction scores) on PICU admission, risk of malnutrition, 
and parental smoking behavior before PICU admission. We calculated p-values for 
interaction between age group and randomization to assess whether patients who 
ƶĎƂĎ ĳ́œĦåœƖƊ΄ͬåħĎĈ΄Ϋ̆΄ƼĎåƂƊͭ΄åƖ΄ƂåœĈŜőĳǆåƖĳŜœ΄ĀĎĮåƵĎĈ΄ĈĳǖĎƂĎœƖŉƼ΄ĦƂŜő΄ŜŉĈĎƂ΄āĮĳŉĈƂĎœ͟

We did explanatory statistical analyses with further adjustment to investigate whether 
any eventual impact of Late PN versus Early PN on the long-term outcomes might 
ĮåƵĎ΄ĀĎĎœ΄őĎĈĳåƖĎĈ΄ĀƼ΄ĳƖƊ΄åāƞƖĎ΄ĎǖĎāƖƊ΄Ŝœ΄œĎƶ΄�N�¶΄ĳœĦĎāƖĳŜœƊ΄åœĈ΄ĈƞƂåƖĳŜœ΄ŜĦ΄�N�¶΄
stay, and thus possibly indirectly also number of post-randomization hypoglycemic 
events or the duration of post-randomization treatments such as mechanical 
ventilatory support, hemodynamic support, antibiotics, corticosteroids, opioids, 
benzodiazepines, hypnotics, and D2-agonists. Data are presented as E estimates and 
odds ratios with 95% CIs, means and SDs, or numbers and proportions, as appropriate. 
Statistical analyses were done with R version 3.4.3, MICE version 2.46.0, and JMP 
version 13.0.0. Two-sided p-values of 0.05 or less were considered statistically 
ƊĳħœĳǙāåœƖ͟΄�ŜœĦĎƂƂŜœĳ΄āŜƂƂĎāƖĳŜœƊ΄ĦŜƂ΄ƖĮĎ΄őƞŉƖĳſŉĎ΄āŜőſåƂĳƊŜœƊ΄ͬœΨ̉̊ͭ΄ƶĎƂĎ΄ĈŜœĎ΄åƊ΄
a sensitivity analysis, which altered the required level of pͲƵåŉƞĎ΄ĦŜƂ΄ƊĳħœĳǙāåœāĎ΄ƖŜ΄
0.001 or less.
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Results

Figure 1. �tk¢t�¯΄ǚŜƶ΄ĈĳåħƂåő΄ŜĦ΄ƖĮĎ΄ƊƖƞĈƼ΄ſåƂƖĳāĳſåœƖƊ
PN = parenteral nutrition, STRONGkids = Screening Tool for Risk on Nutritional Status and Growth

Of the total patient population (n=1440), 60 (8%) of 717 children in the Late PN group 
and 63 (9%) of 723 children in the Early PN group had died 2 years after admission to 
a PICU (p=0.81; Figure 1). 68 (9%) patients in the Late PN group and 91 (13%) patients 
ĳœ΄ƖĮĎ΄*åƂŉƼ΄�k΄ħƂŜƞſ΄ƶĎƂĎ΄ĳĈĎœƖĳǙĎĈ΄åƊ΄ƖŜŜ΄ĈĳƊåĀŉĎĈ΄ƖŜ΄åƊƊĎƊƊ΄ĦŜƂ΄œĎƞƂŜāŜħœĳƖĳƵĎ΄
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development (p=0.059). 372 (26%) patients survived, but declined participation or 
āŜƞŉĈ΄œŜƖ΄ĀĎ΄ ƂĎåāĮĎĈ͟΄kŜ΄ĈĳǖĎƂĎœāĎƊ΄ ĳœ΄ ƂĎåƊŜœƊ΄ ĦŜƂ΄ ŉŜƊƊ΄ ƖŜ΄ ĦŜŉŉŜƶͲƞſ΄ĀĎƖƶĎĎœ΄
randomization groups were observed (p=0.27). 786 patients (395 assigned to Late 
PN and 391 assigned to Early PN) and 405 healthy controls underwent long-term 
outcome testing between August 4, 2014 and January 19 2018, and were included in 
the imputation model for subsequent multivariable analyses. Of the healthy control 
children, 332 (82%) were assessed at the hospital compared with 502 (64%) PEPaNIC 
children (p<0.001), with similar proportions for the Early PN 458 (64%) and Late PN 
461 (64%) groups being assessed at the hospital (p=0.79). Demographic and medical 
characteristics of PEPaNIC participants and healthy control children are shown in 
Table 1. Patients who were tested at follow-up were overall comparable to the initial 
PEPaNIC study population (Table 1).

Overall, PEPaNIC participants had worse outcomes at the 2-year follow-up for 
height, body weight, and head circumference, for health status, clinically assessed 
neurological functioning, parent/caregiver-reported executive functioning, and 
emotional and behavioral problems, and for clinical tests for intelligence, visual-
motor integration, alertness, and memory than did healthy control children, assessed 
via univariable and via multivariable comparisons (Table 2; Table 3).

Patients in the Late PN group and those in the Early PN group were similar in terms of 
height, bodyweight, body-mass index, and head circumference, and for health status, 
and clinically assessed neurological functioning in univariable and multivariable 
analyses (Table 2, Table 3) However, in the univariable comparisons, patients in the 
Late PN group performed better than did those in the Early PN group on parent/
caregiver-reported inhibitory control, working memory, meta-cognition, and overall 
executive functioning, and on clinical tests for visual-motor integration, verbal-
auditory recognition, and for one motor coordination task (synchronous tapping; 
Table 2). Adjusted for multiple comparisons, the better inhibitory control of patients 
ĳœ΄ƖĮĎ΄aåƖĎ΄�k΄ħƂŜƞſ΄ƖĮåœ΄ƖĮåƖ΄ŜĦ΄ſåƖĳĎœƖƊ΄ĳœ΄ƖĮĎ΄*åƂŉƼ΄�k΄ħƂŜƞſ΄ƂĎőåĳœĎĈ΄ƊĳħœĳǙāåœƖ΄
(p=0.0001). After multivariable adjustment for risk factors, parents/caregivers of 
patients in the Late PN group reported better overall executive functioning than did 
parents/caregivers of patients in the Early PN group (E΄ĎƊƖĳőåƖĎ΄͚ͯ̇̇̊̍͟΄̎̊μ΄�N΄ͯ̉̅̆̇͟΄
ƖŜ΄ͯ̅̊̅̉ͤ͟΄ſΨ͚̅̅̆̆ͭ͟΄őŜƂĎ΄ƊſĎāĳǙāåŉŉƼ΄ĦŜƂ΄ĳœĮĳĀĳƖĳŜœ΄͚ͬͯ̈̉̇̇͟΄ͯ̊̆̌̆͟΄ƖŜ΄ͯ̆̋̌̈ͤ͟΄ſΨ͚̅̅̅̅̆ͭ͟΄
ƶŜƂņĳœħ΄őĎőŜƂƼ΄͚ͬͯ̇̅̆̋͟΄ͯ̈̌͟ ̋̆΄ƖŜ΄ͯ̅̇̌̅ͤ͟΄ſΨ͚̅̅̇̈ͭ͟΄åœĈ΄őĎƖåāŜħœĳƖĳŜœ΄͚ͬͯ̆̎̊̌͟ ΄ͯ̈̋̎̉͟΄
ƖŜ΄ͯ̅̇̇̅ͤ͟΄ſΨ̅̅̇̌ͤ͟΄Table 3; Figure 2). Furthermore, patients in the Late PN group had 
ĦĎƶĎƂ΄ĎƻƖĎƂœåŉĳǆĳœħ΄ĀĎĮåƵĳŜƂåŉ΄ſƂŜĀŉĎőƊ΄ͬͯ̆̌͟ ͚̆̊΄̎̊μ΄�N΄ͯ̈̈̇̊͟΄ƖŜ΄ͯ̅̆̅̋ͤ͟΄ſΨ̅̅̈̋ͭ͟΄åƊ΄
reported by parents/caregivers and scored better on visual-motor integration (0.468, 
0.087 to 0.850; p=0.016) than did patients in the Early PN group (Table 3; appendix).

For overall executive functioning, inhibition, meta-cognition, and externalizing 
problems as reported by parents/caregivers, patients in the Late PN group were 

4
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œŜƖ΄ĈĳǖĎƂĎœƖ΄ĦƂŜő΄ĮĎåŉƖĮƼ΄āŜœƖƂŜŉ΄āĮĳŉĈƂĎœ΄ͬpͲƵåŉƞĎƊ΄ŜĦ΄ά̅̆̇ͤ͟΄åſſĎœĈĳƻͭ͟΄�ĦƖĎƂ΄ĦƞƂƖĮĎƂ΄
correction for multiple comparisons, the better inhibitory control of patients in the Late 
�k΄ħƂŜƞſ΄ƖĮåœ΄ŜĦ΄ƖĮŜƊĎ ĳ́œ΄ƖĮĎ΄*åƂŉƼ΄�k΄ħƂŜƞſ΄ƂĎőåĳœĎĈ΄ƊĳħœĳǙāåœƖ΄ͬſΨ̅̅̅̅̆ͤ͟΄Table 3). 
Sensitivity analyses for the missing-at-random assumption and with imputing worst 
test scores for the severely disabled and thus non-testable children, as presented in 
the appendix, further supported the robustness of these results.

¯ĮĎ΄ĎǖĎāƖƊ΄ŜĦ΄aåƖĎ΄�k΄ƵĎƂƊƞƊ΄*åƂŉƼ΄�k΄ƶĎƂĎ΄őŜƂĎ΄ſƂŜœŜƞœāĎĈ΄ĳœ΄ƖĮĎ΄ƊƞĀħƂŜƞſ΄ŜĦ΄
patients who were infants at randomization than in older children (interaction p-values 
ŜĦ΄έ͙̅̅̈ͭ͟΄E estimates for Late PN versus Early PN among infants for parent/caregiver-
reported overall executive functioning (-3.843, 95% CI -6.361 to -1.325; p=0.0029), 
meta-cognition (-3.749, -6.244 to -1.254; p=0.0034), and working memory (-3.594, 
-6.052 to -1.135; p=0.0043; appendix).

The impact of Late PN versus Early PN on long-term outcomes did not appear to be 
őĎĈĳåƖĎĈ΄ĀƼ΄ĳƖƊ΄åāƞƖĎ΄ĎǖĎāƖƊ΄Ŝœ΄œĎƶ΄�N�¶΄ĳœĦĎāƖĳŜœƊ͚΄ĈƞƂåƖĳŜœ΄ŜĦ΄�N�¶΄ƊƖåƼ͚΄ĎƻſŜƊƞƂĎ΄
to hypoglycemia, or duration of potentially hazardous post-randomization treatments 
during the PICU stay (appendix). The use of benzodiazepines and of corticosteroids 
was independently associated with poorer outcomes, whereas treatment with D2 
agonists was associated with better overall executive functioning and visual-motor 
integration (appendix).

Table 1. Demographics of patients and healthy control children, post-randomization treatments in the PICU, 
and acute outcomes

Tested populationa Total PEPaNIC 
population

Tested PEPaNIC 
populationb

Healthy 
control 
children
ͬœΨ̉̅̊ͭ

PEPaNIC 
patients
ͬœΨ̌̍̋ͭ

Early PN

ͬœΨ̌̇̈ͭ

Late PN

ͬœΨ̌̆̎ͭ

Early PN

ͬœΨ̈̎̆ͭ

Late PN

ͬœΨ̈̎̊ͭ

Demographic

Age at 2-year follow-up - 
years

6.0 (4.7) 5.7 (4.5) NA NA 5.7 (4.4) 5.6 (4.5)

Sex

Female 186 (46%) 331 (42%) 331 (42%) 305 (43%) 161 (41%) 170 (43%)

Male 219 (54%) 455 (58%) 415 (57%) 412 (57%) 230 (59%) 225 (57%)

Known non-white racec 33 (8%) 63 (8%) 50 (7%) 33 (5%) 38 (10%) 25 (6%)

Known non-European originc 54 (13%) 152 (19%) 161 (22%) 128 (18%) 88 (23%) 64 (16%)

Known not exclusive Dutch or 
English language

76 (19%5) 184 (23%) 122 (17%) 106 (15%) 95 (24%) 89 (23%)

Socioeconomic status

Parentd educational level 1 13 (3%) 37 (5%) NA NA 12 (3%) 25 (6%)

Parentd educational level 1.5 23 (6%) 54 (7%) NA NA 28 (7%) 26 (7%)
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Table 1. Demographics of patients and healthy control children, post-randomization treatments in the PICU, 
and acute outcomes

Tested populationa Total PEPaNIC 
population

Tested PEPaNIC 
populationb

Healthy 
control 
children
ͬœΨ̉̅̊ͭ

PEPaNIC 
patients
ͬœΨ̌̍̋ͭ

Early PN

ͬœΨ̌̇̈ͭ

Late PN

ͬœΨ̌̆̎ͭ

Early PN

ͬœΨ̈̎̆ͭ

Late PN

ͬœΨ̈̎̊ͭ

Parentd educational level 2 55 (14%) 184 (23%) NA NA 96 (25%) 88 (22%)

Parentd educational level 
2.5

76 (19%) 131 (17%) NA NA 60 (15%) 71 (18%)

Parentd educational level 3 215 (53%) 200 (26%) NA NA 100 (26%) 100 (25%)

Parentd educational level 
unknown

23 (6%) 180 (23%) NA NA 95 (24%) 85 (22%)

Parente occupational level 1 2 (<1%) 10 (1%) NA NA 2 (<1%) 8 (2%)

Parente occupational level 
1.5

25 (6%) 76 (10%) NA NA 33 (8%) 43 (11%)

Parente occupational level 2 47 (12%) 127 (16%) NA NA 61 (16%) 66 (17%)

Parente occupational level 
2.5

26 (6%) 77 (10%) NA NA 44 (11%) 33 (8%)

Parente occupational level 3 83 (21%) 121 (15%) NA NA 54 (14%) 67 (17%)

Parente occupational level 
3.5

40 (10%) 54 (7%) NA NA 32 (8%) 22 (6%)

Parente occupational level 4 116 (29%) 108 (14%) NA NA 53 (14%) 55 (14%)

Parente occupational level 
unknown

66 (16%) 213 (27%) NA NA 112 (29%) 101 (26%)

Infant (age<1y) at 
randomization

NA 363 (46%) 328 (45%) 325 (45%) 177 (45%) 186 (47%)

STRONGkids risk levelf

Medium NA 707 (90%) 644 (89%) 644 (90%) 351 (90%) 356 (90%)

High NA 79 (10%) 79 (11%) 73 (10%) 40 (10%) 39 (10%)

�Ďat$΄ƊāŜƂĎ͚΄ǙƂƊƖ΄̇̉Į΄ĳœ΄�N�¶g NA 20.0 (11.6) 19.7 (12.0) 20.1 (12.3) 20.0 (11.6) 20.0 (11.5)

PIM3 scoreh NA ͯ̈̊͟΄ͬ̆̉ͭ͟ ͯ̈̇͟΄ͬ̆̋ͭ͟ ͯ̈̇͟΄ͬ̆̌ͭ͟ ΄ͯ̈̉͟΄ͬ̆̉ͭ͟ ͯ̈̊͟΄ͬ̆̈ͭ͟

PIM3 probability of death, %h NA 6.7 (11.8) 9.4 (15.9) 9.1 (17.4) 6.8 (12.0) 6.5 (11.6)

Diagnostic category

Surgical: abdominal NA 70 (9%) 53 (7%) 60 (8%) 34 (9%) 36 (9%)

Surgical: burns NA 2 (<1%) 5 (<1%) 5 (<1%) 1 (<1%) 1 (<1%)

Surgical: cardiac NA 339 (43%) 279 (39%) 268 (37%) 173 (44%) 166 (42%)

Surgical: neurosurgery or 
traumatic brain injury

NA 71 (9%) 63 (9%) 53 (7%) 39 (10%) 32 (8%)

Surgical: thoracic NA 42 (5%) 34 (5%) 27 (4%) 23 (6%) 19 (5%)

Surgical: transplantation NA 14 (2%) 7 (1%) 17 (2%) 4 (1%) 10 (3%)

Surgical: orthopedic 
surgery or trauma

NA 23 (3%) 28 (4%) 26 (4%) 14 (4%) 9 (2%)

Surgical: other NA 27 (3%) 21 (3%) 27 (4%) 10 (3%) 17 (4%)

Medical: cardiac NA 26 (3%) 30 (4%) 31 (4%) 10 (3%) 16 (4%)

4

José_Proefschrift.indd   97José_Proefschrift.indd   97 28/10/2020   16:25:5628/10/2020   16:25:56



98

Chapter 4

Table 1. Demographics of patients and healthy control children, post-randomization treatments in the PICU, 
and acute outcomes

Tested populationa Total PEPaNIC 
population

Tested PEPaNIC 
populationb

Healthy 
control 
children
ͬœΨ̉̅̊ͭ

PEPaNIC 
patients
ͬœΨ̌̍̋ͭ

Early PN

ͬœΨ̌̇̈ͭ

Late PN

ͬœΨ̌̆̎ͭ

Early PN

ͬœΨ̈̎̆ͭ

Late PN

ͬœΨ̈̎̊ͭ

Medical: gastrointestinal or 
hepatic

NA 3 (<1%) 2 (<1%) 4 (<1%) 1 (<1%) 2 (<1%)

Medical: oncologic or 
hematologic

NA 8 (1%) 8 (1%) 7 (1%) 5 (1%) 3 (<1%)

Medical: neurologic NA 44 (6%) 51 (7%) 52 (7%) 21 (5%) 23 (6%)

Medical: renal NA 0 (0%) 1 (<1%) 1 (<1%) 0 (0%) 0 (0%)

Medical: respiratory NA 83 (11%) 99 (14%) 96 (13%) 38 (10%) 45 (11%)

Medical: other NA 34 (4%) 42 (6%) 43 (6%) 18 (5%) 16 (4%)

Malignancy 0 (0.0) 42 (5%) 51 (7%) 33 (5%) 26 (7%) 16 (4%)

Diabetes 0 (0.0) 1 (<1%) 3 (<1%) 0 (0%) 1 (<1%) 0 (0%)

Syndromei 5 (1.2) 79 (10%) 123 (17%) 118 (16%) 34 (9%) 45 (11%)

Known parental smoking 
between birth and PICU 
admission

NA 149 (19%) NA NA 72 (18%) 77 (20%)

�āƞƖĎ΄ĎǖĎāƖ΄ŜĦ΄ƂåœĈŜőĳǆåƖĳŜœ΄åœĈ΄ſŜƊƖͲƂåœĈŜőĳǆåƖĳŜœ΄ƖƂĎåƖőĎœƖ΄ĳœ΄�N�¶

Duration of stay in the PICU 
- days

NA 7.4 (15.1) 9.2 (21.3) 6.5 (10.0) 8.4 (18.4) 6.4 (10.8)

Patients who acquired a new 
infection in PICU

NA 105 (13%) 134 (19%) 77 (11%) 66 (17%) 39 (10%)

Duration of mechanical 
ventilatory support - days

NA 4.7 (11.0) 6.4 (18.6) 4.4 (7.3) 5.5 (13.9) 3.9 (7.1)

No. of days with hypoglycemia 
<40mg/dl - days

NA 0.1 (0.5) 0.1 (0.6) 0.2 (0.6) 0.1 (0.5) 0.2 (0.6)

Duration of antibiotic 
treatment - days

NA 5.1 (13.4) 6.7 (19.0) 4.6 (8.7) 5.8 (16.4) 4.3 (9.5)

Duration of hemodynamic 
support - days

NA 2.5 (7.2) 3.0 (7.4) 2.4 (6.2) 2.6 (7.6) 2.3 (6.8)

Duration of treatment with 
opioids - days

NA 4.7 (8.8) 6.1 (16.5) 4.1 (6.2) 5.4 (10.8) 4.1 (6.2)

Duration of treatment with 
benzodiazepines - days

NA 4.2 (9.8) 5.4 (16.7) 4.0 (8.8) 4.5 (9.9) 3.9 (9.7)

Duration of treatment with 
hypnotics - days

NA 1.4 (5.6) 1.8 (6.3) 1.3 (3.1) 1.6 (7.4)  1.2 (2.9)

Duration of treatment with 
D2-agonists - days

NA 1.0 (6.4) 1.1 (8.7) 1.0 (6.0)  0.9 (5.9) 1.1 (6.8)
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Table 1. Demographics of patients and healthy control children, post-randomization treatments in the PICU, 
and acute outcomes

Tested populationa Total PEPaNIC 
population

Tested PEPaNIC 
populationb

Healthy 
control 
children
ͬœΨ̉̅̊ͭ

PEPaNIC 
patients
ͬœΨ̌̍̋ͭ

Early PN

ͬœΨ̌̇̈ͭ

Late PN

ͬœΨ̌̆̎ͭ

Early PN

ͬœΨ̈̎̆ͭ

Late PN

ͬœΨ̈̎̊ͭ

Duration of treatment with 
corticosteroids) - days

NA 1.2 (3.7) 1.6 (4.3) 1.3 (3.9) 1.3 (4.2) 1.0 (3.1)

Data are mean (SD) or n (%). BMI=body mass index; NA=not applicable (values only known when the 
patients were seen at follow-up, or not applicable for healthy control children); PeLOD = Pediatric Logistic 
Organ Dysfunction score; PICU = pediatric intensive care unit; PIM3 = Pediatric Index of Mortality 3 score; 
PN = parenteral nutrition; SEM = standard error of the mean.
a 708 (59%) of 1191 participating children were tested in Belgium, 463 (39%) in the Netherlands, and 20 (2%) 
in Canada.
Ā΄kŜ΄ĈĳǖĎƂĎœāĎƊ΄ĳœ΄ĈĎőŜħƂåſĮĳāƊ͚΄åŉŉŜāåƖĳŜœ΄ƖŜ΄aåƖĎ΄ŜƂ΄*åƂŉƼ΄�k͚΄åœĈ΄�N�¶Ͳ΄ŜƂ΄ĮŜƊſĳƖåŉͲƂĎŉåƖĎĈ΄ſƂĳőåƂƼ΄åœĈ΄
secondary study endpoints were observed between the PEPaNIC patients who were tested and those who 
survived, but declined participation or could not be reached (n=372; all p>0.15).
ā΄ �åƂƖĳāĳſåœƖƊ΄ƶĎƂĎ΄ āŉåƊƊĳǙĎĈ΄ åāāŜƂĈĳœħ΄ ƖŜ΄ ƂåāĎ΄ åœĈ΄ ħĎŜħƂåſĮĳāåŉ΄ ŜƂĳħĳœ΄ ĀƼ΄ ƖĮĎ΄ ĳœƵĎƊƖĳħåƖŜƂƊ͟΄ ¯ĮĎƊĎ΄
āŉåƊƊĳǙāåƖĳŜœƊ΄ƶĎƂĎ΄ſĎƂĦŜƂőĎĈ΄ƖŜ΄āåſƖƞƂĎ΄ĎƖĮœĳāåŉ΄åœĈ΄ƂĎħĳŜœåŉ΄ĈĳǖĎƂĎœāĎƊ ĳ́œ΄ƖĮĎ΄ĦƂĎƁƞĎœāƼ΄ŜĦ΄āŜœƊåœħƞĳœĳƖƼ͚΄
ƶĮĳāĮ΄őåƼ΄åĈƵĎƂƊĎŉƼ΄åǖĎāƖ΄āŜħœĳƖĳƵĎ΄ſĎƂĦŜƂőåœāĎ͟
d The education level is the mean of the paternal and maternal educational level, and calculated on the 
basis of the 3-point scale (1=low, 2=middle, 3-high; appendix) subdivisions as made by the Algemene Directie 
Statistiek (Belgium) and the Centraal Bureau voor de Statistiek (The Netherlands).
e The occupation level is the mean of the paternal and maternal occupation level, which is calculated on 
the basis of the International Isco System 4-point scale for professions (appendix).
f STRONGkids scores range from 0 to 5, with a score of 0 indicating a low risk of malnutrition, a score of 1 to 
3 indicating medium risk, and a score of 4 to 5 indicating high risk.
g PeLOD scores range from 0 to 71, with higher scores indicating more severe illness.
h PIM3 probability of death, ranging from 0-100% with high percentage indicating a higher probability of 
death in PICU.
ĳ΄�΄ſƂĎƂåœĈŜőĳǆåƖĳŜœ΄ƊƼœĈƂŜőĎ΄ŜƂ΄ĳŉŉœĎƊƊ΄å΄ſƂĳŜƂĳ΄ĈĎǙœĎĈ΄åƊ΄åǖĎāƖĳœħ΄ŜƂ΄ſŜƊƊĳĀŉƼ΄åǖĎāƖĳœħ΄œĎƞƂŜāŜħœĳƖĳƵĎ΄
development (appendix).
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Figure 2. Density estimates for inhibitory function as reported by parents or caregivers
Each line corresponds to an imputed dataset. Densities, which correspond to the proportions of children 
with a certain score (equivalent to a smoothed histogram), are shown separately for healthy control children 
and for pediatric early versus late parenteral nutrition in critical illness (PEPaNIC) participants who had been 
ƂåœĈŜőŉƼ΄åƊƊĳħœĎĈ΄ƖŜ΄ƂĎāĎĳƵĎ΄ŉåƖĎ΄ſåƂĎœƖĎƂåŉ΄œƞƖƂĳƖĳŜœ΄ͬ œŜ΄ſåƂĎœƖĎƂåŉ΄œƞƖƂĳƖĳŜœ ĳ́œ΄ƖĮĎ΄ǙƂƊƖ΄ƶĎĎņ΄åĦƖĎƂ΄åĈőĳƊƊĳŜœ΄
ƖŜ΄å΄ſĎĈĳåƖƂĳā΄ĳœƖĎœƊĳƵĎ΄āåƂĎ΄ƞœĳƖ΄ͪ�N�¶ͫͭ΄ŜƂ΄ĎåƂŉƼ΄ſåƂĎœƖĎƂåŉ΄œƞƖƂĳƖĳŜœ΄ͬƶĳƖĮĳœ΄̇̉΄Į΄åĦƖĎƂ΄�N�¶΄åĈőĳƊƊĳŜœ΄ƶĮĎœ΄
ĎœƖĎƂåŉ΄œƞƖƂĳƖĳŜœ΄åŉŜœĎ΄ƶåƊ΄ĳœƊƞǗāĳĎœƖͭ͟΄IĳħĮĎƂ΄ƊāŜƂĎƊ΄ĳœĈĳāåƖĎ΄ƶŜƂƊĎ΄ĦƞœāƖĳŜœĳœħ͟

Discussion

Two years after inclusion in the PEPaNIC multicenter, randomized, controlled trial, 
PICU survivors had worse developmental outcomes than did healthy control children. 
IŜƶĎƵĎƂ͚΄œŜ΄åĈƵĎƂƊĎ΄ĎǖĎāƖ΄ŜĦ΄ƶĳƖĮĮŜŉĈĳœħ΄�k΄ĈƞƂĳœħ΄ ƖĮĎ΄ǙƂƊƖ΄ƶĎĎņ΄ ĳœ΄ ƖĮĎ΄�N�¶΄
could be detected for survival, anthropometrics health status, and neurocognitive 
development. In fact, omitting Early PN in the PICU improved parent/caregiver-
reported executive functioning 2 years later compared with Early PN, in particular 
resulting in a better inhibitory control. Moreover, of the patients who survived, fewer 
were too disabled to be tested in the Late PN group than in the Early PN group.

The long-term legacy of problems in executive functioning, as reported in this 
article by parents or caregivers of patients admitted to the PICU, has been described 
previously, although mostly limited to the results of clinical neurocognitive testing.20,90
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ǻœ
Ĉ΄
ĀĎ
Ɩƶ
ĎĎ
œ
áå
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Ɗǻ
œĈ
Į́Ď
åŉ
ƖĮ
Ƽā́
Ŝœ
ƖƂŜ
ŉā́
Įĳ
ŉĈ
ƂĎ
œ
ǻœ
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Neurocognitive functioning 2 years after PICU admission
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Chapter 4
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Neurocognitive functioning 2 years after PICU admission

Executive dysfunction comprises problems in complex decision making and goal-
oriented behavior with implications for daily life183 and has been associated with 
externalizing problems such as antisocial and aggressive behaviour.171,184 Indeed, poor 
inhibitory control in children is known to contribute to impulsive and destructive 
behaviors that upset or harm others.184΄ IĎœāĎ͚΄ ƖĮĎ΄ ſŜƊƊĳĀŉĎ΄ ĀĎœĎǙāĳåŉ΄ ĎǖĎāƖƊ΄
of delaying PN in pediatric critical illness on the longer-term parent/caregiver-
reported inhibitory function, further supported by better scores for other executive 
functions, externalizing behavior, and visual-motor integration (comparisons that lost 
ƊĳħœĳǙāåœāĎ΄åĦƖĎƂ΄�ŜœĦĎƂƂŜœĳ΄āŜƂƂĎāƖĳŜœ͚ͭ΄åƂĎ΄ƂĎŉĎƵåœƖ͟΄NœĈĎĎĈ͚΄ƖĮĎ΄āŜœƊĎƁƞĎœāĎƊ΄ĦŜƂ΄
ĈåĳŉƼ΄ŉĳĦĎ΄åœĈ΄ĦŜƂ΄ƖĮĎ΄ƊŜāĳåŉ΄ĎœƵĳƂŜœőĎœƖ΄åƂĎ΄ŜƖĮĎƂƶĳƊĎ΄ĈĳǗāƞŉƖ΄ƖŜ΄ƁƞåœƖĳĦƼ΄ĀƼ΄ĎƻĳƊƖĳœħ΄
clinical neurocognitive tests.

The most robust protection of executive functioning of delayed PN was observed 
for the ability to suppress immediate responses, as measured by the parent/
āåƂĎħĳƵĎƂͲƂĎſŜƂƖĎĈ΄ĳœĮĳĀĳƖĳŜœ΄ƊāŜƂĎͤ΄ƖĮĳƊ΄ǙœĈĳœħ΄ƊƞħħĎƊƖƊ΄ſŜƖĎœƖĳåŉ΄ĈåőåħĎ΄ĳœĈƞāĎĈ΄
by Early PN to frontal lobe areas that coordinate inhibition.185 The frontal lobe 
appears to be particularly vulnerable to metabolic insults during critical illness, with 
ĳœǚåőőåƖĳŜœ΄åœĈ΄œĎƞƂŜœåŉ΄ĈåőåħĎ΄ĈĎƊāƂĳĀĎĈ͚΄ƶĮĳāĮ΄āåœ΄ĀĎ΄ſåƂƖĳåŉŉƼ΄ſƂĎƵĎœƖĎĈ΄ĀƼ΄
avoiding excessive hyperglycaemia.186 A previous randomized, controlled trial20 that 
documented the long-term neurocognitive impact of preventing hyperglycemia in 
the PICU also found some improvement of executive functioning. We speculate that 
harm induced by Early PN to executive functioning might also be a direct metabolic 
insult on the developing brains of young children, because it was not statistically 
ĎƻſŉåĳœĎĈ΄ĀƼ΄ƖĮĎ΄åāƞƖĎ΄ĎǖĎāƖƊ΄ŜĦ΄ƖĮĎ ĳ́œƖĎƂƵĎœƖĳŜœ͚΄ƊƞāĮ΄åƊ ĳ́œāƂĎåƊĎĈ ĳ́œāĳĈĎœāĎ΄ŜĦ΄œĎƶ΄
infections or delayed recovery, or by other potentially hazardous post-randomization 
treatments given during the PICU stay, such as use of benzodiazepines. The larger 
ĀĎœĎǙƖ΄ŜĀƊĎƂƵĎĈ΄ĦŜƂ΄āƂĳƖĳāåŉŉƼ΄ĳŉŉ΄ĳœĦåœƖƊ΄ƖĮåœ΄ĦŜƂ΄ŜŉĈĎƂ΄āĮĳŉĈƂĎœ΄ſƂŜƵĳĈĎƊ΄ƊƞſſŜƂƖ΄ĦŜƂ΄
this speculation. Whether other periods of age or development, such as puberty, also 
represent special vulnerability remains to be investigated.

¶œŉĳņĎ΄ŜƞƂ΄āƞƂƂĎœƖ΄ǙœĈĳœħƊ΄ĳœ΄ſåƖĳĎœƖƊ΄åĈőĳƖƖĎĈ΄ƖŜ΄ƖĮĎ΄�N�¶΄ĎåƂŉƼ΄ĳœ΄ŉĳĦĎ͚΄ƊƖƞĈĳĎƊ΄ĳœ΄
ŜƖĮĎƂ΄ſĎĈĳåƖƂĳā΄ƊĎƖƖĳœħƊ΄åœĈ΄ŜƖĮĎƂƶĳƊĎ΄ĮĎåŉƖĮƼ΄āĮĳŉĈƂĎœ΄ĮåƵĎ΄ƊĮŜƶœ΄ƖĮåƖ΄ĳœƊƞǗāĳĎœƖ΄
rather than abundant nutritional intake, both prenatally and during childhood, can 
result in impaired growth and neurocognitive development.84,187΄̄ ĮĎƊĎ΄ĈĳǖĎƂĳœħ΄ƂĎƊƞŉƖƊ΄
āŜƞŉĈ΄ĀĎ΄ĎƻſŉåĳœĎĈ΄ĀƼ΄ƖĮĎ΄āŜœƖĎƻƖ͟΄NœĈĎĎĈ͚΄ƊſĎāĳǙāåŉŉƼ ĳ́œ΄ƖĮĎ΄āŜœƖĎƻƖ΄ŜĦ΄āƂĳƖĳāåŉ ĳ́ŉŉœĎƊƊ͚΄
ĦåƊƖĳœħͲĳœĈƞāĎĈ΄ƂĎƊſŜœƊĎƊ΄ĀƂŜƞħĮƖ΄åĀŜƞƖ΄ĈƞƂĳœħ΄ƖĮĎ΄ǙƂƊƖ΄ĈåƼƊ΄åĦƖĎƂ΄åœ΄ĳœƊƞŉƖ΄őĳħĮƖ΄
ħĎœĎƂåƖĎ΄ĀĎœĎǙāĳåŉ΄ĎǖĎāƖƊ΄ƖĮƂŜƞħĮ΄ͬåƞƖŜſĮåħƼͲĳœĈƞāĎĈͭ΄āĎŉŉ΄ĈåőåħĎ΄ƂĎőŜƵåŉ΄åœĈ΄
prevention of neuronal loss.132,186 The early administration of amino acids, the most 
powerful suppressors of autophagy,132 rather than glucose or lipids was found to 
explain the short-term harm by Early PN in critically ill children.70 However, the exact 
ƞœĈĎƂŉƼĳœħ΄őĎāĮåœĳƊőƊ΄ŜĦ΄åœƼ΄ŉŜœħͲƖĎƂő΄ĎǖĎāƖ΄ŜĦ΄œŜƖ΄ĦŜƂāĎĦƞŉŉƼ΄ĦĎĎĈĳœħ΄ſåƖĳĎœƖƊ΄
early during critical illness remain speculative. Among others, alterations in DNA 
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methylation in promoters or bodies of genes involved in neuronal growth, axonal 
guidance, and signal transduction could play a part,188 since such epigenetic changes 
have been previously associated with executive dysfunction.183 Moreover, the potential 
involvement of telomere shortening, which has been shown to be accelerated by 
early initiation of PN during pediatric critical illness, should be further investigated.126

This study has limitations. First, the young age of PEPaNIC patients precluded 
complete and reliable results for certain neurocognitive tests. For these tests, the 
ƊƖåƖĳƊƖĳāåŉ΄ſŜƶĎƂ΄åœĈ΄ƖĮƞƊ΄ƖĮĎ΄ŜĈĈƊ΄ŜĦ΄ ĳĈĎœƖĳĦƼĳœħ΄å΄ĈĳǖĎƂĎœāĎ΄ĀĎƖƶĎĎœ΄ƖƂĎåƖőĎœƖ΄
groups was reduced. Second, neuroimaging studies were not done. Third, information 
on physiotherapy in the PICU and on the regular ward (i.e., after PICU but before 
hospital discharge) was not recorded. Fourth, data on follow-up consultations and 
therapies beyond the study protocol were not systematically available for all centers 
and all diagnostic subgroups. Fifth, after conservative Bonferroni correction, only the 
impact of withholding PN early in the PICU on long-term inhibitory control remained 
ƊĳħœĳǙāåœƖ͟΄IŜƶĎƵĎƂ͚ ΄ħĳƵĎœ΄ƖĮåƖ ĳ́œĮĳĀĳƖĳŜœ ĳ́Ɗ΄åœ ĳ́őſŜƂƖåœƖ΄āŜħœĳƖĳƵĎ΄ĦƞœāƖĳŜœ ĳ́œƵŜŉƵĎĈ ĳ́œ΄
őåœƼ΄åƊſĎāƖƊ΄ŜĦ΄ĈåĳŉƼ΄ŉĳĦĎ͚΄åœĈ΄ħĳƵĎœ΄ƖĮĎ΄åĀƊĎœāĎ΄ŜĦ΄åœƼ΄ĮåƂő͚΄ƖĮĳƊ΄ǙœĈĳœħ΄ĳƊ΄ƂĎŉĎƵåœƖ΄
for endorsing implementation of withholding Early PN in the PICU.

Conclusions
Patients admitted to the PICU early in life had worse outcomes at the 2-year follow-up 
for anthropometrics, health status, and neurocognitive development than did healthy 
control children. Withholding Early PN for 1 week in the PICU did not negatively 
åǖĎāƖ΄ƊƞƂƵĳƵåŉ͚΄åœƖĮƂŜſŜőĎƖƂĳāƊ͚΄ĮĎåŉƖĮ΄ƊƖåƖƞƊ΄åœĈ΄œĎƞƂŜāŜħœĳƖĳƵĎ΄ĈĎƵĎŉŜſőĎœƖ͚΄åœĈ΄
improved inhibitory control 2 years later.
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Appendix Chapter 4
iĉƍĩŗăƄͩ¡˶̿ͩ$ĉǏŎĮƍĮŗŎͩŗġͩĉăƕüàƍĮŗŎàńͩàŎăͩŗüüƕŹàƍĮŗŎàńͩńĉƬĉńͩŗġͩŹàżĉŎƍƄ

Educational level of parents
The education level is the average of the paternal and maternal educational 
level, and calculated based upon the 3-point scale subdivisions as made by the 
Algemene Directie Statistiek (Belgium; statbel.fgov.be/nl/) and the Centraal Bureau 
voor de Statistiek (The Netherlands; statline.cbs.nl): low (=1), middle (=2) and high (=3) 
educational level.

Occupational level of parents
The occupation level is the average of the paternal and maternal occupation level, 
which is calculated based upon the International Isco System 4-point scale for 
professions (http://www.ilo.org/public/english/bureau/stat/isco/). In case one of 
ƖĮĎ΄ſåƂĎœƖƊ΄ǙŉŉĎĈ΄ĳœ΄ƖƶŜ΄ŃŜĀƊ΄ĳœ΄ƖĮĎ΄ƁƞĎƊƖĳŜœœåĳƂĎ͚΄ƖĮĎ΄ĮĳħĮĎƊƖ΄NƊāŜ΄āŜĈĎ΄ŉĎƵĎŉ΄ƶåƊ΄
ƞƊĎĈ͟΄Nœ΄āåƊĎ΄ͺƞœĎőſŉŜƼĎĈͻ͚ ΄ͺĈĳƊåĀŉĎĈͻ͚ ΄ͺƊƖƞĈĎœƖͻ͚ ΄ŜƂ΄ͺĮŜƞƊĎƶĳĦĎͥĮŜƞƊĎőåœͻ΄ƶåƊ΄ǙŉŉĎĈ΄
in, an Isco code level of 1 was given to that parent. When the parents described their 
profession as “employee”, “worker”, “liberal profession”, or “retired”, they were given 
an Isco code level of 2.

iĉƍĩŗăƄͩ¡˷̿ͩ$ĉǏŎĮƍĮŗŎͩŗġͩ͟¡ƳŎăżŗŌĉ͠
�΄ſƂĎƂåœĈŜőĳǆåƖĳŜœ΄ƊƼœĈƂŜőĎ΄ŜƂ΄ ĳŉŉœĎƊƊ΄å΄ſƂĳŜƂĳ΄ĈĎǙœĎĈ΄åƊ΄åǖĎāƖĳœħ΄ŜƂ΄ſŜƊƊĳĀŉƼ΄
åǖĎāƖĳœħ΄œĎƞƂŜāŜħœĳƖĳƵĎ΄ĈĎƵĎŉŜſőĎœƖ͚΄åœĈ΄ƶĮĳāĮ΄ ĳƊ΄ƊƞĀĈĳƵĳĈĎĈ΄ ĳœ΄ ƖĮĎ΄ ĦŜŉŉŜƶĳœħ΄
categories:

• BĎœĎƖĳāåŉŉƼ΄āŜœǙƂőĎĈ΄ƊƼœĈƂŜőĎ΄ŜƂ΄ſåƖĮŜħĎœĳā΄āĮƂŜőŜƊŜőåŉ΄åĀœŜƂőåŉĳƖƼ
• �ŉĎåƂŉƼ΄ĈĎǙœĎĈ΄ƊƼœĈƂŜőĎ͚΄åƊƊŜāĳåƖĳŜœ΄ŜƂ΄őåŉĦŜƂőåƖĳŜœ΄ƶĳƖĮŜƞƖ΄ͬĳĈĎœƖĳǙĎĈͭ΄

genetic aberration
• Polymalformative syndrome of unknown etiology
• �ŉĎåƂ΄åƞĈĳƖŜƂƼ΄ŜƂ΄ƵĳƊƞåŉ΄ĳőſåĳƂőĎœƖ΄ƶĳƖĮŜƞƖ΄ƊſĎāĳǙĎĈ΄ƊƼœĈƂŜőĎ
• Congenital hypothyroidism due to thyroid agenesis
• Brain tumor or tumor with intracranial metastatic disease
• Pedopsychiatric disorder (e.g. autism spectrum disorder, (treatment for) 

åƖƖĎœƖĳŜœ΄ĈĎǙāĳƖ΄ĮƼſĎƂåāƖĳƵĳƖƼ΄ĈĳƊŜƂĈĎƂͭ
• Severe medical disorder, not primarily neurologic, but suspected to alter 

psychomotor and/or mental performance
• Severe neonatal problem (e.g. severe asphyxia)
• Severe craniocerebral trauma or near-drowning
• Severe infectious encephalitis or drug-induced encephalopathy
• Infectious meningitis, encephalitis or Guillain-Barré

4
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• Resuscitation and/or need for extracorporeal membrane oxygenation prior 
to randomization

• Severe convulsions or stroke prior to randomization

Methods S3: Detailed description of outcome measures

Medical assessment

Anthropometric data
Height (in cm), body weight (in kg) and head circumference (in cm) were measured.

Health status
In an interview with the parents, the need for medical support of all kind during 
the past two years for healthy control children and during the 2 years following the 
index PICU admission for patients, was recorded. The hospital admissions because 
of surgery or a medical reason, and the occurrence of a psychiatric diagnosis were 
documented.

Clinical neurological examination
In order to assess whether there were gross neurological abnormalities, during a 
structured clinical neurological examination, signs of major neurologic dysfunction 
were detected in the following domains: interaction/language skills, gross motor 
ĦƞœāƖĳŜœ͚΄ ĳœƵŜŉƞœƖåƂƼ΄őŜƵĎőĎœƖƊ͚΄ ƂĎǚĎƻĎƊ͚΄āŜŜƂĈĳœåƖĳŜœ΄åœĈ΄ĀåŉåœāĎ͚΄ǙœĎ΄őŜƖŜƂ΄
function, cranial nerves, and special senses (sensory, visual, and auditory function). 
These were all scored normal or abnormal. An abnormal result for each of these 
domains was given 1 point and the sum was made of all the abnormal results, with 
a range of 0-8.

Neurocognitive testing
A broad range of neurocognitive functions, including general intellectual functioning, 
visual-motor integration, attention, motor coordination, inhibitory control and 
āŜħœĳƖĳƵĎ΄ǚĎƻĳĀĳŉĳƖƼ͚΄ƵĎƂĀåŉ΄åœĈ΄ƵĳƊƞåŉͲƊſåƖĳåŉ΄ŉĎåƂœĳœħ͚΄åœĈ΄őĎőŜƂƼ΄ƶĎƂĎ΄ĎƵåŉƞåƖĎĈ͚΄
as previously reported.20

Patient/Parents-reported outcomes (PROs)
Executive functioning was measured with the Behavior Rating Inventory of Executive 
AƞœāƖĳŜœ΄ͬ ��N*AͲ�΄̇ ̊͟Ͳ̊΄ƼĎåƂƊ͚΄��N*A΄̋ Ͳ̆̍΄ƼĎåƂƊ ͚ͭ΄ǙŉŉĎĈ΄ŜƞƖ΄ĀƼ΄ƖĮĎ΄ſåƂĎœƖƊ΄ŜƂ΄āåƂĎħĳƵĎƂƊ΄
of the child. Overlapping scales and indices of both questionnaires (Inhibition, 
Flexibility, Emotional Control, Working Memory, Planning and Organization, Meta-
cognition) and a Total Score were analyzed (T-scores, with mean 50 and SD 10).171,172 
Emotional and behavioral problems were assessed by the parent or caregiver with 
the Child Behavior Checklist (CBCL 1.5-5 years or CBCL 6-18 years).173,174 Internalizing, 
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externalizing, and total problems were analyzed (T-scores, with mean 50 and SD 
10).173,174

Intelligence
General intellectual ability was assessed with use of age-appropriate versions of the 
Wechsler Intelligence Quotient (IQ) tests. The Wechsler Preschool and Primary Scale 
of Intelligence (WPPSI-III-NL)175 was used for children aged 2.5 years to 5 years 11 
months (one version for age range 2 years 6 months to 3 years 11 months, and another 
version for age range 4 years to 5 years 11 months), the Wechsler Intelligence Scale 
for Children (WISC-III-NL)176 was used for children aged 6 years to 16 years 11 months, 
and the Wechsler Adult Intelligence Scale (WAIS-IV-NL)177 for adolescents who were 
17 years or older. For all these tests Total IQ, Verbal IQ, and Performance IQ scores 
(Test-mean 100, SD 15) were computed.

Visual-motor integration
We used the Beery Developmental Test of Visual-Motor Integration, 6th Edition (VMI) 
to assess the ability to integrate their visual and motor functions (total Scaled Score, 
Test-mean 10, SD 3). This involves eye-hand coordination.178

Alertness, motor-coordination, and executive functions
To measure alertness, motor-coordination and executive function, the validated 
Amsterdam Neuropsychological Tasks (ANT) program was used.179 The ANT is a 
computer-aided assessment battery of reaction time (RT) tasks that allows for the 
systematic evaluation of information processing capacities.

Children 4 years and older performed ANT-Baseline Speed (BS), ANT-Tapping (TP), 
and Response Organization Objects (ROO). The ANT-BS evaluated alertness by 
measuring simple RT to visual stimuli (mean RT and SD of RT were obtained for the 
right and left hand separately). The ANT-TP assessed motor coordination for the right 
hand, left hand, bimanual alternating, and bimanual synchronous. The ANT-ROO 
őĎåƊƞƂĎĈ΄ĳœĮĳĀĳƖŜƂƼ΄āŜœƖƂŜŉ΄åœĈ΄āŜħœĳƖĳƵĎ΄ǚĎƻĳĀĳŉĳƖƼ΄ĀƼ΄āåŉāƞŉåƖĳœħ΄ƖĮĎ΄ĈĳǖĎƂĎœāĎƊ΄
ĳœ΄�¯΄åœĈ΄ƖĮĎ΄ĈĳǖĎƂĎœāĎƊ΄ĳœ΄œƞőĀĎƂ΄ŜĦ΄ĎƂƂŜƂƊ΄ĀĎƖƶĎĎœ΄ƖĎƊƖƊ΄ŜĦ΄ĳœāƂĎåƊĳœħ΄ĈĎőåœĈ͟

Memory
Auditory/verbal memory and Visual-spatial/non-verbal memory were assessed 
with use of four tests from the Children’s Memory Scale (CMS) for children between 
5 and 16 years 11 months. 180 As to verbal memory, CMS-Numbers assessed short-
term verbal memory span (forward digit recall) and verbal working memory load 
(backward digit recall). The CMS-Word Pairs (recall a list of word pairs) assessed 
short-term and long-term verbal memory, and recognition. As to non-verbal memory, 
CMS-Picture Locations (remembering and recall of pictures in various locations) 
assessed immediate visual memory. CMS-Dot Locations (remembering and recall 

4
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of the location of dots) assessed immediate and delayed visual memory. For CMS-
Numbers, raw scores for verbal memory span, CMS-numbers forward, and verbal 
working memory load, CMS-numbers backward were reported. For CMS-Word Pairs, 
CMS-Picture Locations, and CMS-Dot Locations, proportional scores were analyzed 
ͬſƂŜſŜƂƖĳŜœ΄ŜĦ΄āŜƂƂĎāƖ΄ƂĎƊſŜœƊĎƊ΄Ƃåœħĳœħ΄ĦƂŜő΄̅΄ƖŜ΄͚̆΄ƶĳƖĮ΄ĮĳħĮĎƂ΄ƊāŜƂĎƊ΄ƂĎǚĎāƖĳœħ΄
better performance). The CMS-Learning index is a standardized score of the sum of 
the three learning trials of the CMS-Word Pairs and the learning trial of the CMS-Dot 
Locations subtests. The range of the score is 50-150, with a higher score representing 
a better learning ability.

Methods S4: Imputation
Missing data (excluding the deceased and the severely disabled whereby non-
testable children) were handled by multiple data imputation with chained equations 
under a ‘missing at random’ assumption. There were no missing data in the baseline 
variables. Predictors for missing values included all covariates listed below, and were 
retained in the predictor models with a minimum correlation of 0.1 with the prediction 
target. Predictive mean matching189 was used for numeric variables except for factors 
with two levels (which were imputed based on logistic regression) and factors with 
more than two levels (for which polytomous (unordered) regression was used). A 
monotonous visiting scheme was used such that variables for imputation were visited 
in increasing order of the number of missing data. Imputation convergence was 
assessed visually and set at 70 iterations (Figure S1). Since there were no more than 
30% missing observations for all variables, 31 complete imputed datasets were used 
in the analyses,181 and pooled results were obtained across datasets using Rubin’s 
rules.190

Plausibility of the imputations was assessed visually via the densities of the observed 
data and that resulting from the imputed values (Figure S2). Sensitivity of results to 
the ‘missing at random’ assumption was assessed with use of pattern mixture models 
190-192 assuming the original imputed values were either too high or too low by a factor 
of 0.1 for the main result of inhibition as reported by parents. Under this assumption, 
the obtained beta-estimates and p-values for randomization to Late PN vs. Early PN 
ĦŜƂ΄ƖĮĎ΄őƞŉƖĳƵåƂĳåĀŉĎ΄ŉĳœĎåƂ΄ƂĎħƂĎƊƊĳŜœ΄åœåŉƼƊĎƊ΄ſĎƂĦŜƂőĎĈ΄ƖŜ΄ĈĎƖĎƂőĳœĎ΄ƊĳħœĳǙāåœƖ΄
and independent associations between risk factors and inhibition as reported by 
the parents at two-year follow-up within the tested patient population (Table S1-1) 
ƂåœħĎĈ΄ĦƂŜő΄Ͳ̇̎̋̇͟΄ͬſΫ̅̅̅̅̆ͭ͟΄ƖŜ΄Ͳ̇̈̎̋͟΄ͬſΨ̅̅̈̇ͭ͟͟΄¯ĮĎ΄ĎǖĎāƖͲƊĳǆĎƊ΄ƖĮƞƊ΄ƂĎőåĳœĎĈ΄ŜĦ΄
ƖĮĎ΄ƊåőĎ΄ŜƂĈĎƂ΄ŜĦ΄őåħœĳƖƞĈĎ͚΄Ɗĳħœ͚΄åœĈ΄ƊƖåƖĳƊƖĳāåŉ΄ƊĳħœĳǙāåœāĎ΄åƊ΄ƶĎƂĎ΄ŜĀƊĎƂƵĎĈ΄ĦŜƂ΄
the original imputed datasets, which suggested that the analyses were robust against 
the investigated ‘missing at random’ violation.

To further evaluate ƍĩĉͩżŗûƕƄƍŎĉƄƄͩŗġͩƍĩĉͩŌàĮŎͩǏŎăĮŎĢƄ, the analyses were repeated 
after imputing a penalized test result for all severely disabled and thus non-testable 
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patients,΄ĈĎǙœĎĈ΄åƊ΄ƖĮĎ΄ƶŜƂƊƖ΄ƂĎƊƞŉƖ΄ ĳœ΄ƖĮĎ΄ŜĀƊĎƂƵĎĈ΄ſåƖĳĎœƖƊ΄ŜƂ΄āŜœƖƂŜŉƊ͚΄ſŉƞƊ΄ŜƂ΄
minus one, as appropriate for each test. In this case, the obtained beta-estimates 
(p-values) for randomization to Late PN vs. Early PN for the multivariable linear 
regression analyses were respectively: A) -3.382 (p<0.0001) for inhibition as reported 
by parents; B) -1.928 (p=0.031) for meta-cognition as reported by parents; C) -1.992 
(P=0.026) for working memory as reported by parents; D) -2.224 (p=0.014) for overall 
executive functioning as reported by parents; E) -1.668 (p=0.045) for externalizing 
emotional and behavioral problems as reported by parents; and F) 0.464 (p=0.017) 
for visual-motor integration. These sensitivity analyses corresponded closely to the 
primary results as reported in Table 2 of the main manuscript.

All multiple data imputation analyses were performed with R version 3.4.3 and MICE 
version 2.46.0.

List of variables used for multiple data imputation by chained equations

Demographics of patients and control children and patient characteristics upon 
PICU admission
Centre, randomization for Late PN or Early PN, patient vs. controls, race, gender, 
geographic origin, language, hand preference, history of malignancy, history of 
ĈĳåĀĎƖĎƊ͚΄å΄ſƂĎĈĎǙœĎĈ΄ͺƊƼœĈƂŜőĎͻ͚΄ĎĈƞāåƖĳŜœåŉ΄åœĈ΄ŜāāƞſåƖĳŜœåŉ΄ƊƖåƖƞƊ΄ŜĦ΄ſåƂĎœƖƊ͚΄
diagnosis, PIM3 and PeLOD scores upon PICU admission, risk of malnutrition 
(STRONGkids category), parental smoking behavior prior to PICU admission, age at 
randomization, age group at randomization.

�āƞƖĎ΄ĎǖĎāƖƊ΄ŜĦ΄ƂåœĈŜőĳǆåƖĳŜœ΄åœĈ΄ſŜƊƖͲƂåœĈŜőĳǆåƖĳŜœ΄ƖƂĎåƖőĎœƖƊ΄ĳœ΄�N�¶
Acquisition of new PICU infections, duration of PICU stay, duration of mechanical 
ventilatory support, hypoglycemia, duration of treatment with hemodynamic support, 
antibiotics, corticosteroids, opioids, benzodiazepines, hypnotics and D2-agonists.

At two-year follow-up
Age, test location, height, weight, head circumference, composite endpoint 
“diagnosed with a somatic illness”, composite endpoint “diagnosed with a psychiatric 
illness”, composite endpoint “admitted to hospital for a medical or surgical reason”, 
clinical neurological examination, verbal IQ, performance IQ, total IQ, visual motor 
integration, reaction time left hand, reaction time right hand, within subject SD of 
reaction time left hand, within subject SD of reaction time left hand, number of 
unimanual taps right hand, number of unimanual taps left hand, number of valid 
alternating taps, number of valid synchronous taps, delta reaction time inhibition, 
ĈĎŉƖå΄œƞőĀĎƂ΄ŜĦ΄ĎƂƂŜƂƊ ĳ́œĮĳĀĳƖĳŜœ͚΄ĈĎŉƖå΄ƂĎåāƖĳŜœ΄ƖĳőĎ΄ǚĎƻĳĀĳŉĳƖƼ͚΄ĈĎŉƖå΄œƞőĀĎƂ΄ŜĦ΄ĎƂƂŜƂƊ΄
ǚĎƻĳĀĳŉĳƖƼ͚΄œƞőĀĎƂƊ΄őĎőŜƂƼ΄Ɗſåœ΄ĦŜƂƶåƂĈ͚΄œƞőĀĎƂƊ΄ƶŜƂņĳœħ΄őĎőŜƂƼ΄ĀåāņƶåƂĈ͚΄ƶŜƂĈ΄
pairs learning, word pairs immediate memory, word pairs delayed memory, word pairs 
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recognition, pictures, dots learning, dots immediate memory, dots delayed memory, 
learning index, executive functioning as reported by parents/caregivers (inhibition, 
ǚĎƻĳĀĳŉĳƖƼ͚΄ĎőŜƖĳŜœåŉ΄āŜœƖƂŜŉ͚΄ƶŜƂņĳœħ΄őĎőŜƂƼ͚΄ſŉåœœĳœħ΄åœĈ΄ŜƂħåœĳǆåƖĳŜœ͚΄őĎƖåͲ
cognition index, and total score), emotional and behavioral problems as reported 
by parents/caregivers (internalizing problems, externalizing problems, and total 
problems). Interactions between age group and randomization were not included 
in the imputation models.

Figure S1. iåāƂŜœƞƖƂĳĎœƖ΄ĈŜƊĎƊ΄ĈƞƂĳœħ΄ƖĮĎ΄ǙƂƊƖ΄ƶĎĎņ΄ĳœ΄�N�¶΄åĈőĳœĳƊƖĎƂĎĈ΄ƖŜ΄ƖĮĎ΄ƖĎƊƖĎĈ΄ſŜſƞŉåƖĳŜœ
Daily amount of total energy in kcal/kg/day, and the daily amounts of total substrates in g/kg/day are 
ƊĮŜƶœ΄ĦŜƂ΄ƖĮĎ΄ǙƂƊƖ΄̌΄ĈåƼƊ ĳ́œ΄ƖĮĎ΄ſĎĈĳåƖƂĳā ĳ́œƖĎœƊĳƵĎ΄āåƂĎ΄ƞœĳƖ΄ͬ�N�¶ͭ͟΄�åƂƊ΄ƂĎſƂĎƊĎœƖ΄ƖĮĎ΄őĎåœ΄åœĈ΄ƖĮĎ΄ƶĮĳƊņĎƂƊ΄
represent the standard error of the mean (SEM). The red bars represent the Early PN group and the green 
bars represent the Late PN group.
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Figure S2. Imputation convergence for selected neurocognitive test results
Mean and standard deviation of imputed values in each of 31 datasets over 70 iterations for

�ͭ Executive functioning as reported by parents/caregivers - T-score: Inhibition;
�ͭ Meta-cognition index;
�ͭ Working memory;
$ͭ Total score;
*ͭ Emotional and behavioral problems as reported by parents/caregivers - T-score: Externalizing 
problems;
Aͭ Visual-motor integration.

4
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Figure S3. Density estimates of the observed and imputed values for selected neurocognitive test results
Density estimated for observed values (in blue) and for each imputed dataset (in orange) for

�ͭ Executive functioning as reported by parents/caregivers - T-score: Inhibition;
�ͭ Meta-cognition index;
�ͭ Working memory;
$ͭ Total score;
*ͭ Emotional and behavioral problems as reported by parents - T-score: Externalizing problems;
Aͭ Visual-motor integration.
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Figure S4. Multiple imputation predictor variables
Missing values for the variables in each row are imputed based on models that use as predictors only the 
column variables highlighted in blue. The predictor variables are selected as described in Methods S4

4
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Neurocognitive functioning 2 years after PICU admission
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Neurocognitive functioning 2 years after PICU admission
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Neurocognitive functioning 2 years after PICU admission
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Neurocognitive functioning 2 years after PICU admission
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Neurocognitive functioning 2 years after PICU admission
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Neurocognitive functioning 2 years after PICU admission
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Neurocognitive functioning 2 years after PICU admission
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Neurocognitive functioning 2 years after PICU admission
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Chapter 4

Table S2. Comparison of patients randomized to late parenteral nutrition during PICU stay with healthy 
āŜœƖƂŜŉ΄āĮĳŉĈƂĎœ΄ĦŜƂ΄ƖĮĎ΄ƖĎƊƖƊ΄ƊĳħœĳǙāåœƖŉƼ΄åǖĎāƖĎĈ΄ĀƼ΄ƖĮĎ΄ƂåœĈŜőĳǆĎĈ΄ĳœƖĎƂƵĎœƖĳŜœ

Neurocognitive function p-value

Visual-motor integration 0.00052

Externalizing problems as reported by parents/caregivers 0.34

Inhibition as reported by parents/caregivers 0.66

Working memory as reported by parents/caregivers 0.032

Meta-cognition index as reported by parents/caregivers 0.34

Overall executive functioning as reported by parents/caregivers 0.12

Table S3.΄NőſåāƖ΄ŜĦ΄ŉåƖĎ΄ƵĎƂƊƞƊ΄ĎåƂŉƼ΄ſåƂĎœƖĎƂåŉ΄œƞƖƂĳƖĳŜœ΄ĳœ΄ĳœĦåœƖƊ΄ĦŜƂ΄ƖĎƊƖƊ΄ƊĮŜƶĳœħ΄å΄ƊĳħœĳǙāåœƖ΄ĳœƖĎƂåāƖĳŜœ΄
p-value with age group

Variable Beta-estimate �ŜœǙĈĎœāĎ΄ĳœƖĎƂƵåŉ p-value

Overall executive functioning -3.843 -6.361 -1.325 0.0029

Meta-cognition -3.749 -6.244 -1.254 0.0034

Working memory -3.594 -6.052 -1.135 0.0043
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Chapter 5

Abstract

Background and aims Early use of parenteral nutrition (Early PN), as compared 
with withholding it for one week (Late PN), in the PICU, has shown to slow down 
recovery from critical illness and impair long-term development of 6 neurocognitive/
behavioral/emotional functions assessed 2 years later. Given that key steps in brain 
őåƖƞƂåƖĳŜœ΄ŜāāƞƂ΄åƖ΄ĈĳǖĎƂĎœƖ΄ƖĳőĎƊ΄ĈƞƂĳœħ΄āĮĳŉĈĮŜŜĈ͚΄ƶĎ΄ĮƼſŜƖĮĎƊĳǆĎĈ΄ƖĮåƖ΄åħĎ΄åƖ΄
time of exposure determines long-term developmental impact of Early PN.

Methods The 786 children who were neurocognitively tested 2 years after participation 
in the PEPaNIC-RCT were included in this study. First, for each studied long-term 
outcome, interaction between randomization to Early PN versus Late PN and age was 
assessed with multivariable linear regression analysis. Subsequently, for outcomes 
ƶĳƖĮ΄åœ΄ĳœƖĎƂåāƖĳŜœ΄ſέ͚̅̆̊͟΄ƖĮĎ΄ĳőſåāƖ΄ŜĦ΄*åƂŉƼ΄�k΄ƵĎƂƊƞƊ΄aåƖĎ΄�k΄ƶåƊ΄åœåŉƼǆĎĈ͚΄åĦƖĎƂ΄
åĈŃƞƊƖőĎœƖ΄ ĦŜƂ΄ ƂĳƊņ΄ ĦåāƖŜƂƊ͚΄ ĦŜƂ΄̉΄ƊƞĀħƂŜƞſƊ΄ĈĎǙœĎĈ΄ĀåƊĎĈ΄Ŝœ΄ĈĎƵĎŉŜſőĎœƖåŉŉƼͲ
ƂĎŉĎƵåœƖ΄åħĎ΄åƖ΄ƖĳőĎ΄ŜĦ΄ĎƻſŜƊƞƂĎ΄ͪέ̇̍΄ĈåƼƊ΄ͬœΨ͚̆̇̆ͭ΄̇̎΄ĈåƼƊ΄ƖŜ΄̆̆΄őŜœƖĮƊ΄ͬœΨ͚̇̈̎ͭ΄̆̆΄
őŜœƖĮƊ΄ƖŜ΄Ϋ̊΄ƼĎåƂƊ΄ͬœΨ̇̇̈ͭ΄åœĈ΄ά̊΄ƼĎåƂƊ΄ͬœΨ̇̅̈ͭͫ͟

Results Interaction between randomization and age was present for weight, and 
ſåƂĎœƖͲƂĎſŜƂƖĎĈ΄ĳœĮĳĀĳƖŜƂƼ΄āŜœƖƂŜŉ͚΄āŜħœĳƖĳƵĎ΄ǚĎƻĳĀĳŉĳƖƼ͚΄ƶŜƂņĳœħ΄őĎőŜƂƼ͚΄ſŉåœœĳœħͥ
organization, metacognition, total executive functioning, and internalizing and total 
behavioral/emotional problems. Subgroup analyses revealed that none of the age-
ħƂŜƞſƊ΄ƂĎƵĎåŉĎĈ΄ĀĎœĎǙƖ͚΄ƶĮĎƂĎåƊ΄āĮĳŉĈƂĎœ΄åħĎĈ΄̇̎΄ĈåƼƊ΄ƖŜ΄Ϋ̆̆΄őŜœƖĮƊ΄ƶĎƂĎ΄őŜƊƖ΄
vulnerable to harm by Early PN for development of inhibitory control (p=0.008), 
working memory (p=0.009), planning/organization (p=0.004), metacognition (p=0.008), 
and total executive functioning (p=0.004), and for internalizing (p=0.005) and total 
behavioral/emotional problems (p=0.01). Children aged 11 months to <5 years revealed 
harm by Early PN for development of inhibitory control (p=0.003). In contrast, children 
åħĎĈ΄ά̊΄ƼĎåƂƊ΄åœĈ΄œĎŜœåƖĎƊ΄åħĎĈ΄έ̇̍΄ĈåƼƊ΄åſſĎåƂĎĈ΄ŉĎƊƊ΄ƵƞŉœĎƂåĀŉĎ͟

Conclusions Critically ill children aged 29 days to 11 months at time of exposure were 
ĳĈĎœƖĳǙĎĈ΄åƊ΄őŜƊƖ΄ƵƞŉœĎƂåĀŉĎ΄ƖŜ΄ĈĎƵĎŉŜſőĎœƖåŉ΄ĮåƂő΄ĎƵŜņĎĈ΄ĀƼ΄*åƂŉƼ΄�k͟
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Introduction

�ĮĳŉĈƂĎœ΄ƶĮŜ΄ĮåƵĎ΄ĀĎĎœ΄āƂĳƖĳāåŉŉƼ΄ĳŉŉ΄ŜĦƖĎœ΄ƊƞǖĎƂ΄ĦƂŜő΄åĈƵĎƂƊĎ΄ĮĎåŉƖĮ΄ƊĎƁƞĎŉåĎ΄ƖĮåƖ΄
remain present years after hospital discharge.1-4 Recently, it has been shown that the 
nutritional management of patients treated in the pediatric intensive care unit (PICU) 
can modify short-term outcome as well as the long-term legacy.5-9 The multicenter 
ͼ�ĎĈĳåƖƂĳā΄ *åƂŉƼ΄ ƵĎƂƊƞƊ΄ aåƖĎ΄ �åƂĎœƖĎƂåŉ΄ kƞƖƂĳƖĳŜœ΄ ĳœ΄ �ƂĳƖĳāåŉ΄ NŉŉœĎƊƊ΄ ͯ΄ �*�åkN�ͽ΄
randomized controlled trial (RCT) has shown that targeting full nutritional intake 
early by early initiation of supplemental parenteral nutrition when enteral nutrition is 
ĳœƊƞǗāĳĎœƖ΄ͬͼ*åƂŉƼ΄�kͽͭ΄ƶåƊ΄āŉĳœĳāåŉŉƼ ĳ́œĦĎƂĳŜƂ΄ƖŜ΄åāāĎſƖĳœħ΄ƖĮĎ΄őåāƂŜœƞƖƂĳĎœƖ΄ĈĎǙāĳƖ΄ƖĮåƖ΄
åāāƞőƞŉåƖĎƊ΄ĀƼ΄ſŜƊƖſŜœĳœħ΄åœƼ΄ƊƞſſŉĎőĎœƖåŉ΄�k΄ƖŜ΄ĀĎƼŜœĈ΄ƖĮĎ΄ǙƂƊƖ΄ƶĎĎņ ĳ́œ΄ƖĮĎ΄�N�¶΄
(‘Late PN’).6-8 Early PN was found to increase the risk of infection and to delay recovery 
ĦƂŜő΄āƂĳƖĳāåŉ΄ ĳŉŉœĎƊƊ͟΄�ſåƂƖ΄ ĦƂŜő΄ ƖĮĎƊĎ΄ĮåƂőĦƞŉ΄ ƊĮŜƂƖͲƖĎƂő΄ĎǖĎāƖƊ͚΄ *åƂŉƼ΄�k΄åŉƊŜ΄
ƊĮŜƶĎĈ΄ƖŜ΄œĎħåƖĳƵĎŉƼ΄åǖĎāƖ΄ƖĮĎ΄ĈĎƵĎŉŜſőĎœƖ΄ŜĦ΄̋΄œĎƞƂŜāŜħœĳƖĳƵĎ΄åœĈ΄ĀĎĮåƵĳŜƂåŉͥ
emotional functions, as assessed 2 years later, with worse inhibitory control, working 
memory, metacognition, total executive functioning, more externalizing behavioral 
problems and worse visual-motor integration.9΄¯ĮĎƊĎ΄ŉŜœħͲƖĎƂő΄åĈƵĎƂƊĎ΄ĎǖĎāƖƊ΄ŜĦ΄
Early PN were found to be mediated by altered DNA-methylation of genes involved 
in brain development.10

Given that the age-range of children who are admitted to the PICU is wide (0 to 
17 years old), it is theoretically possible that exposure to Early PN versus Late PN 
ĮåƊ΄å΄ĈĳǖĎƂĎœƖ΄ĈĎƵĎŉŜſőĎœƖåŉ΄ ĳőſåāƖ΄ĈĎſĎœĈĳœħ΄Ŝœ΄ƖĮĎ΄åħĎ΄åƖ΄ƖĳőĎ΄ŜĦ΄ĎƻſŜƊƞƂĎ͟΄
NœĈĎĎĈ͚΄ĳƖ΄ĳƊ΄ņœŜƶœ΄ƖĮåƖ΄ĎƻſŜƊƞƂĎ΄ƖŜ΄åĈƵĎƂƊĎ΄ĎœƵĳƂŜœőĎœƖåŉ΄ĦåāƖŜƂƊ΄ĈƞƂĳœħ΄ĈĳǖĎƂĎœƖ΄
ƖĳőĎ΄ƶĳœĈŜƶƊ΄ŜĦ΄āĮĳŉĈĮŜŜĈ΄āåœ΄åǖĎāƖ΄ĀƂåĳœ΄ĈĎƵĎŉŜſőĎœƖ΄ĎĳƖĮĎƂ΄åŉŜœħ΄ŜƂ΄åƶåƼ΄ĦƂŜő΄
the normal trajectory.11-13 Although stages of brain development are not strictly and 
uniformly timed for an individual child, it is generally accepted that a major brain 
growth spurt with a steep rise in synaptogenesis for higher cognitive functions occurs 
from the age of about 1 month until about 11 to 12 months.11,14-19 This is followed by a 
plateau in synaptogenesis and initiation of synapse regression referred to as “pruning” 
ƞœƖĳŉ΄ƖĮĎ΄åħĎ΄ŜĦ΄åĀŜƞƖ΄̊΄ƼĎåƂƊ͟΄¯ĮĎƂĎåĦƖĎƂ͚΄ƊƼœåſƖŜħĎœĎƊĳƊ΄ƖåſĎƂƊ΄Ŝǖ΄åœĈ΄ſƂƞœĳœħ΄
predominates. Hence, we hypothesized that the age at which children are admitted 
to the PICU may determine whether exposure to Early PN, as compared with Late 
�k͚΄ĎƵŜņĎƊ΄ŉŜœħͲƖĎƂő΄ĈĎƵĎŉŜſőĎœƖåŉ΄ĮåƂő΄ŜƂ΄ĀĎœĎǙƖ͟΄NœĈĎĎĈ͚΄åŉƖĮŜƞħĮ΄ĦŜƂ΄ƖĮĎ΄ƖŜƖåŉ΄
ſŜſƞŉåƖĳŜœ͚΄*åƂŉƼ΄�k΄ƶåƊ΄ĦŜƞœĈ΄ƖŜ΄åĈƵĎƂƊĎŉƼ΄åǖĎāƖ΄ĈĎƵĎŉŜſőĎœƖ΄ŜĦ΄̋΄œĎƞƂŜāŜħœĳƖĳƵĎ΄
and behavioral/emotional functions, it is possible that the impact of Early PN depends 
on the age at exposure and, consequently, a neutral outcome for the total patient 
ſŜſƞŉåƖĳŜœ΄őåƼ΄ĮĳĈĎ΄ĀĎœĎǙƖ΄ĦŜƂ΄ŜœĎ΄åœĈ΄ĮåƂő΄ĦŜƂ΄åœŜƖĮĎƂ΄åħĎͲħƂŜƞſ͟

To test this hypothesis, we performed a secondary analysis of the PEPaNIC-RCT, 
in which interaction between randomization to Early PN versus Late PN and age at 
ƖĳőĎ΄ŜĦ΄ĎƻſŜƊƞƂĎ΄ƶåƊ΄ǙƂƊƖ΄ĈĎƖĎƂőĳœĎĈ΄ĦŜƂ΄åŉŉ΄ĈĎƵĎŉŜſőĎœƖåŉ΄ŜƞƖāŜőĎƊ΄åƊƊĎƊƊĎĈ΄åƖ΄

5
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2-year follow-up, with subsequent subgroup analyses for 4 developmentally-relevant 
age-groups.

Materials and Methods
Study design and participants
This study is a secondary analysis of the multicenter PEPaNIC-RCT that included 
1440 critically ill children (0-17 years) admitted to the PICUs of Leuven (Belgium), 
Rotterdam (The Netherlands) and Edmonton (Canada).7 The full study protocol has 
been published.6

From the total PEPaNIC-RCT patient population, 786 patients, 391 from the Early PN 
group and 395 from the Late PN group, were assessed for physical, neurocognitive 
and behavioral/emotional functions 2 years later (Figure 1).9 Children who were 
neonates or infants younger than 6 months old at PICU admission were assessed at 
the age of 2.5 years, because this is the youngest age for appropriate assessment of 
parent-reported or caregiver-reported executive functioning (with the Behavior Rating 
NœƵĎœƖŜƂƼ΄ŜĦ΄*ƻĎāƞƖĳƵĎ΄AƞœāƖĳŜœ΄ͪ��N*Aͫͭ΄ĳœ΄āŜőĀĳœåƖĳŜœ΄ƶĳƖĮ΄å΄ħĎœĎƂåŉ΄ĳœƖĎŉŉĳħĎœāĎ΄
ƖĎƊƖ΄ͬ ÎĎāĮƊŉĎƂ΄�ƂĎƊāĮŜŜŉ΄åœĈ΄�ƂĳőåƂƼ΄¢āåŉĎ΄ŜĦ ŃœƖĎŉŉĳħĎœāĎ΄ͪ Î��¢Nͫ ͭ͟ ŃœāŉƞƊĳŜœ΄ĈåƖĎ΄ĦŜƂ΄
follow-up of the other children was 2 years after the date of inclusion in the PEPaNIC-
RCT, with an ideal window of 3 months and an accepted window of 6 months before 
or after this follow-up inclusion date. These 786 patients were included in the present 
secondary analysis.

Study approval by the institutional review boards of the participating centers (ML8052; 
NL49708.078; Pro00038098) and written informed consent from the parents or 
legal guardians and from the child when reaching adolescent age were obtained 
according to local regulations. The study was performed in accordance with the 1964 
Declaration of Helsinki and its amendments.

Randomization and masking
Patients had been randomized to Early PN or Late PN.6,7 In the Early PN group, 
supplemental PN was initiated within 24 hours after PICU admission when enteral 
œƞƖƂĳƖĳŜœ΄ƶåƊ΄ĳœƊƞǗāĳĎœƖ΄ƖŜ΄ƂĎåāĮ΄œƞƖƂĳƖĳŜœåŉ΄ƖåƂħĎƖƊ΄ͬTables S1-2, Figure S1). In the 
aåƖĎ΄�k΄ħƂŜƞſ͚΄ƊƞāĮ΄ƊƞſſŉĎőĎœƖåŉ΄�k΄ƶåƊ΄ƶĳƖĮĮĎŉĈ΄ĳœ΄ƖĮĎ΄ǙƂƊƖ΄ƶĎĎņ΄ŜĦ΄�N�¶΄ƊƖåƼ΄
(which meant no PN for the majority of the patients in view of discharge before day 
8) and patients received a mixture of glucose 5% and sodium chloride 0.9% to match 
ǚƞĳĈ΄ĳœƖåņĎ͟΄�ĦƖĎƂ΄ŜœĎ΄ƶĎĎņ͚΄ĦŜƂ΄ĀŜƖĮ΄ħƂŜƞſƊ΄ĎƁƞåŉŉƼ͚΄�k΄āŜƞŉĈ΄ĀĎ΄åĈőĳœĳƊƖĎƂĎĈ΄ĳĦ΄
necessary. When enteral nutrition covered 80% or more of the calculated targets, 
supplemental parenteral nutrition was discontinued.
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Participants were assessed for developmental outcomes either at the hospital or 
at home by physicians and experienced pediatric psychologists who were strictly 
masked for treatment allocation.9 Parents had not been masked during the time 
the child was treated in the PICU and were not actively informed about the initial 
PEPaNIC-study results.

Developmental outcomes
Clinical tests and validated, internationally recognized questionnaires with adequate 
normative data were used to assess physical, neurocognitive and behavioral/
emotional development in the 2-year PEPaNIC follow-up study.1,9 Studied outcomes 
available for all ages were growth, performance on clinical neurological examination, 
executive functions, behavioral and emotional problems, general intellectual 
functioning and visual-motor integration.9

To assess growth, body weight, height, and head circumference were measured. 
A clinical neurological examination was done to assess signs of major neurologic 
dysfunction in interaction/language skills, gross motor function, involuntary 
őŜƵĎőĎœƖƊ͚΄ƂĎǚĎƻĎƊ͚΄āŜŜƂĈĳœåƖĳŜœ΄åœĈ΄ĀåŉåœāĎ͚΄ǙœĎ΄őŜƖŜƂ΄ĦƞœāƖĳŜœ͚΄āƂåœĳåŉ΄œĎƂƵĎƊ΄
and special senses (sensory, visual and auditory functions). These domains were all 
scored normal (score 0) or abnormal (score 1), yielding a total score ranging from 0 to 
8. Parents or caregivers completed BRIEF questionnaires on executive functioning of 
their child. For children aged 2.5-5 years 11 months, the preschool version (BRIEF-P) 
was used and for children aged 6-18 years the child version (BRIEF) was used.20,21 Only 
the overlapping domains of the two questionnaires were analyzed: inhibitory control, 
āŜħœĳƖĳƵĎ΄ǚĎƻĳĀĳŉĳƖƼ͚΄ĎőŜƖĳŜœåŉ΄āŜœƖƂŜŉ͚΄ƶŜƂņĳœħ΄őĎőŜƂƼ͚΄ſŉåœœĳœħ΄åœĈ΄ŜƂħåœĳǆåƖĳŜœ͚΄
metacognition and total executive functioning. All scores of the BRIEF questionnaires 
ƶĎƂĎ΄ƂĎſŜƂƖĎĈ΄åƊ΄¯΄ƊāŜƂĎƊ͚΄ƶĳƖĮ΄őĎåœ΄̊̅΄ͪ¢$΄̆̅ͫ͟΄IĳħĮĎƂ΄ƊāŜƂĎƊ΄ĳœ΄ƖĮĳƊ΄ƁƞĎƊƖĳŜœœåĳƂĎ΄
represent more problems with everyday executive functioning. Parents or caregivers 
were also asked to complete the Child Behavior Checklist (CBCL) questionnaires (two 
versions depending on the age of the child: CBCL 1.5-5 years 11 months or CBCL 6-18 
years) to assess behavioral and emotional problems of the children. Internalizing, 
externalizing and total behavioral and emotional problems were analyzed (T scores 
ƶĳƖĮ΄őĎåœ΄ ̊̅΄ ͪ¢$΄ ̆̅ͫͭ͟22,23 Higher scores on this questionnaire represent more 
problems. General intellectual ability was assessed with use of the age-appropriate 
versions of the Wechsler intelligence quotient (IQ) scale. The Wechsler Preschool and 
Primary Scale of Intelligence WPPSI-III-NL24 was used for children aged between 2.5 
and 5 years 11 months, the Wechsler Intelligence Scale for Children (WISC-III-NL)25 
was used for children aged between 6 and 16 year 11 months, and the Wechsler Adult 
Intelligence Scale (WAIS-IV-NL)26 was used for adolescents and young adults who 
were 17 years or older. For all Wechsler tests, total IQ, verbal IQ, and performance 
N�΄ƊāŜƂĎƊ΄ͬƖĎƊƖ΄őĎåœ΄̆̅̅΄ͪ¢$΄̆̊ͫͭ΄ƶĎƂĎ΄āŜőſƞƖĎĈ͚΄ƶĳƖĮ΄ĮĳħĮĎƂ΄ƊāŜƂĎƊ΄ƂĎſƂĎƊĎœƖĳœħ΄
better general intellectual ability. The Beery Developmental Test of Visual-Motor 

5
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Integration27 was used to assess the ability to integrate visual and motor functions, 
ĳœƵŜŉƵĳœħ΄ĎƼĎͲĮåœĈ΄āŜŜƂĈĳœåƖĳŜœ΄ͬƖŜƖåŉ΄ƊāåŉĎĈ΄ƊāŜƂĎ͚΄ƶĳƖĮ΄ƖĎƊƖ΄őĎåœ΄̆̅΄ͪ¢$΄̈ͫ ͭ͟΄�΄ĮĳħĮĎƂ΄
score indicates better visual-motor integration. A detailed description of the outcome 
measures is available in the appendix.

Statistical analysis
As previously described,9 multiple data imputation by chained equations was 
performed to correctly address partial responses.28 To avoid bias and instability in 
this imputation model, the percentage of missing data per variable could not exceed 
30% and thus the number of iterative imputations was set at 31.9,28 For each outcome, 
p-values for the interaction between the randomized intervention (Early PN versus 
Late PN) and age at time of exposure were determined with use of multivariable 
linear regression analysis. These analyses were adjusted for the risk factors center, 
sex, race, geographical origin, language, the education and occupational status of the 
parents (appendix), risk of malnutrition (screening tool for risk on nutritional status and 
ħƂŜƶƖĮ΄ͪ¢¯�tkBņĳĈƊͫ΄ƊāŜƂĎ͚ͭ΄ƊĎƵĎƂĳƖƼ΄ŜĦ΄ĳŉŉœĎƊƊ΄ƞſŜœ΄�N�¶΄åĈőĳƊƊĳŜœ΄ͬſĎĈĳåƖƂĳā΄ĳœĈĎƻ΄
ŜĦ΄őŜƂƖåŉĳƖƼ΄̈΄ͪ�Nïͫ΄ƊāŜƂĎ΄åœĈ΄ſĎĈĳåƖƂĳā΄ŉŜħĳƊƖĳā΄ŜƂħåœ΄ĈƼƊĦƞœāƖĳŜœ΄ƊāŜƂĎƊ΄ͪ�Ďat$ͫ΄
score), diagnosis group (surgical-cardiac, surgical-other, neurosurgery/neurology, 
trauma/burn, transplantation/hematology/oncology, medical-other), history of 
őåŉĳħœåœāƼ͚΄ĈĳåĀĎƖĎƊ͚΄å΄ſƂĎĈĎǙœĎĈ΄ƊƼœĈƂŜőĎ΄ͬåſſĎœĈĳƻ͚ͭ΄åœĈ͚΄ſåƂĎœƖåŉ΄ƊőŜņĳœħ΄
behavior. Subsequently, for those outcomes that revealed an interaction p-value 
έ͚̅̆̊͟΄ƖĮĎ΄ĎǖĎāƖ΄ŜĦ΄*åƂŉƼ΄�k΄ƵĎƂƊƞƊ΄aåƖĎ΄�k΄ƶåƊ΄åƊƊĎƊƊĎĈ΄ĦŜƂ΄̉΄a priori΄ĈĎǙœĎĈ΄åħĎ΄
subgroups separately, with multivariable linear regression analysis adjusted for the 
same risk factors. These 4 a priori΄ĈĎǙœĎĈ΄åħĎ΄ƊƞĀħƂŜƞſƊ΄ͪέ̇̍΄ĈåƼƊ΄ŜŉĈ͚΄̇̎΄ĈåƼƊ΄ƖŜ΄
Ϋ̆̆΄őŜœƖĮƊ΄ŜŉĈ͚΄̆̆΄őŜœƖĮƊ΄ƖŜ΄Ϋ̊΄ƼĎåƂƊ΄ŜŉĈ͚΄åœĈ΄̊΄ƼĎåƂƊ΄ŜƂ΄ŜŉĈĎƂͫ΄ƶĎƂĎ΄ĳĈĎœƖĳǙĎĈ΄ĀåƊĎĈ΄
on previously reported timing of cerebral maturation spurts and synaptogenesis 
of higher cognitive functions11,14-19 and with the aim to obtain, as much as possible, 
samples of relatively comparable size.

All multivariable linear regression analyses were performed on the 31 imputed 
datasets with E-estimates and p-values reported as pooled results. In order to 
correct for multiple comparisons, two-sided p-values of 0.01 or less were considered 
ƊƖåƖĳƊƖĳāåŉŉƼ΄ƊĳħœĳǙāåœƖ͟΄¢ƖåƖĳƊƖĳāåŉ΄åœåŉƼƊĎƊ΄ƶĎƂĎ΄ſĎƂĦŜƂőĎĈ΄ƶĳƖĮ΄ƞƊĎ΄ŜĦ΄�΄ƵĎƂƊĳŜœ΄̈̊̈͟͟΄
and JMP© version 14.0.0 (SAS Institute, Inc, Cary, NC).

Results

Among the 786 children who underwent physical, neurocognitive and behavioral/
emotional developmental testing 2 years after randomization to Early PN or Late PN, 
̆̇̆΄ƶĎƂĎ΄έ̇̍΄ĈåƼƊ΄ŜŉĈ΄ͬ̊̋΄*åƂŉƼ΄�k΄åœĈ΄̋̊΄aåƖĎ΄�k͚ͭ΄̇̈̎΄ƶĎƂĎ΄̇̎΄ĈåƼƊ΄ƖŜ΄Ϋ̆̆΄őŜœƖĮƊ΄
old (120 Early PN and 119 Late PN), 223 were 11 months to <5 years old (110 Early PN 
and 113 Late PN) and 203 were 5 years or older (105 Early PN and 98 Late PN) (Figure 
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1). Patient demographics and medical characteristics upon PICU admission are shown 
in Table 1. Total energy intake and blood glucose levels of Early PN versus Late PN 
patients of each age group are shown in Figures S1–2΄ĦŜƂ΄ƖĮĎ΄ǙƂƊƖ΄̌΄ĈåƼƊ΄ĳœ΄�N�¶͟

Interaction between randomization to Early PN versus Late PN and age at time of 
ĎƻſŜƊƞƂĎ΄ƶåƊ΄ ĳĈĎœƖĳǙĎĈ΄ĦŜƂ΄̎΄ĈĎƵĎŉŜſőĎœƖåŉ΄ŜƞƖāŜőĎƊ͙΄ƶĎĳħĮƖ͚΄ĈĎƵĎŉŜſőĎœƖ΄ŜĦ΄
ĳœĮĳĀĳƖŜƂƼ΄āŜœƖƂŜŉ͚΄āŜħœĳƖĳƵĎ΄ǚĎƻĳĀĳŉĳƖƼ͚΄ƶŜƂņĳœħ΄őĎőŜƂƼ͚΄ſŉåœœĳœħ΄åœĈ΄ŜƂħåœĳǆåƖĳŜœ͚΄
metacognition, and total executive functioning, and internalizing and total behavioral 
and emotional problems (Table 2). No interaction between randomization to Early 
PN versus Late PN and age at exposure was present for height, head circumference, 
clinical neurological evaluation score, externalizing behavioral problems, verbal IQ, 
ſĎƂĦŜƂőåœāĎ΄N�΄åœĈ΄ƖŜƖåŉ΄N�΄åœĈ΄ƵĳƊƞåŉͲőŜƖŜƂͲĳœƖĎħƂåƖĳŜœ͟΄IĎœāĎ͚΄ƖĮĎ΄ĮåƂőĦƞŉ΄ĎǖĎāƖ΄
ŜĦ΄ƂåœĈŜőĳǆåƖĳŜœ΄ƖŜ΄*åƂŉƼ΄�k͚΄ƵĎƂƊƞƊ΄aåƖĎ΄�k͚΄ſƂĎƵĳŜƞƊŉƼ΄ĳĈĎœƖĳǙĎĈ΄ĦŜƂ΄ĎƻƖĎƂœåŉĳǆĳœħ΄
behavioral and emotional problems and visual-motor-integration, was not determined 
by age at time of exposure and was present across all ages.9

Figure 1. CONSORT diagram of study participants

5
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Chapter 5

Table 2. Interaction between randomization to Early PN or Late PN and age at time of exposure in determining 
developmental outcome (physical, neurocognitive and behavioral/emotional functions) two years later

Developmental outcome Interaction p-value

Physical development

Weight ͕̅̅̆͟

Height 0.93

Head circumference 0.28

Clinical neurological evaluation score 0.86

Parent- or caregiver-reported executive functions

Inhibitory control ͕̅̆̅͟

�ŜħœĳƖĳƵĎ΄ǚĎƻĳĀĳŉĳƖƼ ͕̅̆̊͟

Emotional control 0.29

Working memory ͕̅̅̇͟

Planning and organization ͕̅̅̅̉͟

Metacognition ͕̅̅̆͟

Total executive functioning ͕̅̅̆͟

Parent- or caregiver-reported behavioral/emotional problems

Internalizing problems ͕̅̆̊͟

Externalizing problems 0.21

Total behavioral and emotional problems ͕̅̅̌͟

IQ

Verbal IQ 0.99

Performance IQ 0.60

Total IQ 0.72

Visual-motor integration 0.40

For each developmental outcome, p-values for interaction between randomization to Early PN or Late PN 
and age at randomization were determined with multivariable linear regression analyses in which age was 
entered as a continuous variable. 
interaction pͲƵåŉƞĎ΄έ̅̆̊͟͟΄�ĎƊƞŉƖƊ΄åƂĎ΄āŜőſƞƖĎĈ΄ĦƂŜő΄ƖĮĎ΄̈̆΄ĈåƖåƊĎƖƊ΄
generated by multiple data imputation by chained equations under a missing-at-random assumption. 
Covariates entered in the multivariable analyses are: center, sex, race, geographical origin, language, the 
education and occupational status of the parents (appendix), risk of malnutrition (screening tool for risk 
Ŝœ΄œƞƖƂĳƖĳŜœåŉ΄ƊƖåƖƞƊ΄åœĈ΄ħƂŜƶƖĮ΄ͪ¢¯�tkBņĳĈƊͫ΄ƊāŜƂĎ͚ͭ΄ƊĎƵĎƂĳƖƼ΄ŜĦ΄ĳŉŉœĎƊƊ΄ƞſŜœ΄�N�¶΄åĈőĳƊƊĳŜœ΄ͬſĎĈĳåƖƂĳā΄
ĳœĈĎƻ΄ŜĦ΄őŜƂƖåŉĳƖƼ΄̈΄ͪ�Nïͫ΄ƊāŜƂĎ΄åœĈ΄ſĎĈĳåƖƂĳā΄ŉŜħĳƊƖĳā΄ŜƂħåœ΄ĈƼƊĦƞœāƖĳŜœ΄ͪ�Ďat$ͫ΄ƊāŜƂĎ͚ͭ΄ĈĳåħœŜƊĳƊ΄ħƂŜƞſ΄
(surgical-cardiac, surgical-other, neurosurgery/neurology, trauma/burn, transplantation/hematology/
ŜœāŜŉŜħƼ͚΄őĎĈĳāåŉͲŜƖĮĎƂ͚ͭ΄ĮĳƊƖŜƂƼ΄ŜĦ΄őåŉĳħœåœāƼ͚΄ĈĳåĀĎƖĎƊ͚΄å΄ſƂĎĈĎǙœĎĈ΄ƊƼœĈƂŜőĎ΄ͬåſſĎœĈĳƻ͚ͭ΄åœĈ͚΄ſåƂĎœƖåŉ΄
smoking behavior before PICU admission.

For the 9 outcomes that revealed interaction between randomization to Early PN 
versus Late PN and age at time of exposure, none of the age subgroups showed 
ĀĎœĎǙƖ΄ĦƂŜő΄*åƂŉƼ΄�k͟΄NœƊƖĎåĈ͚΄ĳœƖĎƂåāƖĳŜœ΄ĀĎƖƶĎĎœ΄ƂåœĈŜőĳǆåƖĳŜœ΄ƖŜ΄*åƂŉƼ΄�k΄ƵĎƂƊƞƊ΄
Late PN and age at time of exposure revealed that one subgroup was particularly 
vulnerable to harm evoked by Early PN whereas other subgroups were less 
ƵƞŉœĎƂåĀŉĎ͟΄iŜƂĎ΄ƊſĎāĳǙāåŉŉƼ͚΄œĎŜœåƖĎƊ΄åħĎĈ΄έ̇̍΄ĈåƼƊ΄ŜŉĈ΄åœĈ΄āĮĳŉĈƂĎœ΄åħĎĈ΄̊΄ƼĎåƂƊ΄
ŜƂ΄ŜŉĈĎƂ΄åƖ΄ƖĳőĎ΄ŜĦ΄ĎƻſŜƊƞƂĎ΄ĈĳĈ΄œŜƖ΄åſſĎåƂ΄ƖŜ΄ƊƞǖĎƂ΄ĦƂŜő΄ĮåƂő΄ĀƼ΄*åƂŉƼ΄�k΄ͬFigure 
2). In contrast, for children aged between 29 days and 11 months at time of exposure, 
patients in the Early PN group performed much worse than those in the Late PN 
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group for most neurocognitive and behavioral/emotional functions that showed 
interaction with age, but not for weight (Figure 2ͭ͟΄iŜƂĎ΄ƊſĎāĳǙāåŉŉƼ͚΄āĮĳŉĈƂĎœ΄åħĎĈ΄
between 29 and 11 months at time of exposure to Early PN had worse inhibitory 
control (E-estimate 4.54, 95% CI 1.21 to 7.87; p=0.008), working memory (E-estimate 
4.35, 95% CI 1.10 to 7.60; p=0.009), planning and organization (E-estimate 4.49, 95% 
CI 1.41 to 7.57; p=0.004), metacognition (E-estimate 4.42, 95% CI 1.15 to 7.69; p=0.008) 
and overall executive functioning (E-estimate 4.84, 95% CI 1.55 to 8.13; p=0.004) than 
children exposed to Late PN. Parents or caregivers also reported more behavioral 
and emotional problems for children aged between 29 and 11 months at time of 
exposure to Early PN, as compared with Late PN, with more internalizing problems 
(E-estimate 4.23, 95% CI 1.31 to 7.15; p=0.005) and total behavioral and emotional 
problems (E-estimate 3.98, 95% CI 0.96 to 7; p=0.01) (Figure 2). For children aged 
between 11 months and 5 years at time of exposure, lower scores were observed 
with Early PN, as compared with Late PN, for inhibitory control (E-estimate 5.29, 95% 
CI 1.78 to 8.80; p=0.003), but not for any of the other outcomes (Figure 2).

Discussion

This secondary analysis of the PEPaNIC-RCT and its 2-year follow-up study revealed 
that the administration of Early PN as compared with omitting PN for one week had 
å΄ĈĳǖĎƂĎœƖ΄ĳőſåāƖ΄Ŝœ΄̎΄ŉŜœħͲƖĎƂő΄ĈĎƵĎŉŜſőĎœƖåŉ΄ŜƞƖāŜőĎƊ΄ĈĎſĎœĈĳœħ΄Ŝœ΄ƖĮĎ΄åħĎ΄
at time of exposure. kŜ΄åħĎ΄ħƂŜƞſ΄ƂĎƵĎåŉĎĈ΄ŉŜœħͲƖĎƂő΄ĈĎƵĎŉŜſőĎœƖåŉ΄ĀĎœĎǙƖ΄ĦƂŜő΄
Early PN, whereas children aged between 29 days and 11 months at time of exposure, 
as compared with other age subgroups, appeared most vulnerable to the long-term 
developmental harm evoked by Early PN.

5
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Figure 2. Impact of Early PN, as compared with Late PN, during stay in the PICU on developmental 
outcome (physical, neurocognitive and behavioral/emotional functions) of children assessed two years 
later, according to age at time of exposure. Data are presented as E estimate (dot) and 95% CI (line) for the 
ĎǖĎāƖ΄ŜĦ΄*åƂŉƼ΄�k͚΄ƵĎƂƊƞƊ΄aåƖĎ΄�k͚΄Ŝœ΄ƖĮŜƊĎ΄ŜƞƖāŜőĎƊ΄ƖĮåƖ΄ƂĎƵĎåŉĎĈ΄ĳœƖĎƂåāƖĳŜœ΄ĀĎƖƶĎĎœ΄ƂåœĈŜőĳǆåƖĳŜœ΄
and age at time of exposure. Results represent the combined E-estimates and p-values from 31 datasets 
generated by multiple data imputation by chained equations under a missing-at-random assumption for 
̌̍̋΄�*�åkN�΄ſåƖĳĎœƖƊ΄ĈĳƵĳĈĎĈ΄ĳœƖŜ΄̉΄å΄ſƂĳŜƂĳ΄ĈĎǙœĎĈ΄ĈĎƵĎŉŜſőĎœƖåŉŉƼͲƂĎŉĎƵåœƖ΄åħĎ΄āåƖĎħŜƂĳĎƊ͚΄ƶĳƖĮ΄ĈåƖå΄
from the total study population, previously published,9 added for comparison. E-estimates were adjusted 
for center, sex, race, geographical origin, language, the education and occupational status of the parents 
ͬåſſĎœĈĳƻ͚ͭ΄ƂĳƊņ΄ŜĦ΄őåŉœƞƖƂĳƖĳŜœ΄ͬƊāƂĎĎœĳœħ΄ƖŜŜŉ΄ĦŜƂ΄ƂĳƊņ΄Ŝœ΄œƞƖƂĳƖĳŜœåŉ΄ƊƖåƖƞƊ΄åœĈ΄ħƂŜƶƖĮ΄ͪ¢¯�tkBņĳĈƊͫ΄ƊāŜƂĎ͚ͭ΄
ƊĎƵĎƂĳƖƼ΄ŜĦ΄ĳŉŉœĎƊƊ΄ƞſŜœ΄�N�¶΄åĈőĳƊƊĳŜœ΄ͬſĎĈĳåƖƂĳā΄ĳœĈĎƻ΄ŜĦ΄őŜƂƖåŉĳƖƼ΄̈΄ͪ�Nïͫ΄ƊāŜƂĎ΄åœĈ΄ſĎĈĳåƖƂĳā΄ŉŜħĳƊƖĳā΄
ŜƂħåœ΄ĈƼƊĦƞœāƖĳŜœ΄ͪ �Ďat$ͫ΄ƊāŜƂĎ͚ͭ΄ĈĳåħœŜƊĳƊ΄ħƂŜƞſ΄ͬ ƊƞƂħĳāåŉ΄āåƂĈĳåā͚΄ƊƞƂħĳāåŉͲŜƖĮĎƂ͚ ΄œĎƞƂŜƊƞƂħĎƂƼͥœĎƞƂŜŉŜħƼ͚΄
trauma/burn, transplantation/hematology/oncology, medical-other), history of malignancy, diabetes, a 
ſƂĎĈĎǙœĎĈ΄ƊƼœĈƂŜőĎ΄ͬåſſĎœĈĳƻ͚ͭ΄åœĈ΄ſåƂĎœƖåŉ΄ƊőŜņĳœħ΄ĀĎĮåƵĳŜƂ͟΄AŜƂ΄ƖĮĎ΄ĈĎƵĎŉŜſőĎœƖåŉ΄ŜƞƖāŜőĎƊ΄ƂĎĈ΄
indicates worse scores and green indicates better scores. For weight, red indicates ‘heavier’ and green 
indicates ‘lighter’ weight-for-age z-score than the average for that age.

This secondary analysis of the 2-year follow-up of the PEPaNIC RCT revealed that 
there was interaction between randomization to Early PN versus Late PN and age 
at time of exposure in determining the long-term developmental consequences of 
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ƖĮĎ΄ƞƊĎ΄ŜĦ΄*åƂŉƼ΄�k͟΄¶œŉĳņĎ΄ƶĮåƖ΄ƶĎ΄ĮåĈ΄ĮƼſŜƖĮĎƊĳǆĎĈ͚΄ƖĮĎƂĎ΄ƶåƊ΄œŜ΄ƊſĎāĳǙā΄åħĎ΄
ƊƞĀħƂŜƞſ΄ƖĮåƖ΄ĀĎœĎǙƖĎĈ΄ĦƂŜő΄ƖĮĎ΄ƞƊĎ΄ŜĦ΄*åƂŉƼ΄�k΄ƖĮåƖ΄āŜƞŉĈ΄ĮåƵĎ΄ĀĎĎœ΄ĮĳĈĈĎœ΄ĀƼ΄
a neutral outcome in the total PEPaNIC population.9 Even if not taking into account 
āŜƂƂĎāƖĳŜœ΄ ĦŜƂ΄őƞŉƖĳſŉĎ΄ āŜőſåƂĳƊŜœƊ͚΄ *åƂŉƼ΄ �k΄ åſſĎåƂĎĈ΄ ƖŜ΄ åǖĎāƖ΄ ŜœŉƼ΄ å΄ ƊĳœħŉĎ΄
outcome, i.e. development of planning and organization, in a positive manner. Instead, 
the interaction between randomization to Early PN versus Late PN and age at time of 
ĎƻſŜƊƞƂĎ΄ſŜĳœƖĎĈ΄ƖŜƶåƂĈƊ΄å΄ƊſĎāĳǙā΄åħĎ΄ƊƞĀħƂŜƞſ΄ƖĮåƖ΄ƶåƊ΄ſåƂƖĳāƞŉåƂŉƼ΄ƵƞŉœĎƂåĀŉĎ΄
to the long-term developmental harm induced by Early PN, whereas this was less 
so for the other age subgroups. Indeed, critically ill children exposed to Early PN 
åƖ΄åœ΄åħĎ΄ĀĎƖƶĎĎœ΄̇̎΄åœĈ΄̆̆΄őŜœƖĮƊ΄ƊƞǖĎƂĎĈ΄őŜƊƖ͚΄ƶĮĎƂĎåƊ΄ſåƖĳĎœƖƊ΄ƶĮŜ΄ƶĎƂĎ΄
œĎŜœåƖĎƊ͚΄åħĎĈ΄έ̇̍΄ĈåƼƊ͚΄åœĈ΄ŜŉĈĎƂ΄āĮĳŉĈƂĎœ΄åħĎĈ΄̊΄ƼĎåƂƊ΄ŜƂ΄őŜƂĎ΄åƖ΄ƖĳőĎ΄ŜĦ΄ĎƻſŜƊƞƂĎ΄
were least harmed by the use of Early PN, except for the two outcomes previously 
ĦŜƞœĈ΄ƖŜ΄ĀĎ΄œĎħåƖĳƵĎŉƼ΄åǖĎāƖĎĈ΄ĀƼ΄*åƂŉƼ΄�k΄ĳœ΄ƖĮĎ΄ƖŜƖåŉ΄ſŜſƞŉåƖĳŜœ΄Ͳ΄ĎƻƖĎƂœåŉĳǆĳœħ΄
behavioral and emotional problems and visual-motor-integration - but for which 
there was no interaction with age at exposure. Children aged between 29 days and 
11 months at time of exposure to Early PN, versus Late PN, had worse scores for the 
development of 5 higher cognitive functions (inhibitory control, working memory, 
őĎƖåāŜħœĳƖĳŜœ͚΄ſŉåœœĳœħ΄åœĈ΄ŜƂħåœĳǆåƖĳŜœ͚΄ƖŜƖåŉ΄ĎƻĎāƞƖĳƵĎ΄ĦƞœāƖĳŜœĳœħͭ΄åœĈ΄ƊƞǖĎƂĎĈ΄
more from internalizing and total behavioral and emotional problems as compared 
ƶĳƖĮ΄ƖĮĎ΄ŜƖĮĎƂ΄åħĎ΄ƊƞĀħƂŜƞſƊ͟΄¯ĮĎ΄åĈƵĎƂƊĎ΄ĎǖĎāƖ΄ŜĦ΄*åƂŉƼ΄�k΄Ŝœ΄ĈĎƵĎŉŜſőĎœƖ΄ŜĦ΄
planning and organization, internalizing and total behavioral and emotional problems 
ĈŜāƞőĎœƖĎĈ΄ĳœ΄ƖĮĳƊ΄åħĎͲħƂŜƞſ͚΄ĮåĈ΄œŜƖ΄ĀĎĎœ΄ĳĈĎœƖĳǙĎĈ΄ĎåƂŉĳĎƂ΄ĦŜƂ΄ƖĮĎ΄ƖŜƖåŉ΄�*�åkN�΄
study population. For development of working memory, metacognition and total 
ĎƻĎāƞƖĳƵĎ΄ĦƞœāƖĳŜœĳœħ͚΄ƖĮĎ΄åĈƵĎƂƊĎ΄ĎǖĎāƖ΄ŜĦ΄*åƂŉƼ΄�k΄ƶåƊ΄ŉåƂħĎƂ΄ĳœ΄ƖĮĳƊ΄åħĎ΄ƊƞĀħƂŜƞſ΄
ƖĮåœ΄ſƂĎƵĳŜƞƊŉƼ΄ĳĈĎœƖĳǙĎĈ΄ĦŜƂ΄ƖĮĎ΄ƖŜƖåŉ΄ſåƖĳĎœƖ΄ſŜſƞŉåƖĳŜœ͟9 Although children aged 
ĀĎƖƶĎĎœ΄̆̆΄őŜœƖĮƊ΄åœĈ΄̊΄ƼĎåƂƊ΄åƖ΄ƖĳőĎ΄ŜĦ΄ĎƻſŜƊƞƂĎ΄ƖŜ΄*åƂŉƼ΄�k΄åŉƊŜ΄ƊƞǖĎƂĎĈ΄ĦƂŜő΄
impaired development of inhibitory control, other developmental outcomes were 
ƞœåǖĎāƖĎĈ͟΄NœƖĎƂĎƊƖĳœħŉƼ͚΄ĀŜƖĮ΄ƖĮĎ΄āƂĳƖĳāåŉŉƼ΄ĳŉŉ΄ƖĎƂő΄œĎŜœåƖĎƊ΄ͬåħĎĈ΄έ̇̍΄ĈåƼƊͭ΄åœĈ΄ƖĮĎ΄
oldest children aged 5 years or more appeared least vulnerable to long-term harm 
evoked by Early PN during critical illness.

tƞƂ΄ǙœĈĳœħ΄ƖĮåƖ΄ſåƖĳĎœƖƊ΄åħĎĈ΄ĀĎƖƶĎĎœ΄̇̎΄ĈåƼƊ΄åœĈ΄̆̆΄őŜœƖĮƊ΄ƶĎƂĎ΄őŜƊƖ΄ƵƞŉœĎƂåĀŉĎ΄
ƖŜ΄åĈƵĎƂƊĎ΄ŉŜœħͲƖĎƂő΄ĎǖĎāƖƊ΄ŜĦ΄ĎƻſŜƊƞƂĎ΄ƖŜ΄*åƂŉƼ΄�k΄ĳœ΄ƖĮĎ΄�N�¶΄ƶåƊ΄ĳœ΄ŉĳœĎ΄ƶĳƖĮ΄
ƖĮĎ΄ǙƂƊƖ΄ƼĎåƂ΄ŜĦ΄ŉĳĦĎ΄ĀĎĳœħ΄āƂĳƖĳāåŉ΄ĦŜƂ΄ĀƂåĳœ΄ĈĎƵĎŉŜſőĎœƖ΄åœĈ΄ƶĳƖĮ΄ƖĮĎ΄ņœŜƶœ΄ĮĳħĮ΄
sensitivity of the brain to environmental disturbances during this time window.11-19 
Indeed, postnatally, a brain growth spurt takes place roughly between 1 and 11 months 
of postnatal age, a time window during which many “sensitive” and “critical” periods 
ĮåƵĎ΄ĀĎĎœ΄ĳĈĎœƖĳǙĎĈ͟΄ÍåƂĳŜƞƊ΄ſŜƖĎœƖĳåŉŉƼ΄ĮåƂőĦƞŉ΄ĎœƵĳƂŜœőĎœƖåŉ΄ĎƻſŜƊƞƂĎƊ΄ƊƞāĮ΄åƊ΄
psychological stressors (caregiver insensitivity, violence), malnutrition (under- and 
ŜƵĎƂĦĎĎĈĳœħͭ΄åœĈ΄ĳœĦĎāƖĳŜƞƊ΄åœĈ΄œŜœĳœĦĎāƖĳŜƞƊ΄ĳœǚåőőåƖĳŜœ΄āåœ΄ĮåƵĎ΄őåŃŜƂ΄ĳőſåāƖ΄
Ŝœ΄ĀƂåĳœ΄ħƂŜƶƖĮ΄åœĈ΄őåƖƞƂåƖĳŜœ΄ƶĮĎƂĎĀƼ΄ƖĮĎƼ΄āåœ΄åǖĎāƖ΄ŉŜœħͲƖĎƂő΄ĈĎƵĎŉŜſőĎœƖ΄
ŉĎåĈĳœħ΄ƖŜ ĳ́œāƂĎåƊĎĈ΄ƂĳƊņ΄ŜĦ΄āŜħœĳƖĳƵĎ͚΄ĎőŜƖĳŜœåŉ΄åœĈ΄ƊŜāĳåŉ΄ĈĎǙāĳƖƊ͟2,11,29-31 Also children 
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aged between 11 months and 5 years showed Early PN induced harm in particular for 
ƖĮĎ΄ĈĎƵĎŉŜſőĎœƖ΄ŜĦ΄ĳœĮĳĀĳƖŜƂƼ΄āŜœƖƂŜŉ͚΄ƶĮĳāĮ΄őåƼ΄ſŜĳœƖ΄ƖŜ΄åœ΄ĎǖĎāƖ΄Ŝœ΄ƖĮĎ΄ĳœĳƖĳåƖĳŜœ΄
of the pruning process which is important for normal development of executive 
functioning.11,16,17,30

Our observation that children older than 5 years seemed less vulnerable to the 
cognitive harm evoked by Early PN during critical illness is in line with the general 
knowledge that beyond this age, fewer “critical” and “sensitive” windows of brain 
development occur.11-19,30,31 Less expected was the observation that patients who 
were at neonatal age at time of exposure to Early PN in the PICU did not show 
neurocognitive developmental harm evoked by Early PN except for an increased 
risk of impaired visual motor integration and disturbed externalizing behavior9 
which did not depend on age of exposure as shown here. This is in contrast with the 
particularly high vulnerability to the short-term harm evoked by Early PN in this age 
group, as reported previously.8 One could speculate about possible explanations. 
First, during the initial 4 weeks of postnatal life, predominantly sensory functions 
rather than higher cognitive functions are being developed.11,16,17,30 Second, in the 
context of brain damage, it has been suggested that the younger the patient at the 
time of the insult, the better the recovery.32΄IŜƶĎƵĎƂ͚ ΄ƊſĎāĳǙā΄ƊƖƞĈĳĎƊ΄ƖĮåƖ΄ĦŜāƞƊ΄Ŝœ΄
ƖĎƂő΄œĎŜœåƖĎƊ΄åƂĎ΄āƞƂƂĎœƖŉƼ΄ŉåāņĳœħ͟΄tƞƂ΄ǙœĈĳœħ΄ŜĦ΄ſƂŜƖĎāƖĳŜœ΄åħåĳœƊƖ΄ĮåƂő΄ĦƂŜő΄*åƂŉƼ΄
PN in this youngest age-group may be explained either by a predominant adverse 
ĎǖĎāƖ΄ŜĦ΄*åƂŉƼ΄�k΄Ŝœ΄ƊƼœåſƖŜħĎœĎƊĳƊ΄ĦŜƂ΄ĮĳħĮĎƂ΄āŜħœĳƖĳƵĎ΄ĦƞœāƖĳŜœƊ͚΄ŜƂ΄ĳƖ΄őåƼ΄ƊƞħħĎƊƖ΄
that neonates can better overcome such a metabolic insult.

This study has some limitations to highlight. By dividing the PEPaNIC patients into 
developmentally-relevant age subgroups, statistical power was inevitably reduced 
as compared with the original patient population. However, we based our conclusion 
on age-dependent vulnerability to harm evoked by Early PN via assessing, in the 
total patient population, the statistical interaction between randomization to Early 
PN versus Late PN and age at time of exposure, which circumvented such a power 
ĳƊƊƞĎ͟΄IƼſŜƖĮĎƊĳƊͲħĎœĎƂåƖĳœħ͚΄ƖĮĎ΄ƵĳƊƞåŉĳǆåƖĳŜœ΄ŜĦ΄ƖĮĎ΄ĈĳǖĎƂĎœāĎƊ ĳ́œ ĳ́őſåāƖ΄ŜĦ΄*åƂŉƼ΄�k΄
versus Late PN per a priori΄ĈĎǙœĎĈ΄åħĎ΄ƊƞĀħƂŜƞſ΄āŉĎåƂŉƼ΄ĳĈĎœƖĳǙĎĈ΄ŜœĎ΄ſåƂƖĳāƞŉåƂŉƼ΄
vulnerable age subgroup, despite its smaller sample size. A second limitation is 
the fact that the sample size of the subgroup of neonates at time of exposure was 
somewhat smaller than that of the other subgroups. This may have reduced the 
statistical power to detect vulnerability in this youngest subgroup. However, most of 
ƖĮĎ΄āŜœǙĈĎœāĎ΄ĳœƖĎƂƵåŉƊ΄ĦŜƂ΄ƖĮĎ΄ĎǖĎāƖ΄ŜĦ΄*åƂŉƼ΄�k΄ƵĎƂƊƞƊ΄aåƖĎ΄�k΄ƶĎƂĎ΄ƊƼőőĎƖƂĳāåŉŉƼ΄
spanning neutrality. Finally, energy requirements were mostly estimated by standard 
equations rather than by indirect calorimetry, which has been criticized for risk of 
overfeeding. However, macronutrient doses administered to patients in the Early 
PN group were substantially below target.33 Furthermore, also the use of indirect 
calorimetry for estimating energy expenditure in critically ill children has been 
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criticized for accuracy34 and feasibility,35 and hence is not frequently used in daily 
practice.36 Nevertheless, in hindsight, the children treated with Early PN can be 
considered overfed in view of the adverse outcomes reported in this group, even 
with low doses.7,8,9

In conclusion, the negative impact of Early PN in critically ill children on development 
of visual-motor-integration and externalizing behavior, assessed 2 years later, was 
present across all ages. We could not identify an age subgroup of patients that 
ĀĎœĎǙƖĎĈ΄ĦƂŜő΄*åƂŉƼ΄�k΄ĦŜƂ΄ƖĮĎ΄ŉŜœħͲƖĎƂő΄ſĮƼƊĳāåŉ΄åœĈ΄œĎƞƂŜāŜħœĳƖĳƵĎ΄ĈĎƵĎŉŜſőĎœƖ͟΄
In contrast, in particular critically ill children aged between 29 days and 11 months 
åƖ΄ ƖĳőĎ΄ŜĦ΄ĎƻſŜƊƞƂĎ΄ ƖŜ΄*åƂŉƼ΄�k΄ƶĎƂĎ΄ ĳĈĎœƖĳǙĎĈ΄åƊ΄őŜƊƖ΄ƵƞŉœĎƂåĀŉĎ΄ ƖŜ΄ ƖĮĎ΄ ŉŜœħͲ
ƖĎƂő΄ĈĎƵĎŉŜſőĎœƖåŉ΄ĮåƂő΄ĎƵŜņĎĈ΄ĀƼ΄*åƂŉƼ΄�k͟΄¯ĮĎƊĎ΄ǙœĈĳœħƊ΄ĦƞƂƖĮĎƂ΄ƊƞſſŜƂƖ΄ĈĎͲ
implementation of the use of Early PN in critically ill children of all ages.

5
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Appendix Chapter 5
iĉƍĩŗăƄͩ¡˶ͩͅ $ĉǏŎĮƍĮŗŎͩŗġͩ͡ƄƳŎăżŗŌĉ͢
A prerandomization syndrome or illness a priori΄ĈĎǙœĎĈ΄åƊ΄åǖĎāƖĳœħ΄ŜƂ΄ſŜƊƊĳĀŉƼ΄
åǖĎāƖĳœħ΄œĎƞƂŜāŜħœĳƖĳƵĎ΄ĈĎƵĎŉŜſőĎœƖ͚΄åœĈ΄ƶĮĳāĮ΄ ĳƊ΄ƊƞĀĈĳƵĳĈĎĈ΄ ĳœ΄ ƖĮĎ΄ ĦŜŉŉŜƶĳœħ΄
categories:

• BĎœĎƖĳāåŉŉƼ΄āŜœǙƂőĎĈ΄ƊƼœĈƂŜőĎ΄ŜƂ΄ſåƖĮŜħĎœĳā΄āĮƂŜőŜƊŜőåŉ΄åĀœŜƂőåŉĳƖƼ
• �ŉĎåƂŉƼ΄ĈĎǙœĎĈ΄ƊƼœĈƂŜőĎ͚΄åƊƊŜāĳåƖĳŜœ΄ŜƂ΄őåŉĦŜƂőåƖĳŜœ΄ƶĳƖĮŜƞƖ΄ͬĳĈĎœƖĳǙĎĈͭ΄

genetic aberration
• Polymalformative syndrome of unknown etiology
• �ŉĎåƂ΄åƞĈĳƖŜƂƼ΄ŜƂ΄ƵĳƊƞåŉ΄ĳőſåĳƂőĎœƖ΄ƶĳƖĮŜƞƖ΄ƊſĎāĳǙĎĈ΄ƊƼœĈƂŜőĎ
• Congenital hypothyroidism due to thyroid agenesis
• Brain tumor or tumor with intracranial metastatic disease
• Pedopsychiatric disorder (e.g. autism spectrum disorder, (treatment for) 

åƖƖĎœƖĳŜœ΄ĈĎǙāĳƖ΄ĮƼſĎƂåāƖĳƵĳƖƼ΄ĈĳƊŜƂĈĎƂͭ
• Severe medical disorder, not primarily neurologic, but suspected to alter 

psychomotor and/or mental performance
• Severe neonatal problem (e.g. severe asphyxia)
• Severe craniocerebral trauma or near-drowning
• Severe infectious encephalitis or drug-induced encephalopathy
• Infectious meningitis, encephalitis or Guillain-Barré
• Resuscitation and/or need for extracorporeal membrane oxygenation prior 

to randomization
• Severe convulsions or stroke prior to randomization

iĉƍĩŗăƄͩ¡˷ͩͅ $ĉǏŎĮƍĮŗŎͩŗġͩĉăƕüàƍĮŗŎàńͩàŎăͩŗüüƕŹàƍĮŗŎàńͩńĉƬĉńͩŗġͩŹàżĉŎƍƄ

Educational level of parents
The educational level is calculated based upon the 3-point scale subdivision as 
made by the Algemene Directie Statistiek (Belgium; statbel.fgov.be/nl/) and the 
Centraal Bureau voor de Statistiek (The Netherlands; statline.cbs.nl): low (1), middle 
(2) and high (3) educational level. The average score of the paternal and maternal 
educational level was calculated. Categories where than made as followed: average 
1 or 1.5 = category 1, average 2 or 2.5 = category 2, average 3 = category 3.

Occupational level of parents
The occupational level is calculated based upon the international Isco System 
4-point scale for professions.1΄ Nœ΄āåƊĎ΄ŜœĎ΄ŜĦ΄ƖĮĎ΄ſåƂĎœƖƊ΄ǙŉŉĎĈ΄ ĳœ΄ƖƶŜ΄ ŃŜĀƊ΄ ĳœ΄ƖĮĎ΄
questionnaire, the highest Isco code level was used. In case ‘unemployed’, ‘disabled’, 
ͼƊƖƞĈĎœƖͽ͚ ΄ŜƂ΄ͼĮŜƞƊĎƶĳĦĎͥĮŜƞƊĎőåœͽ΄ƶåƊ΄ǙŉŉĎĈ΄ĳœ͚΄åœ΄NƊāŜ΄āŜĈĎ΄ŉĎƵĎŉ΄ŜĦ΄̆΄ƶåƊ΄ħĳƵĎœ΄
to that parent. When the parents described their profession as ‘employee’, ‘worker’, 
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‘liberal profession’, or ‘retired’, they were given an Isco code level of 2. The average 
score of the paternal and maternal occupational level was calculated. Categories 
where than made as followed: average 1 or 1.5 = category 1, average 2 or 2.5 = category 
2, average 3 or 3.5 = category 3, average 4 = category 4.

Methods S3. Detailed description of outcome measures

Medical assessment

Anthropometric data
At the beginning of the follow-up visit, height (in cm), body weight (in kg) and head 
circumference (in cm) were measured.

Health status
In an interview with the parents, the need for medical support of all kind during 
the past two years for healthy control children and during the 2 years following the 
index PICU admission for patients, was recorded. The hospital admissions because 
of surgery or a medical reason, and the occurrence of a psychiatric diagnosis were 
documented.

Clinical neurological examination
In order to assess whether there were gross neurological abnormalities, during a 
structured clinical neurological examination, signs of major neurologic dysfunction 
were detected in the following domains: interaction/language skills, gross motor 
ĦƞœāƖĳŜœ͚΄ ĳœƵŜŉƞœƖåƂƼ΄őŜƵĎőĎœƖƊ͚΄ ƂĎǚĎƻĎƊ͚΄ āŜŜƂĈĳœåƖĳŜœ΄ åœĈ΄ ĀåŉåœāĎ͚΄ ǙœĎ΄őŜƖŜƂ΄
function, cranial nerves, and special senses (sensory, visual, and auditory function). 
These were all scored normal or abnormal. A normal result for each of these domains 
was given 1 point and the sum was made of all the abnormal results, with a range of 0-8.

Neurocognitive testing

Patients/Parents-reported outcomes (PROs)
Executive functioning was measured with the Behavior Rating Inventory of Executive 
AƞœāƖĳŜœ΄ͬ ��N*AͲ�΄̇ ̊͟Ͳ̊΄ƼĎåƂƊ͚΄��N*A΄̋ Ͳ̆̍΄ƼĎåƂƊ ͚ͭ΄ǙŉŉĎĈ΄ŜƞƖ΄ĀƼ΄ƖĮĎ΄ſåƂĎœƖƊ āͥåƂĎħĳƵĎƂƊ΄ŜĦ΄
ƖĮĎ΄āĮĳŉĈ͟΄tƵĎƂŉåſſĳœħ΄ƊāåŉĎƊ΄åœĈ΄ĳœĈĳāĎƊ΄ŜĦ΄ĀŜƖĮ΄ƁƞĎƊƖĳŜœœåĳƂĎƊ΄ͬĳœĮĳĀĳƖĳŜœ͚΄ǚĎƻĳĀĳŉĳƖƼ͚΄
emotional control, working memory, panning and organization, metacognition) and a 
total score were analyzed (T-scores, with mean 50 and SD 10). Inhibitory control refers 
to the ability to withhold initial responses in contexts where they are not appropriate 
and emotional control to respond on ongoing experiences with a range of emotions 
ƖĮåƖ΄ ĳƊ΄ƊŜāĳåŉŉƼ΄ƖŜŉĎƂåĀŉĎ΄åœĈ΄ƊƞǗāĳĎœƖŉƼ΄ǚĎƻĳĀŉĎ΄ƖŜ΄ſĎƂőĳƖ΄ƊſŜœƖåœĎŜƞƊ΄ƂĎåāƖĳŜœƊ͟΄
�ŜħœĳƖĳƵĎ΄ǚĎƻĳĀĳŉĳƖƼ΄ĳƊ΄ƖĮĎ΄åĀĳŉĳƖƼ΄ƖŜ΄ƊĮĳĦƖ΄åƖƖĎœƖĳŜœåŉ΄ĦŜāƞƊ΄ĀĎƖƶĎĎœ΄ƖåƊņƊ΄åœĈ΄őĎœƖåŉ΄
sets. Emotional control is the ability to manage and control your emotions in order 

5
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to achieve a goal or complete a task. Panning and organization involves managing 
current or future tasks by setting goals and establishing the steps needed to 
complete the task. Working memory is a cognitive system that temporarily maintains 
and manipulates information. Metacognition is the awareness and understanding of 
one’s own thought processes, ‘thinking about thinking’.2-4

Behavioral and emotional problems were assessed by the parents/caregivers of 
the child with the Child behavior checklist (CBCL 1.5-5 years or CBCL 6-18 years). 
Internalizing, externalizing and total problems were analyzed. Internalizing problems 
refers to anxious, depressed, withdrawn and over-controlled behavior and externalizing 
problems to aggressive, hyperactive, noncompliant, and under controlled behavior. In 
the total score for the behavioral and emotional problems, not only internalizing and 
externalizing problems, but also sleep abnormalities for younger children and social, 
thinking and attention abnormalities for older children are included.5-6

Intelligence
General intellectual ability was assessed with use of age-appropriate versions of 
the Wechsler Intelligence Quotient (IQ) tests. The Wechsler Preschool and Primary 
Scale of Intelligence (WPPSI-III-NL7) was used for children aged 2.5 years - 5 years 11 
months (one version for age range 2 years 6 months - 3 years 11 months, and another 
version for age range 4 years - 5 years 11 months), the Wechsler Intelligence Scale 
for Children (WISC-II-NL8) was used for children aged 6 years - 16 years 11 months, 
and the Wechsler Adult Intelligence scale (WAIS-IV-NL9) for adolescents who were 
17 years or older. For all these testes Total IQ, Verbal IQ and Performance IQ scores 
(test-mean 100, SD 15) were computed.

Visual-motor integration
We used the beery Developmental Test of visual-motor integration 6th Edition to 
assess the ability to integrate visual and motor functions (total scaled score with 
test-mean 10, SD 3). This involves eye-hand coordination.10

Table S1. Macronutrient and caloric target per centre11

Centre First day Subsequent stay

Leuven, 
Belgium

First 10 kg: 100 kcal/kg
10-20 kg: + 50 kcal/kg
>20 kg: + 20 kcal/kg
ͬåĈŃƞƊƖĎĈ΄ĈŜƶœƶåƂĈ΄ƶĮĎœ΄ǚƞĳĈ΄ƂĎƊƖƂĳāƖĳŜœ΄ƂĎƁƞĳƂĎĈͭ

Rotterdam, The 
Netherlands

*k͙΄ĀåƊåŉ΄őĎƖåĀŜŉĳā΄ƂåƖĎ΄ĀƼ΄¢āĮŜǙĎŉĈͲƶĎĳħĮƖ12 PN: 
ESPGHAN13

EN: Recommended Dietary 
Allowances14 PN: ESPGHAN13

Edmonton, 
Canada

Resting energy expenditure by indirect calorimetry. 
If indirect calorimetry impossible: 65% of basal 
metabolic rate (FAOWHO15)

Adjusted daily by the 
dietician based on clinical 
information

EN=enteral nutrition, PN=parenteral nutrition
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Table S2. �ƵĎƂåħĎ΄ƖŜƖåŉ΄őåāƂŜœƞƖƂĳĎœƖ΄ĈŜƊĎƊ΄åĈőĳœĳƊƖĎƂĎĈ΄ƞſ΄ƖŜ΄ĎåāĮ΄ŜĦ΄ƖĮĎ΄ǙƂƊƖ΄̌΄ĈåƼƊ΄ĳœ΄�N�¶͚΄ĎƻſƂĎƊƊĎĈ΄
as percentages of the reference doses for age and weight

Glucose Amino acids Lipids

Dose 
up to 
day a

Early PN Late PN Early PN Late PN Early PN Late PN

1 60.3 (37.1-81.7) 16.5 (11.7-24.2) 74.0 (0.0-102.2) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0)

2 70.4 (47.7-86.3) 19.1 (14.3-32.6) 87.4 (45.8-109.2) 0.0 (0.0-6.6) 15.9 (4.6-49.1) 0.0 (0.0-11.2)

3 61.9 (43.1-75.7) 19.9 (14.4-31.8) 80.0 (56.7-99.4) 2.0 (0.0-13.2) 36.6 (21.7-73.7) 3.5 (0.0-28.2)

4 60.1 (42.1-72.1) 20.1 (14.4-31.9) 75.7 (59.1-89.7) 3.2 (0.0-19.5) 49.5 (34.2-79.1) 6.8 (0.0-41.2)

5 59.2 (42.3-70.9) 20.7 (14.8-31.8) 74.1 (59.2-87.9) 4.7 (0.0-27.3) 60.9 (46.2-93.9) 9.6 (0.0-46.8)

6 56.1 (40.8-70.9) 23.7 (15.6-34.5) 75.0 (57.5-85.5) 6.8 (0.5-33.0) 67.9 (51.3-98.7) 14.6 (1.4-54.4)

7 56.8 (41.6-69.5) 24.4 (15.3-36.0) 73.8 (60.1-86.8) 11.7 (1.7-34.3) 73.7 (57.2-106.0) 23.7 (2.3-60.5)

a΄�ƵĎƂåħĎ΄ĈåĳŉƼ΄ĈŜƊĎƊ΄ŜĦ΄ƖĮĎ΄̈΄őåāƂŜœƞƖƂĳĎœƖ΄āŉåƊƊĎƊ΄åĈőĳœĳƊƖĎƂĎĈ΄ƞſ΄ƖŜ΄ĎåāĮ΄ŜĦ΄ƖĮĎ΄ǙƂƊƖ΄ƊĎƵĎœ΄ĈåƼƊ΄ĳœ΄�N�¶΄
are expressed as percentages of the reference doses for age/weight as described in nutritional guidelines 
summarized in Table S1.11 Data represent medians and interquartile ranges

Figure S1. ¯ŜƖåŉ΄ĎœĎƂħƼ΄ĳœƖåņĎ΄ŜĦ΄ƖĮĎ΄*åƂŉƼ΄�k΄åœĈ΄aåƖĎ΄�k΄ſåƖĳĎœƖƊ΄ŜĦ΄ĎåāĮ΄åħĎ΄ħƂŜƞſ΄ĦŜƂ΄ƖĮĎ΄ǙƂƊƖ΄̌΄ĈåƼƊ΄
in PICU
Black bars represent the daily total amount of energy (kilocalories per kg) for Early PN patients and grey 
bars for Late PN patients. Data are presented as means and standard errors.

5
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Figure S2. �ŉŜŜĈ΄ħŉƞāŜƊĎ΄ŉĎƵĎŉƊ΄ŜĦ΄ƖĮĎ΄*åƂŉƼ΄�k΄åœĈ΄aåƖĎ΄�k΄ſåƖĳĎœƖƊ΄ŜĦ΄ĎåāĮ΄åħĎ΄ħƂŜƞſ΄ĦŜƂ΄ƖĮĎ΄ǙƂƊƖ΄̌΄ĈåƼƊ΄
in PICU
Black bars represent the average glycaemia (milligram per decilitre) per day for Early PN patients and grey 
bars for Late PN patients in each age group. Data are presented as means and standard errors.
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Abstract

Background Pediatric intensive care unit (PICU) survivors are at risk for prolonged 
morbidities interfering with daily life. The current study examined parent-reported 
health-related quality of life (HRQoL) in former critically ill children and parents 
themselves and aimed to determine whether withholding parenteral nutrition (PN) 
ĳœ΄ƖĮĎ΄ǙƂƊƖ΄ƶĎĎņ΄ŜĦ΄āƂĳƖĳāåŉ΄ĳŉŉœĎƊƊ΄åǖĎāƖĎĈ΄āĮĳŉĈƂĎœͽƊ΄åœĈ΄ſåƂĎœƖƊͽ΄I��Ŝa΄̇΄ƼĎåƂƊ΄ŉåƖĎƂ͟

Methods Children who participated in the pediatric early versus late parenteral 
nutrition in critical illness (PEPaNIC) trial and who were testable 2 years later (n = 1158) 
were included. Their HRQoL outcomes were compared with 405 matched healthy 
controls. At PICU admission, children had been randomly assigned to Early PN or 
Late PN. In the Early PN group, PN was initiated within 24 h after PICU admission. In 
the Late PN group, PN was withheld for up to 1 week in the PICU. Parents completed 
ƖĮĎ΄NœĦåœƖ΄¯ŜĈĈŉĎƂ΄�ƞåŉĳƖƼ΄ŜĦ΄aĳĦĎ΄�ƞĎƊƖĳŜœœåĳƂĎ΄ͬN¯�taͤ΄åħĎ΄̇ͯ̈΄ƼĎåƂƊͭ΄ŜƂ΄ƖĮĎ΄�ĮĳŉĈ΄
IĎåŉƖĮ΄�ƞĎƊƖĳŜœœåĳƂĎͲ�åƂĎœƖ΄AŜƂő΄̊̅΄ͬ�I�Ͳ�Å̅ͤ΄åħĎ΄̉ͯ̆̍΄ƼĎåƂƊͭ͟΄�ĎƊĳĈĎƊ͚΄ƖĮĎƼ΄
completed the Health Utility Index (HUI) and the Short Form Health Survey (SF-12) 
regarding their child’s and their own HRQoL, respectively.

Results For the total age group of 786 post-PICU survivors, parents reported lower 
ƊāŜƂĎƊ΄ĦŜƂ΄åŉőŜƊƖ΄åŉŉ΄I��Ŝa΄ƊāåŉĎƊ΄āŜőſåƂĎĈ΄ƖŜ΄ĮĎåŉƖĮƼ΄āĮĳŉĈƂĎœ͟΄�ħĎͲƊſĎāĳǙāåŉŉƼ͚΄
younger critically ill children (2.5 to 3 years old) scored worse for growth and 
ĈĎƵĎŉŜſőĎœƖ΄åœĈ΄ŜŉĈĎƂ΄āĮĳŉĈƂĎœ΄ͬ̉ͯ̆̍΄ƼĎåƂƊ΄ŜŉĈͭ΄ƊāŜƂĎĈ΄ƶŜƂƊĎ΄ĦŜƂ΄ƂŜŉĎ΄ĦƞœāƖĳŜœĳœħ΄
and mental health. Parents’ own mental and physical HRQoL was comparable to that 
ŜĦ΄ĮĎåŉƖĮƼ΄āŜœƖƂŜŉ΄ſåƂĎœƖƊ͟΄kŜ΄I��Ŝa΄ĈĳǖĎƂĎœāĎƊ΄ƶĎƂĎ΄ĦŜƞœĈ΄ĀĎƖƶĎĎœ΄āĮĳŉĈƂĎœ΄ĳœ΄
the Late PN and those in the Early PN group.

Conclusions Parent-reported HRQoL of children 2 years after critical illness was 
impaired compared with healthy controls. In relation to their child’s HRQoL, parents 
reported impairments in emotions, personal time, and family activities; however, their 
Ŝƶœ΄I��Ŝa΄ƶåƊ΄œŜƖ΄ĳőſåĳƂĎĈ͟΄ÎĳƖĮĮŜŉĈĳœħ΄�k΄ĳœ΄ƖĮĎ΄ǙƂƊƖ΄ƶĎĎņ΄ĈƞƂĳœħ΄āƂĳƖĳāåŉ΄ĳŉŉœĎƊƊ΄
had no impact on longer-term HRQoL of the child.
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Background

Improvements in care for critically ill children have led to lower mortality rates in 
our pediatric intensive care units (PICUs).1΄kĎƵĎƂƖĮĎŉĎƊƊ͚΄å΄ƊĳħœĳǙāåœƖ΄ſåƂƖ΄ŜĦ΄ƖĮĎƊĎ΄
surviving children will be confronted with increased morbidity after discharge from 
the hospital.1,2 Such morbidity carries a major burden on children and their families. 
Patient-reported outcomes (PROs) are an important source of information to assess 
these long-term consequences of critical illness on daily life.3 PROs in the case of 
young children are reported by the parents and focus on the subjective evaluation of 
ĈĳǖĎƂĎœƖ΄ĈŜőåĳœƊ΄ƂĎħåƂĈĳœħ΄ƖĮĎ΄ſĎƂāĎĳƵĎĈ΄ĦƞœāƖĳŜœĳœħ΄ŜĦ΄ƖĮĎ΄āĮĳŉĈ͟4 Health-related 
ƁƞåŉĳƖƼ΄ŜĦ΄ŉĳĦĎ΄ͬI��Ŝaͭ΄ĳƊ΄ƖĮĎ΄őŜƊƖ΄āŜőőŜœ΄��t͟΄NƖ΄ƂĎǚĎāƖƊ΄ƖĮĎ΄ĳőſåāƖ΄ŜĦ΄ĮĎåŉƖĮ΄Ŝœ΄
the broad concept of quality of life, e.g., physical, mental, and social functioning, 
and provides insight in what the impairments mean for the daily life of the patient.5,6

We recently showed that parents reported lower HRQoL in PICU survivors, 6 months 
after PICU admission, compared with healthy children. Parents themselves reported 
better scores for physical HRQoL and worse scores for mental HRQoL compared with 
the general population.7΄¯ĮĳƊ΄āŜƞœƖĎƂĳœƖƞĳƖĳƵĎ΄ǙœĈĳœħ΄őĳħĮƖ΄ƂĎǚĎāƖ΄ƖĮĎ΄ƊĮŜƂƖͲƖĎƂő΄
emotional impact on the parents/ families of experiencing a life-threatening disease 
in their child.8 However, little is known regarding longer-term HRQoL of critically ill 
children and their parents.9

The pediatric early versus late parenteral nutrition in critical illness (PEPaNIC) 
multicenter, randomized controlled trial (RCT) showed that withholding supplemental 
ſåƂĎœƖĎƂåŉ΄œƞƖƂĳƖĳŜœ΄ͬ�kͭ΄ĈƞƂĳœħ΄ƖĮĎ΄ǙƂƊƖ΄ƶĎĎņ ĳ́œ΄ƖĮĎ΄�N�¶΄ƂĎƊƞŉƖĎĈ ĳ́œ΄ĀĎƖƖĎƂ΄ƊĮŜƂƖͲƖĎƂő΄
outcomes, with a reduced incidence of new infections, a shorter stay at the PICU, 
and reduced direct healthcare costs, compared with initiating parenteral nutrition 
on the day of admission to the PICU.10,11 Importantly, withholding PN for 1 week did 
œŜƖ΄œĎħåƖĳƵĎŉƼ΄åǖĎāƖ΄ƊƞƂƵĳƵåŉ͚΄åœƖĮƂŜſŜőĎƖƂĳāƊ͚΄ĮĎåŉƖĮ΄ƊƖåƖƞƊ͚΄åœĈ΄œĎƞƂŜāŜħœĳƖĳƵĎ΄
development and even improved a few domains of parent-reported executive 
functioning, less externalizing behavioral problems, and improved visual-motor 
integration compared with children in the Early PN group, evaluated 2 years later.12 
Nœ΄ƖĮĳƊ΄ƊĎāŜœĈåƂƼ΄åœåŉƼƊĳƊ͚΄ƶĎ΄ǙƂƊƖ΄ĳœƵĎƊƖĳħåƖĎĈ΄ſåƂĎœƖͲƂĎſŜƂƖĎĈ΄I��Ŝa΄ŜĦ΄āƂĳƖĳāåŉŉƼ΄ĳŉŉ΄
children as compared with healthy control children at 2-years follow-up and parents’ 
self-reported HRQoL as compared with parents of healthy control children. Secondly, 
we investigated whether the better long-term neurocognitive outcomes of children 
ĳœ΄ƖĮĎ΄aåƖĎ΄�k΄ħƂŜƞſ΄åƂĎ΄åŉƊŜ΄ƂĎǚĎāƖĎĈ΄ĳœ΄å΄ĀĎƖƖĎƂ΄I��Ŝa΄åƊ΄āŜőſåƂĎĈ΄ƶĳƖĮ΄āĮĳŉĈƂĎœ΄
who received Early PN in the PICU.

6

José_Proefschrift.indd   167José_Proefschrift.indd   167 28/10/2020   16:27:2428/10/2020   16:27:24



168

Chapter 6

Methods
Design
This study is part of the pre-planned 2-year follow-up of the PEPaNIC trial that enrolled 
1440 critically ill children admitted to the three participating PICUs (Belgium, the 
Netherlands, and Canada) between June 18, 2012, and July 27, 2015. The full study 
protocol with sample size calculation, short-term outcomes, and 2-year medical and 
neurocognitive outcomes have been published.10,12,13 In summary, at PICU admission, 
children had been randomly assigned to Early PN or Late PN. In the Early PN group, PN 
ƶåƊ ĳ́œĳƖĳåƖĎĈ΄ƶĳƖĮĳœ΄̇ ̉΄Į΄åĦƖĎƂ΄�N�¶΄åĈőĳƊƊĳŜœ΄ƖŜ΄ƊƞſſŉĎőĎœƖ ĳ́œƊƞǗāĳĎœƖ΄ĎœƖĎƂåŉ΄āåŉŜƂĳā΄
intake (whenever 80% of targeted calories per age and weight categories were not yet 
reached). In the Late PN group, PN was withheld for up to 1 week in the PICU, resulting in 
no PN in the majority of the children. After 1 week, for both groups equally, PN could be 
åĈőĳœĳƊƖĎƂĎĈ ĳ́Ħ΄œĎāĎƊƊåƂƼ͟΄ÎĮĎœ΄ĎœƖĎƂåŉ΄œƞƖƂĳƖĳŜœ΄āŜƵĎƂĎĈ΄ά΄̍̅μ΄ŜĦ΄āåŉāƞŉåƖĎĈ΄ƖåƂħĎƖƊ͚΄
supplemental PN was discontinued. Enteral nutrition was initiated early for both groups 
equally, and all patients received intravenous micronutrients until fully enterally fed.

Participants at follow-up
Children who had participated in the PEPaNIC trial and who were alive and neurocognitively 
testable at 2-year follow-up were also eligible for the current study. Four hundred and 
ǙƵĎ΄ĮĎåŉƖĮƼ΄āŜœƖƂŜŉ΄āĮĳŉĈƂĎœ͚΄ƶĮŜ΄ĮåĈ΄œĎƵĎƂ΄ĀĎĎœ΄åĈőĳƖƖĎĈ΄ƖŜ΄å΄œĎŜœåƖåŉ΄ŜƂ΄ſĎĈĳåƖƂĳā Ń�¶͚΄
were recruited for a medical and neurocognitive assessment similar to that of the post-
PICU patients. These children were demographically matched to the patients for age and 
gender. To control as much as possible for genetic and socio-economic/environmental 
background, siblings and relatives of the patients were preferably recruited into this control 
group, besides unrelated children recruited from the same geographic area.

Procedure
AƂŜő΄�ƞħƞƊƖ΄̇̅̆̉΄ƖĮƂŜƞħĮ΄]åœƞåƂƼ΄͚̇̅̆̍΄åŉŉ΄�N�¶΄ƊƞƂƵĳƵŜƂƊ΄åœĈ΄ƖĮĎĳƂ΄ſåƂĎœƖƊ΄ƶĎƂĎ΄ǙƂƊƖ΄
approached through a standardized patient information letter after screening for survival 
status was performed. When children’s neurocognitive functioning was not testable as 
ĈĎƖĎƂőĳœĎĈ΄ĀƼ΄ƖĮĎ΄ſĮƼƊĳāĳåœ΄åœĈ΄āŜœǙƂőĎĈ΄ĀƼ΄ƖĮĎ΄ſåƂĎœƖƊ͚΄ƖĮĎƼ΄ƶĎƂĎ΄œŜƖ΄ĳœāŉƞĈĎĈ΄ĳœ΄
the analyses. Children who were neonates (0 to 6 months old) at the time of the PEPaNIC 
trial were tested at the age of 2.5 years due to the age-limits of the neurocognitive tests. 
When consent was obtained, they were subsequently contacted by phone to schedule 
an appointment for the follow-up assessment that was performed either at the hospital 
or at the patient’s home. Parents received the HRQoL measurements along with the 
āŜœǙƂőåƖĳŜœ΄ŉĎƖƖĎƂ΄ŜĦ΄ƖĮĎ΄åſſŜĳœƖőĎœƖ΄ĦŜƂ΄ĦŜŉŉŜƶͲƞſ΄åƊƊĎƊƊőĎœƖ͟΄tœĎ΄ŜĦ΄ƖĮĎ΄ſåƂĎœƖƊ΄
completed the questionnaires at home and handed them over to the researcher on 
the day of the follow-up assessment. Written informed consent was obtained from the 
parents or legal guardians and/or from the adolescent according to local regulations. 
The institutional review boards at each participating site approved this follow-up study.
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Health-related quality of life outcomes
The type of validated parent-reported questionnaires assessing the child’s HRQoL 
ĈĎſĎœĈĎĈ΄Ŝœ Ɩ́ĮĎ΄åħĎ΄ŜĦ Ɩ́ĮĎ΄āĮĳŉĈ́͟ �åƂĎœƖƊ΄ŜĦ΄ſåƖĳĎœƖƊ΄̇ ̊ͯ̈͟ ΄ƼĎåƂƊ΄ŜŉĈ΄āŜőſŉĎƖĎĈ Ɩ́ĮĎ ŃœĦåœƖ΄
Toddler Quality of Life Questionnaire (ITQOL) about their child’s HRQoL,14 consisting of 
̆̅̈ ĳ́ƖĎőƊ΄ĈĳƵĳĈĎĈ΄ŜƵĎƂ΄̆ ̇΄őƞŉƖĳͲĳƖĎő΄ƊāåŉĎƊ͟΄�åƂĎœƖƊ΄ŜĦ΄ſåƖĳĎœƖƊ΄̉ ͯ̆̍΄ƼĎåƂƊ΄ŜŉĈ΄āŜőſŉĎƖĎĈ΄
the Child Health Questionnaire-Parent Form 50 (CHQ-PF50) about their child’s HRQoL,15 
consisting of 50 items divided into 11 multi-item scales and 4 single-item scales. The 
ITQOL and CHQPF50 are parallel forms of the same questionnaire and scores range from 
̅΄ͬƶŜƂƊƖͭ΄ƖŜ΄̆̅̅΄ͬĀĎƊƖͭ΄ͬƊĎĎ΄�ĈĈĳƖĳŜœåŉ΄ǙŉĎ΄̆å΄åœĈ΄�ĈĈĳƖĳŜœåŉ΄ǙŉĎ΄̊΄ĦŜƂ΄ƖĮĎ΄ſƊƼāĮŜőĎƖƂĳā΄
characteristics of the questionnaires and a description of the subscales). Some subscales 
of these questionnaires are related to the impact of the health status of the child on 
the parents. Subsequently, all parents completed the Short Form Health Survey (SF-12) 
for assessment of their own HRQoL, independent of the health status of the child. The 
SF-12 consists of 12 items16,17 summarized in the “Physical Component Summary” (PCS) 
and “Mental Component Summary” (MCS) based on the US-derived summary scores 
with mean 50 and SD 10 and higher scores representing better HRQoL. Parents who had 
a child both in the patient group and in the control group completed the SF-12 twice.

The Health Utilities Index Mark 2 and 3 (HUI2 and HUI3) are based on the 15-item HUI 
ƁƞĎƊƖĳŜœœåĳƂĎ΄åœĈ΄åƂĎ΄ƖƶŜ΄ĈĳǖĎƂĎœƖ΄āŉåƊƊĳǙāåƖĳŜœ΄ƊƼƊƖĎőƊ΄ƖĮåƖ΄ƖŜħĎƖĮĎƂ΄ſƂŜƵĳĈĎ΄å΄
combined view of the child’s HRQoL and provide a more objective way to measure the 
health status of the child. The HUI2 and HUI3 comprise respectively 6 or 7 function-
attributes based on single items. Scores range from 1 (no functional limitations) to 4, 
5, and 6 (severe functional limitations) and 1 weighted multi-attribute utility function 
with ranges of minus 0.36 (score worse than dead) to 1.00 (perfect health). In the 
current study, since children were matched with healthy control children, the HUI2 
and HUI3 were assessed in children of all ages.

Statistical analyses
The fraction of missing HRQoL data per variable was determined and analyzed to 
examine whether they were missing at random or not at random. In order to avoid 
selection bias, multiple imputation by chained equation (MICE) of HRQoL variables 
ƶåƊ΄ſĎƂĦŜƂőĎĈ΄ƶĮĎœ΄ά΄̌̅μ΄ŜĦ΄ƖĮĎ΄ĈåƖå΄ƶåƊ΄åƵåĳŉåĀŉĎ͟18 The number of imputed data 
sets was set equal to the percentage of missing data plus one. Predictors for missing 
ƵåŉƞĎƊ΄åƂĎ΄ĈĎƊāƂĳĀĎĈ ĳ́œ΄�ĈĈĳƖĳŜœåŉ΄ǙŉĎ΄̆Ā͟΄¯ĮĎ΄ſŜŜŉĎĈ΄ĎƊƖĳőåƖĎƊ΄ƖĮåƖ΄ƖåņĎ ĳ́œƖŜ΄åāāŜƞœƖ΄
variation across imputations were reported.

¯Ŝ΄åœåŉƼǆĎ΄ƖĮĎ΄ĈĳǖĎƂĎœāĎƊ΄ ĳœ΄I��Ŝa΄ƊāåŉĎƊ΄åƵåĳŉåĀŉĎ΄ĦŜƂ΄åŉŉ΄åħĎƊ΄ĀĎƖƶĎĎœ΄ſŜƊƖͲ
�N�¶΄ſåƖĳĎœƖƊ΄åœĈ΄ĮĎåŉƖĮƼ΄āŜœƖƂŜŉ΄āĮĳŉĈƂĎœ΄åœĈ΄ƖŜ΄ĳœƵĎƊƖĳħåƖĎ΄ĈĳǖĎƂĎœāĎƊ΄ĀĎƖƶĎĎœ΄
patients randomly allocated to Late PN or Early PN during PICU stay, multivariable 
linear analyses were done on 21 imputed datasets with the beta-estimates reported 
as pooled results, preceded by a pooled univariable comparison with use of Student 

6
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t test or Wilcoxon rank-sum test as appropriate. All multivariable analyses were 
åĈŃƞƊƖĎĈ΄ĦŜƂ΄ƖĮĎ΄ĀåƊĎŉĳœĎ΄ƂĳƊņ΄ĦåāƖŜƂƊ΄ĈĎƊāƂĳĀĎĈ΄ĳœ΄�ĈĈĳƖĳŜœåŉ΄ǙŉĎ΄̆ā΄åœĈ΄ĦƞƂƖĮĎƂ΄ĦŜƂ΄
ƖĮĎ΄ƊĮŜƂƖͲƖĎƂő΄ĎǖĎāƖƊ΄ŜĦ΄ƖĮĎ΄�*�åkN�΄ƖƂĳåŉ΄åƊ΄ĈĎƊāƂĳĀĎĈ΄ĳœ΄�ĈĈĳƖĳŜœåŉ΄ǙŉĎ΄̆Ĉ͟΄¢ƞĀͲ
åœåŉƼƊĎƊ΄ƶĎƂĎ΄āŜœĈƞāƖĎĈ΄ĦŜƂ΄ƖĮĎ΄I��Ŝa΄ƊāåŉĎƊ΄ƖĮåƖ΄ƶĎƂĎ΄ŜœŉƼ΄åƵåĳŉåĀŉĎ΄ĦŜƂ΄å΄ƊſĎāĳǙā΄
åħĎ΄ ƂåœħĎ͟΄$åƖå΄åƂĎ΄ſƂĎƊĎœƖĎĈ΄åƊ΄ĀĎƖåͲĎƊƖĳőåƖĎƊ΄ƶĳƖĮ΄̎̊μ΄āŜœǙĈĎœāĎ΄ ĳœƖĎƂƵåŉƊ΄
(CI), means and standard deviations, or numbers and proportions, as appropriate. 
Statistical analyses were performed with the use of R version 3.4.3, MICE version 
2.46.0, and JMP© version 13.0.0 (SAS Institute, Inc., Cary, NC). Two-sided pͲƵåŉƞĎƊ΄έ΄
̅̅̊͟΄ƶĎƂĎ΄āŜœƊĳĈĎƂĎĈ΄ƊƖåƖĳƊƖĳāåŉŉƼ΄ƊĳħœĳǙāåœƖ͟΄¯Ŝ΄ĎƻſŉŜƂĎ΄ƶĮĎƖĮĎƂ΄ƖĮĎ΄ƂĎƊƞŉƖƊ΄ŜĦ΄ƖĮĎ΄
¢AͲ̆̇΄ƶĎƂĎ΄åǖĎāƖĎĈ΄ĀƼ΄ƖĮĎ΄ĦåāƖ΄ƖĮåƖ΄ƊŜőĎ΄ſåƂĎœƖƊ΄āŜőſŉĎƖĎĈ΄ƖĮĳƊ΄ƁƞĎƊƖĳŜœœåĳƂĎ΄ƖƶĳāĎ΄
for two children participating in the study, one-way analyses of variance were done 
on three of the 21 imputed datasets as a sensitivity analysis.

Results

Of the 1158 children who were alive and testable 2 years later, a total of 391 children 
in the Early PN group and 395 children in the Late PN group participated in the 2-year 
PEPaNIC follow-up study (Figure 1.ͤ΄ǚŜƶ΄ĈĳåħƂåő΄ŜĦ΄ƊƖƞĈƼ΄ſåƂƖĳāĳſåœƖƊ ͭ͟΄$ĎőŜħƂåſĮĳā΄
characteristics of the post-PICU children and matched healthy control children are shown 
in Table 1΄ͬåœĈ΄�ĈĈĳƖĳŜœåŉ΄ǙŉĎ΄̇ ͭ͟΄�ĮĳŉĈƂĎœ΄ƶĮŜ΄ƶĎƂĎ΄ƖĎƊƖĎĈ΄̇ͲƼĎåƂƊ΄ſŜƊƖͲ�N�¶΄åĈőĳƊƊĳŜœ΄
were overall comparable to both the initial PICU children (Table 1) for demographics 
and patient characteristics upon PICU admission, as well as to the group of patients who 
survived, but declined participation or could not be reached (all p-values > 0.15).

Overall, critically ill children had worse outcomes at 2-year follow-up for parent-
reported HRQoL compared with healthy control children (Table 2 and Additional 
AĳŉĎ΄̈ͭ͟΄AŜƂ΄ƖĮĎ΄ƖŜƖåŉ΄åħĎ΄ħƂŜƞſ͚΄ĈĳǖĎƂĎœāĎƊ΄ĀĎƖƶĎĎœ΄āƂĳƖĳāåŉŉƼ΄ĳŉŉ΄āĮĳŉĈƂĎœ΄åœĈ΄ĮĎåŉƖĮƼ΄
control children were found in multivariable analyses for almost all parent-reported 
I��Ŝa΄őƞŉƖĳͲĳƖĎő΄ƊāåŉĎƊ͚΄ƶĳƖĮ΄ĈĳǖĎƂĎœāĎƊ΄ŜĦ΄̊̉͟΄ƖŜ΄̇ ̌̇͟΄ſŜĳœƖƊ͚΄ƶĳƖĮ΄ƖĮĎ΄ĎƻāĎſƖĳŜœ΄
of general behavior and family cohesion (Table 2ͭ͟΄ AŜƂ΄ ƖĮĎ΄ åħĎ΄ ƊſĎāĳǙā΄I��Ŝa΄
scales, younger critically ill children (2.5 to 3 years old) scored worse for growth and 
ĈĎƵĎŉŜſőĎœƖ΄åœĈ΄ŜŉĈĎƂ΄āĮĳŉĈƂĎœ΄ͬ̉ͯ̆̍΄ƼĎåƂƊ΄ŜŉĈͭ΄ƊāŜƂĎĈ΄ƶŜƂƊĎ΄ĦŜƂ΄ƂŜŉĎ΄ĦƞœāƖĳŜœĳœħ΄
due to emotions/behavior and due to physical problems, and mental health 
compared with healthy control children. Critically ill children also scored worse on 
the parent-reported multi-attribute utility function on the dead-healthy scale for both 
I¶Ṅ΄åœĈ΄I¶N̈΄āŉåƊƊĳǙāåƖĳŜœƊ͚΄āŜőſåƂĎĈ΄ƶĳƖĮ΄ĮĎåŉƖĮƼ΄āŜœƖƂŜŉ΄āĮĳŉĈƂĎœ΄ͬTable 2 and 
�ĈĈĳƖĳŜœåŉ΄ǙŉĎ΄̈ͭ͟΄Nœ΄őƞŉƖĳƵåƂĳåĀŉĎ΄åœåŉƼƊĳƊ͚΄ŉŜƶĎƂ΄ƊāŜƂĎƊ΄ƶĎƂĎ΄ĦŜƞœĈ΄Ŝœ΄ƖĮĎ΄I¶Ṅ΄åœĈ΄
HUI3 single utility scores for sensation, mobility, self- care, speech, and ambulation 
in patients compared with healthy controls (Table 2). Univariable analysis of HRQoL 
scores of parents of critically ill children reported for themselves a lower physical 
component score and mental component score compared with parents of healthy 
āŜœƖƂŜŉ΄āĮĳŉĈƂĎœ΄ͬ�ĈĈĳƖĳŜœåŉ΄ǙŉĎ΄̈ͭ͟΄Nœ΄ƖĮĎ΄őƞŉƖĳƵåƂĳåĀŉĎ΄åœåŉƼƊĳƊ͚΄ƖĮĎƊĎ΄ĈĳǖĎƂĎœāĎƊ΄ƶĎƂĎ΄
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œŜƖ΄ƊƖåƖĳƊƖĳāåŉŉƼ΄ƊĳħœĳǙāåœƖ΄åĦƖĎƂ΄åĈŃƞƊƖĳœħ΄ĦŜƂ΄āĮĳŉĈ΄åœĈ΄ſåƂĎœƖ΄ƂĳƊņ΄ĦåāƖŜƂƊ΄ͬTable 2). 
Sensitivity analyses without the data of n = 111 parents who completed the SF-12 two 
ƖĳőĎƊ΄ŜƂ΄őŜƂĎ΄ƊĮŜƶĎĈ΄œŜ΄ĈĳǖĎƂĎœāĎƊ΄ĳœ΄ƂĎƊƞŉƖƊ΄ͬ�ĈĈĳƖĳŜœåŉ΄ǙŉĎ΄̉ͭ͟

Parents of critically ill children in the Late PN group overall reported comparable 
HRQoL scores as parents of critically ill children in the Early PN group, in univariable 
and multivariable analyses (Table 2΄åœĈ΄�ĈĈĳƖĳŜœåŉ΄ǙŉĎ΄̈ͭ͟

Figure 1. Flow diagram of study participants
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Health-related quality of life 2 years after PICU admission
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Health-related quality of life 2 years after PICU admission

Table 2. iƞŉƖĳƵåƂĳåĀŉĎ΄ŉĳœĎåƂ΄åœĈ΄ŉŜħĳƊƖĳā΄ƂĎħƂĎƊƊĳŜœ΄åœåŉƼƊĎƊ΄ŜĦ΄ƖĮĎ΄ĈĳǖĎƂĎœāĎƊ ĳ́œ΄I��Ŝa΄ŜƞƖāŜőĎƊ΄ĀĎƖƶĎĎœ΄
study groups

HRQoL outcomes assessed 
at 2 years’ follow-up

kŜ͟΄ͬμͭ΄
available 
data per 
outcome 
ͬkΨ̆̆̎̆ͭ

Beta-estimate 
ͬ̎̊μ΄�Nͭ΄ĦŜƂ΄ƖĮĎ΄
comparison patients 
vs. controls, adjusted 
for risk factorsa

p-value Beta-estimate 
ͬ̎̊μ΄�Nͭ΄ĦŜƂ΄ƖĮĎ΄
comparison Late 
PN vs. Early PN, 
adjusted for risk 
factorsb

p-value

Parent-reported HRQoL in children (ITQOL & CHQ-PF50)

Physical functioning 960 (81%) -6.34 (-8.59 - -4.10) <0.001 ̆̈̇͟΄ͬͲ̆̊̉͟΄ͯ΄̉̆̌ͭ͟ 0.36

Bodily pain 967 (81%) -6.81 (-9.54 - -4.07) <0.001 ̆̇̅͟΄ͬͲ̇̈̇͟΄ͯ΄̉̌̈ͭ͟ 0.50

General behavior 967 (81%) Ͳ̆̍̌͟΄ͬͲ̈̍̍͟΄ͯ΄̅̆̉ͭ͟ 0.07 ̇̇̍͟΄ͬͲ̅̅̆͟΄ͯ΄̉̊̌ͭ͟ 0.05

General health 961 (81%) -27.20 (-29.91 - -24.49) <0.001 ̇̎̇͟΄ͬͲ̅̉̌͟΄ͯ΄̋̈̆ͭ͟ 0.09

Change in health 965 (81%) ̆̇̎̉͟΄ͬ̎̎̈͟΄ͯ΄̆̊̎̊ͭ͟ <0.001 -0.88 (-4.37 - 2.61) 0.62

Parental impact-
emotional

964 (81%) -7.92 (-10.50 - -5.33) <0.001 ̇̉̅͟΄ͬͲ̅̍̅͟΄ͯ΄̊̋̅ͭ͟ 0.14

Parental impact-time 965 (81%) -5.41 (-8.07 - -2.76) <0.001 ̈̅̊͟΄ͬͲ̅̈̌͟΄ͯ΄̋̉̌ͭ͟ 0.08

Family activity 960 (81%) -6.18 (-8.78 - -3.58) <0.001 ̈̊̍͟΄ͬ̅̈̇͟΄ͯ΄̋̍̉ͭ͟ 0.03

Family cohesion 962 (81%) Ͳ̇̇̊͟΄ͬͲ̉̎̌͟΄ͯ΄̅̉̌ͭ͟ 0.10 ̅̌̅͟΄ͬͲ̇̉̆͟΄ͯ΄̈̍̆ͭ͟ 0.66

Parent-reported HRQoL in children 2.5 to 3 years only (ITQOL)

Temperament and 
Moods

548 (83%) Ͳ̆̆̉͟΄ͬͲ̈̉̋͟΄ͯ΄̆̆̌ͭ͟ 0.33 Ͳ̅̈̈͟΄ͬͲ̇̍̌͟΄ͯ΄̇̇̅ͭ͟ 0.80

Growth and 
Development

547 (83%) -3.09 (-6.02 - -0.15) 0.04 ̆̊̋͟΄ͬͲ̆̊̇͟΄ͯ΄̉̋̊ͭ͟ 0.32

Getting Along 543 (82%) Ͳ̅̇̊͟΄ͬͲ̇̊̈͟΄ͯ΄̇̅̈ͭ͟ 0.83 ̆̊̋͟΄ͬͲ̅̍̇͟΄ͯ΄̈̎̉ͭ͟ 0.20

Parent-reported HRQoL in children aged 4-18 years only (CHQ-PF50)

Role functioning 
emotional/behavior

425 (80%) -6.73 (-12.86 - -0.60) 0.03 Ͳ̆̇̋͟΄ͬͲ̌ ̈̅͟΄ͯ΄̉̌̎ͭ͟ 0.68

Role functioning due to 
physical problems

424 (80%) -7.87 (-14.35 - -1.39) 0.02 ̅̌̆͟΄ͬͲ̊̅̅͟΄ͯ΄̋̉̈ͭ͟ 0.81

Mental Health 425 (80%) -5.28 (-8.45 - -2.11) 0.001 ̅̅̆͟΄ͬͲ̈̋̇͟΄ͯ΄̈̋̊ͭ͟ 0.99

Self-esteem 426 (80%) Ͳ̇̈̉͟΄ͬͲ̋̇̅͟΄ͯ΄̆̊̆ͭ͟ 0.23 ̆̅̍͟΄ͬͲ̇̇̍͟΄ͯ΄̉̉̊ͭ͟ 0.53

Parent-reported HRQoL in children (HUI2; single utility scores)

Sensation 959 (80%) -0.03 (-0.06 - -0.00) 0.03 ̅̅̇͟΄ͬͲ̅̅̇͟΄ͯ΄̅̅̋ͭ͟ 0.30

Mobility 959 (80%) Ͳ̅̅̇͟΄ͬͲ̅̅̉͟΄ͯ΄̅̅̆ͭ͟ 0.007 ̅̅̆͟΄ͬͲ̅̅̇͟΄ͯ΄̅̅̇̈ͭ͟ 0.62

Emotions 962 (81%) Ͳ̅̅̆͟΄ͬͲ̅̅̇͟΄ͯ΄̅̅̅ͭ͟ 0.06 Ͳ̅̅̅͟΄ͬͲ̅̅̇͟΄ͯ΄̅̅̆ͭ͟ 0.43

Cognition 958 (80%) -0.01 (-0.02 -0.00) 0.13 ̅̅̆͟΄ͬͲ̅̅̆͟΄ͯ΄̅̅̈ͭ͟ 0.26

Self-care 960 (81%) -0.04 (-0.08 - -0.00) 0.03 ̅̅̆͟΄ͬͲ̅̅̉͟΄ͯ΄̅̅̊ͭ͟ 0.83

Pain 961 (81%) Ͳ̅̅̅͟΄ͬͲ̅̅̇͟΄ͯ΄̅̅̆ͭ͟ 0.56 ̅̅̅͟΄ͬͲ̅̅̇͟΄ͯ΄̅̅̇ͭ͟ 0.66

Multi-attribute utility 
function on Dead-healthy 
scale

944 (79%) -0.04 (-0.06 - -0.02) <0.001 ̅̅̆͟΄ͬͲ̅̅̆͟΄ͯ΄̅̅̈ͭ͟ 0.40

Parent-reported HRQoL in children (HUI3; single utility scores)

Vision 958 (80%) ̅̅̅͟΄ͬͲ̅̅̆͟΄ͯ΄̅̅̆ͭ͟ 0.96 Ͳ̅̅̅͟΄ͬͲ̅̅̇͟΄ͯ΄̅̅̆ͭ͟ 0.77

Hearing 961 (81%) ̅̅̅͟΄ͬͲ̅̅̇͟΄ͯ΄̅̅̇ͭ͟ 0.80 ̅̅̆͟΄ͬ΄Ͳ̅̅̇͟΄ͯ΄̅̅̈ͭ͟ 0.57

Speech 960 (81%) -0.04 (-0.07 -0.01) 0.01 ̅̅̇͟΄ͬͲ̅̅̆͟΄ͯ΄̅̅̋ͭ͟ 0.21

Ambulation 959 (80%) -0.04 (-0.06 - -0.01) 0.002 ̅̅̆͟΄ͬͲ̅̅̇͟΄ͯ΄̅̅̉ͭ͟ 0.45

6
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Table 2. iƞŉƖĳƵåƂĳåĀŉĎ΄ŉĳœĎåƂ΄åœĈ΄ŉŜħĳƊƖĳā΄ƂĎħƂĎƊƊĳŜœ΄åœåŉƼƊĎƊ΄ŜĦ΄ƖĮĎ΄ĈĳǖĎƂĎœāĎƊ ĳ́œ΄I��Ŝa΄ŜƞƖāŜőĎƊ΄ĀĎƖƶĎĎœ΄
study groups

HRQoL outcomes assessed 
at 2 years’ follow-up

kŜ͟΄ͬμͭ΄
available 
data per 
outcome 
ͬkΨ̆̆̎̆ͭ

Beta-estimate 
ͬ̎̊μ΄�Nͭ΄ĦŜƂ΄ƖĮĎ΄
comparison patients 
vs. controls, adjusted 
for risk factorsa

p-value Beta-estimate 
ͬ̎̊μ΄�Nͭ΄ĦŜƂ΄ƖĮĎ΄
comparison Late 
PN vs. Early PN, 
adjusted for risk 
factorsb

p-value

Dexterity 962 (81%) Ͳ̅̅̆͟΄ͬͲ̅̅̉͟΄ͯ΄̅̅̆ͭ͟ 0.24 ̅̅̆͟΄ͬͲ̅̅̈͟΄ͯ΄̅̅̉ͭ͟ 0.71

Emotions 962 (81%) Ͳ̅̅̅̌͟΄ͬͲ̅̅̆͟΄ͯ΄̅̅̅ͭ͟ 0.05 Ͳ̅̅̅͟΄ͬͲ̅̅̆͟΄ͯ΄̅̅̅ͭ͟ 0.41

Cognition 944 (79%) Ͳ̅̅̆͟΄ͬͲ̅̅̈͟΄ͯ΄̅̅̅ͭ͟ 0.15 ̅̅̆͟΄ͬͲ̅̅̇͟΄ͯ΄̅̅̉ͭ͟ 0.52

Pain 961 (81%) Ͳ̅̅̆͟΄ͬͲ̅̅̈͟΄ͯ΄̅̅̆ͭ͟ 0.25 ̅̅̅͟΄ͬͲ̅̅̇͟΄ͯ΄̅̅̈ͭ͟ 0.71

Multi-attribute utility 
function on Dead-healthy 
scale

931 (78%) -0.06 (-0.09 - -0.03) <0.001 ̅̅̇͟΄ͬͲ̅̅̇͟΄ͯ΄̅̅̊ͭ͟ 0.33

HRQoL of parents (SF-12)

Physical component 
score

938 (79%) Ͳ̅̈̍͟΄ͬͲ̆̊̌͟΄ͯ΄̅̍̇ͭ͟ 0.53 ̅̋̋͟΄ͬͲ̅̌̊͟΄ͯ΄̇̅̍ͭ͟ 0.36

Mental component score 938 (79%) Ͳ̅̍̍͟΄ͬͲ̇̇̇͟΄ͯ΄̅̉̊ͭ͟ 0.19 ̆̆̇͟΄ͬͲ̅̉̌͟΄ͯ΄̇̌̆ͭ͟ 0.17

�ĎƊƞŉƖƊ΄åƂĎ΄ƖĮĎ΄āŜőĀĳœĎĈ΄ĀĎƖå΄ĎƊƖĳőåƖĎƊ΄ͬ̎̊μ΄āŜœǙĈĎœāĎ΄ĳœƖĎƂƵåŉͭ΄ĦƂŜő΄̇̆΄ĈåƖåƊĎƖƊ΄ħĎœĎƂåƖĎĈ΄ĀƼ΄őƞŉƖĳſŉĎ΄
data imputation by chained equations under a ‘missing at random’ assumption for the 786 post-PICU patients 
and 405 healthy control children. pͲƵåŉƞĎƊ΄ƶĎƂĎ΄āŜœƊĳĈĎƂĎĈ΄ƊƖåƖĳƊƖĳāåŉŉƼ΄ƊĳħœĳǙāåœƖ΄ƶĳƖĮ΄ƖƶŜͲƖåĳŉĎĈ΄p-values 
of less than .05 in which case they are expressed in bold. For a description of the subscales see Additional 
ǙŉĎ΄̊͟΄¢ŜőĎ΄ſåƂĎœƖƊ΄ĈĳĈ΄œŜƖ΄āŜőſŉĎƖĎ΄åŉŉ΄ƁƞĎƊƖĳŜœƊ΄ŜĦ΄å΄ĈŜőåĳœ΄ƶĮĳāĮ΄ƂĎƊƞŉƖĎĈ΄ĳœ΄ĈĳǖĎƂĎœāĎƊ΄ĀĎƖƶĎĎœ΄
sample sizes on the subscales
a Estimates were adjusted for the following risk factors: age, center, race, gender, geographic origin, 
ŉåœħƞåħĎ͚΄ĮåœĈ΄ſƂĎĦĎƂĎœāĎ͚΄ĮĳƊƖŜƂƼ΄ŜĦ΄őåŉĳħœåœāƼ͚΄ĈĳåĀĎƖĎƊ͚΄å΄ſƂĎĈĎǙœĎĈ΄ͺƊƼœĈƂŜőĎͻ͚΄åœĈ΄ƖĮĎ΄ĎĈƞāåƖĳŜœåŉ΄
and occupational status of parents.
b Estimates were adjusted for the following risk factors: age, center, race, gender, geographic origin, 
ŉåœħƞåħĎ͚΄ĮåœĈ΄ſƂĎĦĎƂĎœāĎ͚΄ĮĳƊƖŜƂƼ΄ŜĦ΄őåŉĳħœåœāƼ͚΄ĈĳåĀĎƖĎƊ͚΄å΄ſƂĎĈĎǙœĎĈ΄ͺƊƼœĈƂŜőĎͻ͚΄ƖĮĎ΄ĎĈƞāåƖĳŜœåŉ΄
and occupational status of parents, PIM3 score and PeLOD score upon PICU admission, STRONGkids risk 
category, and parental smoking behavior prior to PICU admission.
�ĀĀƂĎƵĳåƖĳŜœƊ͙΄I��Ŝa͚΄IĎåŉƖĮ΄ƂĎŉåƖĎĈ΄ƁƞåŉĳƖƼ΄ŜĦ΄ŉĳĦĎͤ΄�k͚΄ſåƂĎœƖĎƂåŉ΄œƞƖƂĳƖĳŜœͤ΄�N͚΄āŜœǙĈĎœāĎ΄ĳœƖĎƂƵåŉͤ΄�N�¶͚΄
pediatric intensive care unit; ITQOL, infant toddler quality of life questionnaire; CHQ-PF50, Child Health 
Questionnaire - Parent Form 50; HUI, healthy utility index; SF-12, short form 12

Discussion
HRQoL of critically ill children versus healthy control children
¯ƶŜ΄ ƼĎåƂƊ΄ åĦƖĎƂ΄ āĮĳŉĈƂĎœ΄ ƶĎƂĎ΄ ĳœāŉƞĈĎĈ΄ ĳœ΄ ƖĮĎ΄ �*�åkN�΄ ƖƂĳåŉ͚΄ ƊĳħœĳǙāåœƖ΄ ŉŜƶĎƂ΄
scores were found for post-PICU survivors compared with healthy control children 
on physical and general health-related HRQoL domains and single HUI scores. 
Besides, in younger post-PICU children, parent-reported growth and development 
was impaired. We previously showed that post-PICU children had worse outcomes 
for height, body weight, and neurocognitive development compared with healthy 
controls.12 The present study showed that parents appear to assess these outcomes 
accurately in their child. Recent publications in short-term outcomes already reported 
these impairments in growth and development 6 months after critical illness.7,19
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Impairments in physical HRQoL and in general health were still present in this study 
but parents reported more positive change in health on the single item scale “change 
in health” compared to 1year ago. In our previous 6-month PICU follow-up study,7 
parents also reported lower physical HRQoL and also lower scores on psychosocial 
domains. At 2-year follow-up, only a few psychosocial domains in mainly older 
children remained impaired, whereas problems in other psychosocial multi-item 
domains, i.e., temperament and moods, getting along, and self-esteem, and single 
utility HUI scores emotions and cognition had normalized as compared with healthy 
control children. This is in line with a recent review that found that parent-reported 
HRQoL of children improved over time after critical illness.20 Apparently, after PICU 
admission, the physical domain remained most impaired on the longer term. A review 
investigating studies into PICU survivors who experienced a cardiac arrest or acute 
respiratory distress syndrome also reported lower physical functioning and general 
health 5 and 10 years after critical illness.21 This implicates that these problems 
remain during the development of the child and might interfere with daily life as 
they may lead to functional disabilities.9,20 It might be hypothesized that the timing 
of the follow-up after PICU admission is best within a couple of months to screen for 
growth and development impairments in younger children and to prevent mental 
health problems in older children.8

HRQoL of parents of critically ill children versus parents of healthy controls
In this study, parents reported that critical illness of their child had a negative impact 
on emotional wellbeing, personal time, and on activities with the family which is 
similar to a previous study in parents of children admitted to the PICU for cardiac 
arrest.22 Interestingly, in the current study, when parents were asked about their own 
I��Ŝa͚΄œŜƖ΄ĈĳƂĎāƖŉƼ ĳ́œ΄ƂĎŉåƖĳŜœ΄ƖŜ΄ƖĮĎ΄ĮĎåŉƖĮ΄ŜĦ΄ƖĮĎĳƂ΄āĮĳŉĈ͚΄ƖĮĎƼ΄ƂĎſŜƂƖĎĈ΄œŜ΄ĈĳǖĎƂĎœāĎƊ΄
compared with parents of healthy control children. Apparently, parents do experience 
some limitations in personal and family time and activities as a result of the health 
status of their child, but they do not experience this as an impairment of their own 
HRQoL. In contrast, in our previous study, 6 months after PICU admission, parents 
had higher scores on physical health and lower scores on mental health compared 
with the general population.7 The higher psychosocial HRQoL in parents of critically ill 
children over time might be explained by a response shift. This occurs when parents’ 
appraisal of their own health status changes due to the adaptations they make to 
their child’s diminished health status, especially when their child has minor residual 
symptoms.9,23

Late PN versus Early PN during PICU admission
ÎĳƖĮĮŜŉĈĳœħ΄�k΄ĈƞƂĳœħ΄ƖĮĎ΄ǙƂƊƖ΄ƶĎĎņ΄ŜĦ΄āƂĳƖĳāåŉ΄ ĳŉŉœĎƊƊ΄ĮåĈ΄œŜ΄ ĳőſåāƖ΄Ŝœ΄ſåƂĎœƖͲ
reported HRQoL of the child compared with early administration of PN. This contrasts 
with the favorable outcomes on parent-reported executive functioning, in particular 
better inhibitory control, in critically ill children of the Late PN group.12 This may be 

6
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explained by the fact that HRQoL is a broader concept of the subjective evaluation 
of functioning on mental, physical, and social domains of daily life. Parents evaluate 
their child’s executive functioning as less developed compared to healthy peers but 
appear to retain the subjective feeling that their child is not impaired in overall daily 
functioning.

Implications
Two years after PICU stay, children showed most impairments in physical HRQoL 
domains and therefore, follow-up programs should focus on these physical problems 
after PICU admission.20 In addition, psychologists should screen on developmental 
problems in younger children and mental health problems in school aged children. 
Those children who experience mental problems could be referred to a psychologist 
to prevent further problems in daily life. It is essential to ask parents to complete 
I��Ŝa΄ŜƞƖāŜőĎƊ΄åĦƖĎƂ΄�N�¶΄åĈőĳƊƊĳŜœ΄ƖŜ΄åƊƊĎƊƊ΄ƶĮĳāĮ΄ƊſĎāĳǙā΄œĎĎĈƊ΄ĎƻĳƊƖ΄ƶĳƖĮ΄
regard to daily functioning of the child and themselves. As the children included in 
this study are still relatively young, future research should be done on the longer-term 
to assess whether impairments remain on the longer term.

Strengths and limitations
A strength of the current study is that the sample size was very large compared with 
other studies examining HRQoL in PICU survivors. Furthermore, we included the 
heterogeneous group of PICU patients and extensively adjusted the analyses for 
baseline and short-term follow-up risk factors for lower HRQoL. Hence, the results 
are generalizable to the impact of a PICU admission on long-term HRQoL,9 especially 
since the outcomes of PICU survivors were compared with those of healthy control 
children, matched for age and gender.

A limitation of the current study is the dependence on parent-reported outcomes 
since the majority of the children were too young to be able to assess their own 
HRQoL. Re-evaluation of the children when they are able to assess their own HRQoL 
in self-reports will provide further valuable information regarding HRQoL on the 
longer term after critical illness. Furthermore, children who were too disabled to test 
were not included in the current analyses. In our opinion, this would have introduced 
bias and limited the generalizability of the results since questionnaires assess to 
what extent children are able to participate in society. For example, parents are asked 
whether their child was limited by their health status in doing their homework or 
activities with friends in the last 4 weeks.

Conclusions
Two years after critical illness, children showed an impaired parent-reported HRQoL, 
mainly on physical domains and general health. In relation to the critical illness of their 
child, parents reported impairments in emotions and personal time. However, parents’ 
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own HRQoL appeared comparable to that of parents of healthy control children. 
aåƊƖŉƼ͚΄ƶĳƖĮĮŜŉĈĳœħ΄�k ĳ́œ΄ƖĮĎ΄ǙƂƊƖ΄ƶĎĎņ΄ĈƞƂĳœħ΄āƂĳƖĳāåŉ ĳ́ŉŉœĎƊƊ΄ĮåĈ΄œŜ ĳ́őſåāƖ΄Ŝœ΄I��Ŝa΄
of the child on the longer term.

6
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Appendix Chapter 6
�ăăĮƍĮŗŎàńͩǏńĉͩ˶ͩͅ�ƄƳüĩŗŌĉƍżĮüͩüĩàżàüƍĉżĮƄƍĮüƄͩŗġͩƍĩĉͩŻƕĉƄƍĮŗŎŎàĮżĉƄͩàŎăͩ
additional information about variables for analyses

1a. Psychometric characteristics of the questionnaires
The ITQOL has shown a good internal consistency (Cronbach’s alpha > 0.70) and 
őŜĈĎƂåƖĎ΄ŜƂ΄åĈĎƁƞåƖĎ΄ƖĎƊƖͯ ƂĎƖĎƊƖ ĳ́œƖƂåͲāŉåƊƊ΄āŜƂƂĎŉåƖĳŜœ΄āŜĎǗāĳĎœƖƊ΄ͬά̅̊̅ͤ͟΄ſ΄Ϋ΄̅̅̅̆͟ ͭ͟1 
The CHQ-PF50 has shown good internal consistency, with Cronbach’s alpha for Dutch 
ƊāĮŜŜŉ΄āĮĳŉĈƂĎœ΄Ƃåœħĳœħ΄ĦƂŜő΄̅̈̎ͯ̅̎̋͟͟΄ĦŜƂ΄åœ΄åƵĎƂåħĎ΄ŜĦ΄̅̌͟ ̇΄ĦŜƂ΄ƖĮĎ΄ƊƞĀƊāåŉĎƊ͟2 The 
¢AͲ̆̇΄ĮåƊ΄ƊĮŜƶœ΄ħŜŜĈ ĳ́œƖĎƂœåŉ΄āŜœƊĳƊƖĎœāƼ͚΄ƶĳƖĮ΄�ƂŜœĀåāĮͽƊ΄åŉſĮå΄āŜĎǗāĳĎœƖƊ΄ŜĦ΄̅̌͟ ̇΄
to 0.89, and a test-retest reliability range between 0.73-0.86.3 The Health Utilities 
Index Mark 2 and 3 (HUI2 and HUI3) has been validated in pediatric populations and 
ĳƊ΄āŜœƊĳĈĎƂĎĈ΄ƖŜ΄ĀĎ΄ƂĎŉĳåĀŉĎ΄ĳœ΄āĮĳŉĈƂĎœ΄ŜĦ΄̊ͯ̆̍΄ƼĎåƂƊ΄ŜĦ΄åħĎ͟4

1b. List of variables used for multiple data imputation by chained equations
Predictors for missing values were as following:

1) Demographics of patients and control children and patient characteristics upon 
PICU admission:
Centre, randomization to Late PN or Early PN, patient vs. controls, race, gender, 
geographic origin, language, hand preference, history of malignancy, history of 
ĈĳåĀĎƖĎƊ͚΄å΄ſƂĎĈĎǙœĎĈ΄ͺƊƼœĈƂŜőĎͻ΄ͬ�ĈĈĳƖŜœåŉ΄ǙŉĎ΄̆Ď͚ͭ΄ĎĈƞāåƖĳŜœåŉ΄åœĈ΄ŜāāƞſåƖĳŜœåŉ΄
ƊƖåƖƞƊ΄ŜĦ΄ſåƂĎœƖƊ΄ͬ�ĈĈĳƖĳŜœåŉ΄ǙŉĎ΄̆Ħ͚ͭ΄ĈĳåħœŜƊĳƊ͚΄�Nï΄åœĈ΄�Ďat$΄ƊāŜƂĎƊ΄ƞſŜœ΄�N�¶΄
admission, risk of malnutrition (STRONGkids category), parental smoking behavior 
prior to PICU admission, age at randomization, age group at randomization.

̇ͭ΄�āƞƖĎ΄ĎǖĎāƖƊ΄ŜĦ΄ƂåœĈŜőĳǆåƖĳŜœ΄åœĈ΄ſŜƊƖͲƂåœĈŜőĳǆåƖĳŜœ΄ƖƂĎåƖőĎœƖƊ΄ĳœ΄�N�¶͙
Acquisition of new PICU infections, duration of PICU stay, duration of mechanical 
ventilatory support, hypoglycemia, duration of treatment with hemodynamic support, 
antibiotics, corticosteroids, opioids, benzodiazepines, hypnotics and alpha-2-agonists.

3) Available 2-years neurocognitive and HRQoL variables:
Age, test location, height, weight, head circumference, composite endpoint “diagnosed 
with a somatic illness”, composite endpoint “diagnosed with a psychiatric illness”, 
composite endpoint “admitted to hospital for a medical or surgical reason”, clinical 
neurological examination, verbal IQ, performance IQ, total IQ, visual motor integration, 
reaction time left hand, reaction time right hand, within subject SD of reaction time 
left hand, within subject SD of reaction time left hand, number of unimanual taps right 
hand, number of unimanual taps left hand, number of valid alternating taps, number 
of valid synchronous taps, delta reaction time inhibition, delta number of errors 
ĳœĮĳĀĳƖĳŜœ͚΄ĈĎŉƖå΄ƂĎåāƖĳŜœ΄ƖĳőĎ΄ǚĎƻĳĀĳŉĳƖƼ͚΄ĈĎŉƖå΄œƞőĀĎƂ΄ŜĦ΄ĎƂƂŜƂƊ΄ǚĎƻĳĀĳŉĳƖƼ͚΄œƞőĀĎƂƊ΄

6
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memory span forward, numbers working memory backward, word pairs learning, 
word pairs immediate memory, word pairs delayed memory, word pairs recognition, 
pictures, dots learning, dots immediate memory, dots delayed memory, learning 
ĳœĈĎƻ͚΄ĎƻĎāƞƖĳƵĎ΄ĦƞœāƖĳŜœĳœħ΄åƊ΄ƂĎſŜƂƖĎĈ΄ĀƼ΄ſåƂĎœƖƊ āͥåƂĎħĳƵĎƂƊ΄ͬĳœĮĳĀĳƖĳŜœ͚΄ǚĎƻĳĀĳŉĳƖƼ͚΄
emotional control, working memory, planning and organization, meta-cognition 
index, and total score), emotional and behavioral problems as reported by parents/
caregivers (internalizing problems, externalizing problems, and total problems). All 
HRQoL outcomes available for all ages, see Table 2. For HRQoL scales validated for a 
ƊſĎāĳǙā΄åħĎͲƂåœħĎ΄ͬħƂŜƶƖĮ΄åœĈ΄ĈĎƵĎŉŜſőĎœƖ͚΄ƖĎőſĎƂåőĎœƖ΄åœĈ΄őŜŜĈƊ͚΄åœĈ΄ħĎƖƖĳœħ΄
along in children aged 3 years or younger, and role functioning emotional/behavioral, 
role functioning physical, mental health, and self-esteem in children who are 4 years 
or older), imputation was performed within these age-ranges only.

1c. List of baseline risk factors for adjusting multivariable analyses
All multivariable analyses were adjusted for the following risk factors: age, center, 
race, gender, geographic origin, language, hand preference, history of malignancy, 
ĈĳåĀĎƖĎƊ͚΄ å΄ ſƂĎĈĎǙœĎĈ΄ ͺƊƼœĈƂŜőĎͻ΄ ͬ�ĈĈĳƖĳŜœåŉ΄ ǙŉĎ΄ ̆Ď͚ͭ΄ åœĈ΄ ƖĮĎ΄ ĎĈƞāåƖĳŜœåŉ΄ åœĈ΄
ŜāāƞſåƖĳŜœåŉ΄ƊƖåƖƞƊ΄ŜĦ΄ſåƂĎœƖƊ΄ͬ�ĈĈĳƖĳŜœåŉ΄ǙŉĎ΄̆Ħͭ͟΄AŜƂ΄ƖĮĎ΄āŜőſåƂĳƊŜœ΄ĀĎƖƶĎĎœ΄aåƖĎ΄
PN and Early PN groups, further adjustment was done for diagnosis and severity of 
illness Pediatric Index of Mortality (PIM3) and Pediatric Logistic Organ Dysfunction 
(PeLOD) upon PICU-admission, risk of malnutrition, and parental smoking behavior 
prior to PICU-admission.

˶ăͩͅaĮƄƍͩŗġͩƄĩŗżƍ͘ƍĉżŌͩĉǌĉüƍƄͩġŗżͩàăľƕƄƍĮŎĢͩŌƕńƍĮƬàżĮàûńĉͩàŎàńƳƄĉƄ
In order to investigate whether any eventual impact of Late PN versus Early PN on 
ƖĮĎ΄ ŉŜœħͲƖĎƂő΄I��Ŝa΄ŜƞƖāŜőĎƊ΄őĳħĮƖ΄ĮåƵĎ΄ĀĎĎœ΄őĎĈĳåƖĎĈ΄ĀƼ΄ ĳƖƊ΄åāƞƖĎ΄ĎǖĎāƖƊ΄
on new PICU-infections and duration of PICU-stay, and thus possibly indirectly 
also number of post-randomization hypoglycemic events or the duration of post-
randomization treatments such as mechanical ventilatory support, hemodynamic 
support, antibiotics, corticosteroids, opioids, benzodiazepines, hypnotics and alpha-
2-agonists, explanatory statistical analyses were performed with further adjustment 
for these treatments.

˶ĉͩͅ$ĉǏŎĮƍĮŗŎͩŗġͩ͟ƄƳŎăżŗŌĉ͠
�΄ſƂĎƂåœĈŜőĳǆåƖĳŜœ΄ƊƼœĈƂŜőĎ΄ŜƂ΄ ĳŉŉœĎƊƊ΄å΄ſƂĳŜƂĳ΄ĈĎǙœĎĈ΄åƊ΄åǖĎāƖĳœħ΄ŜƂ΄ſŜƊƊĳĀŉƼ΄
åǖĎāƖĳœħ΄œĎƞƂŜāŜħœĳƖĳƵĎ΄ĈĎƵĎŉŜſőĎœƖ͚΄åœĈ΄ƶĮĳāĮ΄ ĳƊ΄ƊƞĀĈĳƵĳĈĎĈ΄ ĳœ΄ ƖĮĎ΄ ĦŜŉŉŜƶĳœħ΄
categories:

• BĎœĎƖĳāåŉŉƼ΄āŜœǙƂőĎĈ΄ƊƼœĈƂŜőĎ΄ŜƂ΄ſåƖĮŜħĎœĳā΄āĮƂŜőŜƊŜőåŉ΄åĀœŜƂőåŉĳƖƼ
• �ŉĎåƂŉƼ΄ĈĎǙœĎĈ΄ƊƼœĈƂŜőĎ͚΄åƊƊŜāĳåƖĳŜœ΄ŜƂ΄őåŉĦŜƂőåƖĳŜœ΄ƶĳƖĮŜƞƖ΄ͬĳĈĎœƖĳǙĎĈͭ΄

genetic aberration
• Polymalformative syndrome of unknown etiology
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• �ŉĎåƂ΄åƞĈĳƖŜƂƼ΄ŜƂ΄ƵĳƊƞåŉ΄ĳőſåĳƂőĎœƖ΄ƶĳƖĮŜƞƖ΄ƊſĎāĳǙĎĈ΄ƊƼœĈƂŜőĎ
• Congenital hypothyroidism due to thyroid agenesis
• Brain tumor or tumor with intracranial metastatic disease
• Psychiatric disorder (e.g. autism spectrum disorder, (treatment for) attention 

ĈĎǙāĳƖ΄ĮƼſĎƂåāƖĳƵĳƖƼ΄ĈĳƊŜƂĈĎƂͭ
• Severe medical disorder, not primarily neurologic, but suspected to alter 

psychomotor and/or mental performance
• Severe neonatal problem (e.g. severe asphyxia)
• Severe craniocerebral trauma or near-drowning
• Severe infectious encephalitis or drug-induced encephalopathy
• Infectious meningitis, encephalitis or Guillain-Barré
• Resuscitation and/or need for extracorporeal membrane oxygenation

˶ġͩͅ$ĉǏŎĮƍĮŗŎͩŗġͩĉăƕüàƍĮŗŎàńͩàŎăͩŗüüƕŹàƍĮŗŎàńͩńĉƬĉńͩŗġͩŹàżĉŎƍƄ

Educational level of parents
The education level is the average of the paternal and maternal educational level, 
and calculated based upon the 3-point scale subdivisions as made by the Algemene 
Directie Statistiek (Belgium; statbel.fgov.be/nl/) and the Centraal Bureau voor 
de Statistiek (The Netherlands; statline.cbs.nl): Low (=1), middle (=2) and high (=3) 
educational level.

Occupational level of parents
The occupation level is the average of the paternal and maternal occupation 
level, which is calculated based upon the International Isco System 4-point scale 
ĦŜƂ΄ſƂŜĦĎƊƊĳŜœƊ͟΄ Nœ΄āåƊĎ΄ŜœĎ΄ŜĦ΄ƖĮĎ΄ſåƂĎœƖƊ΄ǙŉŉĎĈ΄ĳœ΄ƖƶŜ΄ŃŜĀƊ΄ ĳœ΄ƖĮĎ΄ƁƞĎƊƖĳŜœœåĳƂĎ͚΄
the highest Isco code level was used. In case “unemployed”, “disabled”, “student”, 
ŜƂ΄ͺĮŜƞƊĎƶĳĦĎͥĮŜƞƊĎőåœͻ΄ƶåƊ΄ǙŉŉĎĈ΄ŜƞƖ͚΄åœ΄NƊāŜ΄āŜĈĎ΄ŉĎƵĎŉ΄ŜĦ΄̆΄ƶåƊ΄ħĳƵĎœ΄ƖŜ΄ƖĮåƖ΄
parent. When the parents described their profession as “employee”, “worker”, “liberal 
profession”, or “retired”, they were given an Isco code level of 2.

6
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�ăăĮƍĮŗŎàńͩǏńĉͩ˷ͩͅ$ĉƍàĮńĉăͩăĉŌŗĢżàŹĩĮüͩĮŎġŗżŌàƍĮŗŎͩżĉĢàżăĮŎĢͩƄŗüĮŗĉüŗŎŗŌĮüͩ
status and diagnostic category

Tested populations Total PICU 
population

Tested post-PICU 
populationa

Healthy 
control 
children
N=405

Post-
PICU 
patients
N=786

Early PN
N=723

Late PN
N=717

Early PN
N=391

Late PN
N=395

Demographics

Socioeconomic status - no. (%)

Occupational level parentsa

Occupational level 1 2 (0.5) 10 (1.3) NA NA 2 (0.5) 8 (2.0)

Occupational level 1.5 25 (6.2) 76 (9.7) NA NA 33 (8.4) 43 (10.9)

Occupational level 2 47 (11.6) 127 (16.2) NA NA 61 (15.6) 66 (16.7)

Occupational level 2.5 26 (6.4) 77 (9.8) NA NA 44 (11.3) 33 (8.4)

Occupational level 3 83 (20.5) 121 (15.4) NA NA 54 (13.8) 67 (17.0)

Occupational level 3.5 40 (9.9) 54 (6.9) NA NA 32 (8.2) 22 (5.6)

Occupational level 4 116 (28.6) 108 (13.7) NA NA 53 (13.6) 55 (13.9)

Occupational level unknown 66 (16.3) 213 (27.1) NA NA 112 (28.6) 101 (25.6)

Patient characteristics upon PICU admission

Diagnostic category - no. (%)

Surgical

Abdominal NA 70 (8.9) 53 (7.3) 60 (8.4) 34 (8.7) 36 (9.1)

Burns NA 2 (0.3) 5 (0.7) 5 (0.7) 1 (0.3) 1 (0.3)

Cardiac NA 339 (43.1) 279 (38.6) 268 (37.4) 173 (44.2) 166 (42.0)

Neurosurgery-Traumatic brain 
injury

NA 71 (9.0) 63 (8.7) 53 (7.4) 39 (10.0) 32 (8.1)

Thoracic NA 42 (5.3) 34 (4.7) 27 (3.8) 23 (5.9) 19 (4.8)

Transplantation NA 14 (1.8) 7 (1.0) 17 (2.4) 4 (1.0) 10 (2.5)

Orthopedic surgery-Trauma NA 23 (2.9) 28 (3.9) 26 (3.6) 14 (3.6) 9 (2.3)

Other NA 27 (3.4) 21 (2.9) 27 (3.8) 10 (2.6) 17 (4.3)

Medical

Cardiac NA 26 (3.3) 30 (4.2) 31 (4.3) 10 (2.6) 16 (4.1)

Gastrointestinal-Hepatic NA 3 (0.4) 2 (0.3) 4 (0.6) 1 (0.3) 2 (0.5)

Oncologic-Hematologic NA 8 (1.0) 8 (1.1) 7 (1.0) 5 (1.3) 3 (0.8)

Neurologic NA 44 (5.6) 51 (7.1) 52 (7.3) 21 (5.4) 23 (5.8)

Renal NA 0 (0.0) 1 (0.1) 1 (0.1) 0 (0.0) 0 (0.0)

Respiratory NA 83 (10.6) 99 (13.7) 96 (13.4) 38 (9.7) 45 (11.4)

Other NA 34 (4.3) 42 (5.8) 43 (6.0) 18 (4.6) 16 (4.1)

a The occupation level is the average of the paternal and maternal occupation level, which is calculated 
ĀåƊĎĈ΄ƞſŜœ΄ƖĮĎ΄NœƖĎƂœåƖĳŜœåŉ΄NƊāŜ΄¢ƼƊƖĎő΄̉ͲſŜĳœƖ΄ƊāåŉĎ΄ĦŜƂ΄ſƂŜĦĎƊƊĳŜœƊ΄ͬ�ĈĈĳƖĳŜœåŉ΄ǙŉĎ΄̆Ħͭ
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Health-related quality of life 2 years after PICU admission

�ă
ăĮ
ƍĮŗ
Ŏà
ńͩǏ
ńĉ
ͩ˸
ͩͅ�
ŗŗ
ńĉ
ăͩ
ƕŎ
ĮƬ
àż
Įà
ûń
ĉͩ
àŎ
àń
ƳƄ
ĉƄ
ͩŗ
ġͩƍ
ĩĉ
ͩă
Įǌ
ĉż
ĉŎ
üĉ
Ƅͩ
ĮŎ
ͩI
��

ŗa
ͩŗ
ƕƍ
üŗ
Ō
ĉƄ
ͩû
ĉƍ
ƭ
ĉĉ
Ŏͩ
Ƅƍ
ƕă
Ƴͩ
Ģż
ŗƕ
ŹƄ

Te
st

ed
 p

op
ul

at
io

ns
Te

st
ed

 p
os

t-
PI

C
U

 p
op

ul
at

io
n

H
RQ

oL
 o

ut
co

m
es

 a
ss

es
se

d 
at

 2
 y

ea
rs

’ f
ol

lo
w

-u
p

k
Ŝ͟
΄ͬμ
ͭ΄å
Ƶå
ĳŉå
Āŉ
Ď΄
Ĉå
Ɩå
΄

ſĎ
Ƃ΄Ŝ
ƞƖ
āŜ
ő
Ď΄
ͬk
Ψ̆
̆̎
̆ͭ

H
ea

lt
hy

 c
on

tr
ol

 
ch

ild
re

n 
N

=4
05

Po
st

-P
IC

U
pa

tie
nt

s 
N

=7
86

p-
va

lu
e

Ea
rl

y 
PN

N
=3

91
La

te
 P

N
N

=3
95

p-
va

lu
e

Pa
re

nt
-r

ep
or

te
d 

H
RQ

oL
 in

 c
hi

ld
re

n 
(IT

Q
O

L 
& 

C
H

Q
-P

F5
0)

Ph
ys

ic
al

 fu
nc

tio
ni

ng
96

0 
(8

1%
)

10
0 

(1
00

-1
00

)
̆̅
̅΄
ͬ̍
̍͟
̎ͯ
̆̅
̅ͭ

<0
.0

01
̆̅
̅΄
ͬ̍
̋͟
̌ͯ
̆̅
̅ͭ

10
0 

(8
9.

4-
10

0)
0.

22

B
od

ily
 p

ai
n

96
7 

(8
1%

)
91

.7
 (8

0-
10

0)
83

.3
 (6

6.
7-

10
0)

<0
.0

01
83

.3
 (6

6.
7-

10
0)

83
.3

 (7
0-

10
0)

0.
65

G
en

er
al

 b
eh

av
io

r
96

7 
(8

1%
)

76
.7

 (6
6.

2-
86

.5
)

70
 (5

6.
5-

83
.3

)
<0

.0
01

70
 (5

5.
8-

81
.2

)
71

.9
 (5

8.
5-

83
.5

)
0.

10

G
en

er
al

 h
ea

lth
96

1 (
81

%
)

86
.3

 (7
5.

8-
93

.3
)

55
 (3

6.
3-

69
.6

)
<0

.0
01

52
.9

 (3
5-

68
.3

)
55

.8
 (3

6.
3-

71
.7

)
0.

33

C
ha

ng
e 

in
 h

ea
lth

96
5 

(8
1%

)
50

 (5
0-

50
)

75
 (5

0-
10

0)
<0

.0
01

75
 (5

0-
10

0)
75

 (5
0-

10
0)

0.
38

Pa
re

nt
al

 im
pa

ct
-e

m
ot

io
na

l
96

4 
(8

1%
)

91
.7

 (8
2.

1-
10

0)
82

.1 
(6

4.
3-

92
.9

)
<0

.0
01

82
.1 

(5
8.

3-
91

.7
)

83
.3

 (6
6.

7-
92

.9
)

0.
11

Pa
re

nt
al

 im
pa

ct
-t

im
e

96
5 

(8
1%

)
10

0 
(8

8.
9-

10
0)

90
.4

8 
(7

6.
2-

10
0)

<0
.0

01
88

.9
 (6

9.
1-

10
0)

90
.5

 (7
7.

8-
10

0)
0.

05

Fa
m

ily
 a

ct
iv

ity
96

0 
(8

1%
)

91
.7

 (7
9.

2-
10

0)
87

.5
 (6

6.
7-

10
0)

<0
.0

01
83

.3
 (6

6.
7-

10
0)

87
.5

 (7
0.

8-
10

0)
0.

08

Fa
m

ily
 c

oh
es

io
n 

a
96

2 
(8

1%
)

85
 (6

0-
85

)
85

 (6
0-

85
)

0.
00

3
85

 (6
0-

85
)

85
 (6

0-
85

)
0.

61

Pa
re

nt
-r

ep
or

te
d 

H
RQ

oL
 in

 c
hi

ld
re

n 
2.

5 
to

 3
 y

ea
rs

 o
nl

y 
(IT

Q
O

L)

Te
m

pe
ra

m
en

t a
nd

 M
oo

ds
54

8 
(8

3%
)

79
.9

 (7
2.

6-
88

.9
)

80
.6

 (7
0.

8-
90

.3
)

0.
50

80
.6

 (7
0.

8-
91

.7
)

80
 (7

0.
8-

88
.9

)
0.

48

G
ro

w
th

 a
nd

 D
ev

el
op

m
en

t
54

7 
(8

3%
)

90
 (7

7.
5-

95
)

77
.5

 (6
7.

5-
90

)
0.

01
76

.3
 (6

0-
89

.4
)

77
.5

 (6
7.

5-
92

.5
)

0.
42

G
et

tin
g 

Al
on

g
54

3 
(8

2%
)

71
.7

 (6
6.

2-
80

)
70

 (5
8.

3-
77

.9
)

0.
18

68
.3

 (5
8.

3-
76

.7
)

70
 (6

0-
78

.3
)

0.
34

Pa
re

nt
-r

ep
or

te
d 

H
RQ

oL
 in

 c
hi

ld
re

n 
ag

ed
 4

-1
8 

ye
ar

s 
on

ly
 (C

H
Q

-P
F5

0)

Ro
le

 fu
nc

tio
ni

ng
 e

m
ot

io
na

l/
be

ha
vi

or
42

5 
(8

0%
)

10
0 

(1
00

-1
00

)
10

0 
(8

9.
9-

10
0)

<0
.0

01
10

0 
(8

8.
9-

10
0)

10
0 

(8
8.

89
-1

00
)

0.
61

Ro
le

 fu
nc

tio
ni

ng
 d

ue
 to

 p
hy

si
ca

l p
ro

bl
em

s
42

4 
(8

0%
)

10
0 

(1
00

-1
00

)
10

0 
(8

3.
3-

10
0)

<0
.0

01
10

0 
(8

3.
3-

10
0)

10
0 

(8
3.

33
-1

00
)

0.
68

M
en

ta
l H

ea
lth

42
5 

(8
0%

)
80

 (7
0-

90
)

75
 (6

0-
85

)
<0

.0
01

75
 (6

0-
85

)
75

 (6
0-

85
)

0.
69

Se
lf-

es
te

em
42

6 
(8

0%
)

79
.2

 (7
5-

95
.8

)
70

.8
3 

(5
8.

3-
83

.3
)

0.
06

70
.8

3 
(5

8.
3-

83
.3

)
75

 (6
2.

5-
87

.5
)

0.
40

Pa
re

nt
-r

ep
or

te
d 

H
RQ

oL
 in

 c
hi

ld
re

n 
(H

U
I2

; s
in

gl
e 

ut
ili

ty
 s

co
re

s)

Se
ns

at
io

n
95

9 
(8

0%
)

1 (
0.

87
-1

)
0.

87
 (0

.8
7-

1)
<0

.0
01

0.
87

 (0
.8

7-
1)

0.
87

 (0
.8

7-
1)

0.
51

M
ob

ili
ty

95
9 

(8
0%

)
1 (

1-
1)

1 (
1-

1)
<0

.0
01

1 (
0.

92
-1

)
1 (

1-
1)

0.
07

Em
ot

io
ns

96
2 

(8
1%

)
0.

86
 (0

.8
6-

1)
0.

86
 (0

.8
6-

1)
0.

00
5

0.
86

 (0
.8

6-
1)

0.
86

 (0
.8

6-
1)

0.
31

C
og

ni
tio

n
95

8 
(8

0%
)

1 (
1-

1)
1 (

1-
1)

<0
.0

01
1 (

1-
1)

1 (
1-

1)
0.

23

6

José_Proefschrift.indd   185José_Proefschrift.indd   185 28/10/2020   16:27:3028/10/2020   16:27:30



186

Chapter 6
�ă
ăĮ
ƍĮŗ
Ŏà
ńͩǏ
ńĉ
ͩ˸
ͩͅ�
ŗŗ
ńĉ
ăͩ
ƕŎ
ĮƬ
àż
Įà
ûń
ĉͩ
àŎ
àń
ƳƄ
ĉƄ
ͩŗ
ġͩƍ
ĩĉ
ͩă
Įǌ
ĉż
ĉŎ
üĉ
Ƅͩ
ĮŎ
ͩI
��

ŗa
ͩŗ
ƕƍ
üŗ
Ō
ĉƄ
ͩû
ĉƍ
ƭ
ĉĉ
Ŏͩ
Ƅƍ
ƕă
Ƴͩ
Ģż
ŗƕ
ŹƄ

Te
st

ed
 p

op
ul

at
io

ns
Te

st
ed

 p
os

t-
PI

C
U

 p
op

ul
at

io
n

H
RQ

oL
 o

ut
co

m
es

 a
ss

es
se

d 
at

 2
 y

ea
rs

’ f
ol

lo
w

-u
p

k
Ŝ͟
΄ͬμ
ͭ΄å
Ƶå
ĳŉå
Āŉ
Ď΄
Ĉå
Ɩå
΄

ſĎ
Ƃ΄Ŝ
ƞƖ
āŜ
ő
Ď΄
ͬk
Ψ̆
̆̎
̆ͭ

H
ea

lt
hy

 c
on

tr
ol

 
ch

ild
re

n 
N

=4
05

Po
st

-P
IC

U
 

pa
tie

nt
s 

N
=7

86
p-

va
lu

e
Ea

rl
y 

PN
N

=3
91

La
te

 P
N

N
=3

95
p-

va
lu

e

Se
lf-

ca
re

96
0 

(8
1%

)
1 (

1-
1)

1 (
0.

85
-1

)
<0

.0
01

1 (
0.

85
-1

)
1 (

0.
85

-1
)

0.
57

Pa
in

96
1 (

81
%

)
1 (

1-
1)

1 (
0.

95
-1

)
<0

.0
01

1 (
0.

95
-1

)
1 (

0.
95

-1
)

0.
43

M
ul

ti-
at

tr
ib

ut
e 

ut
ili

ty
 fu

nc
tio

n 
on

 D
ea

d-
he

al
th

y 
sc

al
e

94
4 

(7
9%

)
0.

93
 (0

.8
8-

1)
0.

87
 (0

.7
6-

0.
93

)
<0

.0
01

0.
85

 (0
.7

6-
0.

93
)

0.
88

 (0
.7

8-
0.

93
)

0.
39

Pa
re

nt
-r

ep
or

te
d 

H
RQ

oL
 in

 c
hi

ld
re

n 
(H

U
I3

; s
in

gl
e 

ut
ili

ty
 s

co
re

s)

V
is

io
n

95
8 

(8
0%

)
1 (

1-
1)

1 (
1-

1)
0.

02
1 (

1-
1)

1 (
1-

1)
0.

57

H
ea

rin
g

96
1 (

81
%

)
1 (

1-
1)

1 (
1-

1)
0.

00
1

1 (
1-

1)
1 (

1-
1)

0.
56

Sp
ee

ch
96

0 
(8

1%
)

1 (
0.

67
-1

)
0.

82
 (0

.6
7-

1)
<0

.0
01

1 (
0.

67
-1

)
0.

82
 (0

.6
7-

1)
0.

63

A
m

bu
la

tio
n

95
9 

(8
0%

)
1 (

1-
1)

1 (
1-

1)
<0

.0
01

1 (
0.

83
-1

)
1 (

1-
1)

0.
05

D
ex

te
rit

y
96

2 
(8

1%
)

1 (
1-

1)
1 (

1-
1)

<0
.0

01
1 (

1-
1)

1 (
1-

1)
0.

18

Em
ot

io
ns

96
2 

(8
1%

)
0.

91
 (0

.9
1-

1)
0.

91
 (0

.9
1-

1)
0.

00
5

0.
91

 (0
.9

1-
1)

0.
91

 (0
.9

1-
1)

0.
31

C
og

ni
tio

n
94

4 
(7

9%
)

1 (
1-

1)
1 (

0.
86

-1
)

<0
.0

01
1 (

0.
86

-1
)

1 (
0.

86
-1

)
0.

53

Pa
in

96
1 (

81
%

)
1 (

1-
1)

1 (
0.

92
-1

)
<0

.0
01

1 (
0.

92
-1

)
1 (

0.
92

-1
)

0.
40

M
ul

ti-
at

tr
ib

ut
e 

ut
ili

ty
 fu

nc
tio

n 
on

 D
ea

d-
he

al
th

y 
sc

al
e

93
1 (

78
%

)
0.

92
 (0

.7
9-

1)
0.

79
 (0

.5
6-

0.
93

)
<0

.0
01

0.
79

 (0
.5

1-
0.

89
)

0.
79

 (0
.5

7-
0.

93
)

0.
36

H
RQ

oL
 o

f p
ar

en
ts

 (S
F-

12
)

Ph
ys

ic
al

 c
om

po
ne

nt
 s

co
re

93
8 

(7
9%

)
55

.9
 (5

2.
6-

57
.8

)
54

.4
 (4

8.
4-

57
.2

)
0.

01
54

.3
 (4

7.9
-5

7.1
)

54
.5

 (4
8.

6-
57

.2
)

0.
20

M
en

ta
l c

om
po

ne
nt

 s
co

re
93

8 
(7

9%
)

55
.4

 (4
8.

3-
60

)
53

.5
 (4

5.
4-

57
.9

)
0.

03
53

.4
 (4

4.
5-

57
.8

)
53

.4
9 

(4
6-

58
.4

)
0.

32

Re
su

lts
 a

re
 t

he
 c

om
bi

ne
d 

nu
m

be
rs

 (%
) o

r 
m

ed
ia

ns
 (I

Q
R)

 f
ro

m
 2

1 
da

ta
se

ts
 g

en
er

at
ed

 b
y 

m
ul

tip
le

 d
at

a 
im

pu
ta

tio
n 

by
 c

ha
in

ed
 e

qu
at

io
ns

 u
nd

er
 a

 ‘m
is

si
ng

 a
t r

an
do

m
’ 

as
su

m
pt

io
n 

fo
r t

he
 7

86
 p

os
t-

PI
C

U
 p

at
ie

nt
s 

an
d 

40
5 

he
al

th
y 

co
nt

ro
l c

hi
ld

re
n.

 p
ͲƵ
åŉ
ƞĎ
Ɗ΄
ƶ
ĎƂ
Ď΄
āŜ
œƊ
ĳĈ
ĎƂ
ĎĈ
΄Ɗ
Ɩå
ƖĳƊ
Ɩĳā
åŉ
ŉƼ
΄Ɗ
ĳħ
œĳ
Ǚā
åœ
Ɩ΄ƶ

ĳƖĮ
΄Ɩƶ

ŜͲ
Ɩå
ĳŉĎ
Ĉ΄

p-
va

lu
es

 o
f l

es
s 

th
an

 .0
5 

in
 

w
hi

ch
 c

as
e 

th
ey

 a
re

 e
xp

re
ss

ed
 in

 b
ol

d.
 A

 h
ig

he
r s

co
re

 re
pr

es
en

ts
 a

 b
et

te
r H

RQ
oL

. F
or

 IT
Q

O
L 

an
d 

C
H

Q
-P

F5
0:

 0
 is

 w
or

st
 p

os
si

bl
e 

he
al

th
 s

ta
te

, 1
00

 is
 b

es
t p

os
si

bl
e 

he
al

th
. 

Fo
r t

he
 H

U
I2

 a
nd

 H
U

I3
: s

co
re

s 
ra

ng
e 

fro
m

 1 
(n

o 
fu

nc
tio

na
l l

im
ita

tio
ns

) t
o 

4,
 5

, a
nd

 6
 (s

ev
er

e 
fu

nc
tio

na
l l

im
ita

tio
ns

) a
nd

 1 
w

ei
gh

te
d 

m
ul

ti-
at

tr
ib

ut
e 

ut
ili

ty
 fu

nc
tio

n 
w

ith
 ra

ng
es

 
ŜĦ
΄ő
ĳœ
ƞƊ
΄̅
̈͟
̋΄
ͬƊ
āŜ
ƂĎ
΄ƶ
ŜƂ
ƊĎ
΄ƖĮ
åœ
΄Ĉ
Ďå
Ĉͭ
΄ƖŜ
΄̆
̅͟
̅΄
ͬſ
ĎƂ
ĦĎ
āƖ
΄Į
Ďå
ŉƖĮ
ͭ͟΄
AŜ
Ƃ΄¢
AͲ
̆̇
͙΄̊
̅΄
ĳƊ
΄å
ƵĎ
Ƃå
ħĎ
΄ƶ
ĳƖĮ
΄¢
$
΄̆
̅͟
΄A
ŜƂ
΄å
΄Ĉ
ĎƊ
āƂ
ĳſ
ƖĳŜ
œ΄
ŜĦ
΄ƖĮ
Ď΄
Ɗƞ
ĀƊ
āå
ŉĎ
Ɗ΄
ƊĎ
Ď΄
åĈ
Ĉĳ
ƖĳŜ
œå
ŉ΄Ǚ
ŉĎ
΄̉
͟΄¢
Ŝő

Ď΄
ſå
ƂĎ
œƖ
Ɗ΄

Ĉĳ
Ĉ΄
œŜ
Ɩ΄ā
Ŝő

ſŉ
ĎƖ
Ď΄
åŉ
ŉ΄Ɓ
ƞĎ
ƊƖ
ĳŜ
œƊ
΄Ŝ
Ħ΄å
΄Ĉ
Ŝő

åĳ
œ΄
ƶ
Įĳ
āĮ
΄ƂĎ
Ɗƞ
ŉƖĎ
Ĉ΄
ĳœ
΄Ĉ
ĳǖ
ĎƂ
Ďœ
āĎ
Ɗ΄
ĀĎ
Ɩƶ
ĎĎ
œ΄
Ɗå
ő
ſŉ
Ď΄
Ɗĳ
ǆĎ
Ɗ΄
Ŝœ
΄ƖĮ
Ď΄
Ɗƞ
ĀƊ
āå
ŉĎ
Ɗ͟

a 
M

ed
ia

ns
 a

re
 re

po
rt

ed
 a

nd
 a

re
 s

im
ila

r i
n 

th
e 

gr
ou

ps
, m

ea
ns

 o
f t

he
 m

ed
ia

ns
 a

re
 a

s 
fo

llo
w

s: 
he

al
th

y 
co

nt
ro

l c
hi

ld
re

n 
85

, p
os

t-
PI

C
U

 p
at

ie
nt

s 
77

.3
, E

ar
ly

 P
N

 7
7.9

, L
at

e 
PN

 7
6.

7
�
ĀĀ
ƂĎ
Ƶĳ
åƖ
ĳŜ
œƊ
͙΄I
��

Ŝa
͚΄I
Ďå
ŉƖĮ
΄ƂĎ
ŉå
ƖĎ
Ĉ΄
Ɓƞ
åŉ
ĳƖƼ
΄Ŝ
Ħ΄ŉ
ĳĦĎ
ͤ΄�
k
͚΄ſ
åƂ
Ďœ
ƖĎ
Ƃå
ŉ΄œ
ƞƖ
ƂĳƖ
ĳŜ
œͤ
΄�
N͚΄
āŜ
œǙ
ĈĎ
œā
Ď΄
ĳœ
ƖĎ
ƂƵ
åŉ
ͤ΄�
N�
¶
͚΄ſ
ĎĈ
ĳå
ƖƂ
ĳā
΄ĳœ
ƖĎ
œƊ
ĳƵ
Ď΄
āå
ƂĎ
΄ƞ
œĳ
Ɩͤ΄
N¯
�
t
a͚
΄ĳœ
Ħå
œƖ
΄ƖŜ
ĈĈ
ŉĎ
Ƃ΄Ɓ
ƞå
ŉĳƖ
Ƽ΄
ŜĦ
΄ŉĳ
ĦĎ
΄

qu
es

tio
nn

ai
re

; C
H

Q
-P

F5
0,

 C
hi

ld
 H

ea
lth

 Q
ue

st
io

nn
ai

re
 - 

Pa
re

nt
 F

or
m

 5
0;

 H
U

I, 
he

al
th

y 
ut

ili
ty

 in
de

x;
 S

F-
12

, s
ho

rt
 fo

rm
 1

2

José_Proefschrift.indd   186José_Proefschrift.indd   186 28/10/2020   16:27:3028/10/2020   16:27:30



187

Health-related quality of life 2 years after PICU admission

�ăăĮƍĮŗŎàńͩǏńĉͩ˹ͩͅ¡ĉŎƄĮƍĮƬĮƍƳͩàŎàńƳƄĉƄͩŗġͩ¡A͘˶˷ͩŗƕƍüŗŌĉƄͩŗġͩŹàżĉŎƍƄͩƭĩŗͩĩàƬĉͩŗŎńƳͩ
one child in the study
kΨ΄̆̆̆΄ſåƂĎœƖƊ΄ǙŉŉĎĈ΄ĳœ΄ƖĮĎ΄¢Ă̇΄ƂĎħåƂĈĳœħ΄ƖĮĎőƊĎŉƵĎƊ΄őŜƂĎ΄ƖĮåœ΄ŜœĎ΄ƖĳőĎ΄ĀĎāåƞƊĎ΄
they had 2 or more children participating in the follow-up study. Sensitivity analyses 
ƶĎƂĎ΄ĈŜœĎ΄ƶĳƖĮŜƞƖ΄ƖĮĎ΄ĈåƖå΄ŜĦ΄ƖĮĎƊĎ΄ſåƂĎœƖƊ΄ͬœΨ̇̊̆΄ƂĎāŜƂĈƊͭ΄ƖŜ΄ĎƻſŉŜƂĎ΄ĈĳǖĎƂĎœāĎƊ΄
between patients and healthy control children for parents’ own HRQoL. Three imputed 
datasets were randomly chosen from the 21 imputed datasets (dataset 1, 4, and 14). 
�Ɗ΄ƊĮŜƶœ΄ĀĎŉŜƶ͚΄ĈĳǖĎƂĎœāĎƊ΄ĀĎƖƶĎĎœ΄ſåƖĳĎœƖƊ΄åœĈ΄āŜœƖƂŜŉƊ΄ƂĎőåĳœĎĈ΄ƊƖåƖĳƊƖĳāåŉŉƼ΄
ƊĳħœĳǙāåœƖ΄åĦƖĎƂ΄ĎƻāŉƞĈĳœħ΄ſåƂĎœƖƊ΄ƶĳƖĮ΄̇΄ŜƂ΄őŜƂĎ΄āĮĳŉĈƂĎœ΄ĳœ΄ƖĮĎ΄ĦŜŉŉŜƶͲƞſ΄ƊƖƞĈƼ͟

Dataset 1:

N Mean Std. 
Deviation

Std. 
Error

̎̊μ΄�ŜœǙĈĎœāĎ΄
Interval for Mean

Minimum Maximum

Lower 
Bound

Upper 
Bound

SF12-Physical 
component score

Control 255 53,22 7,94 ,50 52,24 54,20 19,48 65,73

Patient 704 49,91 10,42 ,39 49,14 50,68 14,79 68,47

SF12-Mental 
component score

Control 255 53,03 9,77 ,61 51,82 54,23 19,47 68,78

Patient 704 49,61 10,57 ,40 48,83 50,39 13,15 73,48

Abbreviations: Std. Deviation, Standard Deviation; Std. Error, Standard Error; SF-12, Short Form 12
͕΄p-value= <.001

Dataset 4:

N Mean Std. 
Deviation

Std. 
Error

̎̊μ΄�ŜœǙĈĎœāĎ΄
Interval for Mean

Minimum Maximum

Lower 
Bound

Upper 
Bound

SF12-Mental 
component score

Control 255 52,63 9,44 ,59 51,47 53,80 15,87 65,73

Patient 704 47,70 12,61 ,48 46,77 48,64 14,79 68,47

SF12-Mental 
component score

Control 255 53,57 9,50 ,59 52,40 54,74 19,47 68,78

Patient 704 51,31 9,98 ,38 50,57 52,04 13,15 73,48

Abbreviations: Std. Deviation, Standard Deviation; Std. Error, Standard Error; SF-12, Short Form 12
͕΄p-value= <.001
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Dataset 14:

N Mean Std. 
Deviation

Std. 
Error

̎̊μ΄�ŜœǙĈĎœāĎ΄
Interval for Mean

Minimum Maximum

Lower 
Bound

Upper 
Bound

SF12-Mental 
component score

Control 255 52,91 8,45 ,53 51,87 53,96 15,87 65,73

Patient 704 49,52 10,69 ,40 48,73 50,31 14,79 68,47

SF12-Mental 
component score

Control 255 52,14 10,47 ,66 50,84 53,43 19,47 68,78

Patient 704 48,73 11,06 ,42 47,91 49,55 13,15 73,48

Abbreviations: Std. Deviation, Standard Deviation; Std. Error, Standard Error; SF-12, Short Form 12
͕΄p-value= <.001
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Health-related quality of life 2 years after PICU admission

�ăăĮƍĮŗŎàńͩǏńĉͩ˺ͩͅ¡üàńĉƄͩàŎăͩƄüŗżĉͩĮŎƍĉżŹżĉƍàƍĮŗŎͩŗġͩƍĩĉͩŻƕĉƄƍĮŗŎŎàĮżĉƄ

Table 5a.΄N¯�ta΄ƊāåŉĎƊ΄åœĈ΄ƊāŜƂĎ΄ĳœƖĎƂſƂĎƖåƖĳŜœ͕

Scale Description low score Description high score

Physical 
functioning (PF)

Child is considerably limited in 
performing physical activities such as 
eating, sleeping, grasping, and playing 
due to health problems

Child performs all types of physical 
activities such as eating, sleeping, 
grasping, and playing without limitations 
due to health problems

Growth and 
development 
(GD)

�åƂĎœƖ΄ĳƊ΄ƵĎƂƼ΄ĈĳƊƊåƖĳƊǙĎĈ΄ƶĳƖĮ΄
development (physical growth, 
motor, language, cognitive), habits 
(eating, feeding, sleeping) and overall 
temperament

�åƂĎœƖ΄ĳƊ΄ƵĎƂƼ΄ƊåƖĳƊǙĎĈ΄ƶĳƖĮ΄ĈĎƵĎŉŜſőĎœƖ΄
(physical growth, motor, language, 
cognitive), habits (eating, feeding, 
sleeping) and overall temperament

Bodily pain (BP) Child has extremely severe, frequent and 
limiting bodily pain/discomfort

Child has no pain or limitations due to 
pain/discomfort

Temperament 
and moods (TM)

Child very often has certain moods 
and temperaments, such as sleeping/
ĎåƖĳœħ΄ĈĳǗāƞŉƖĳĎƊ͚΄āƂåœņĳœĎƊƊ͚΄ĦƞƊƊĳœĎƊƊ΄
unresponsiveness and lack of playfulness 
and alertness

Child never has certain moods and 
temperaments, such as sleeping/
ĎåƖĳœħ΄ĈĳǗāƞŉƖĳĎƊ͚΄āƂåœņĳœĎƊƊ͚΄ĦƞƊƊĳœĎƊƊ΄
unresponsiveness and lack of 
playfulness and alertness

General 
behavior (BE)

Parent believes child’s behavior is poor 
and likely to get worse

Parent believes child’s behavior is 
excellent and will continue as such

Getting along 
(GA)

Child very often exhibits behavioral 
problems, such as not following 
directions, hitting, biting others, throwing 
tantrums, and being easily distracted, 
while positive behavior, such as ability to 
cooperate, to appear sorry, and to adjust 
to new situations is seldom shown

Child never exhibits behavioral 
problems, such as not following 
directions, hitting, biting others, throwing 
tantrums, and being easily distracted, 
while positive behavior, such as ability to 
cooperate, to appear sorry, and to adjust 
to new situations is frequently shown

General health 
perceptions (GH)

Parent believes child’s health is poor and 
likely to get worse

Parent believes child’s health is excellent 
and will continue as such

Parental impact: 
emotional (PE)

Parent experiences a great deal of 
emotional worry/concern as a result 
of child’s physical and/or psychosocial 
health and/or growth and development

Parent doesn’t experience feelings of 
emotional worry/concern as a result 
of child’s physical and/or psychosocial 
health and/or growth and development

Parental impact: 
time (PT)

Parent experiences a lot of limitations in 
time avail-able for personal needs due 
to child’s physical and/or psychosocial 
health and/or growth and development

Parent doesn’t experience limitations in 
time avail-able for personal needs due 
to child’s physical and/or psychosocial 
health and/or growth and development

Family activities 
(FA)

The child’s health and/or growth and 
development very often limits and 
interrupts family activities or is a source of 
family tension

The child’s health and/or growth and 
development never limits and interrupts 
family activities or is a source of family 
tension

Family cohesion 
(FC)

Family’s ability to get along is rated as 
‘poor’

Family’s ability to get along is rated as 
‘excellent’

Change in health 
(CH)

Child’s health is much worse now than 1 
year ago

Child’s health is much better now than 1 
year ago

͕΄�ĳƖĎĈ΄ĀƼ΄ͺ¯ĮĎ΄N¯�taͥ�I�΄ƞƊĎƂͽƊ΄őåœƞåŉͻ5
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Table 5b. �I�Ͳ�Å̅΄ƊƞſſŉĎőĎœƖåƂƼ΄ƊāåŉĎƊ΄ŜĦ΄ƖĮĎ΄�I�Ͳ�Å̅΄åœĈ΄ƊāŜƂĎ΄ĳœƖĎƂſƂĎƖåƖĳŜœ͕

Scale Description low score Description high score

Role functioning: 
Emotional / 
Behavior (REB)

Child is limited a lot in school work 
or activities with friends as a result of 
emotional or behavior problems

Child has no limitations in schoolwork 
or activities with friends as a result of 
emotional or behavior problems

Role functioning: 
Physical (RF)

Child is limited a lot in school work 
or activities with friends as a result of 
physical health

Child has no limitations in schoolwork 
or activities with friends as a result of 
physical health

Mental health 
(MH)

Child has feelings of anxiety and 
depression all of the time

Child feels peaceful, happy and calm all 
of the time

Self-esteem (SE) �ĮĳŉĈ΄ĳƊ΄ƵĎƂƼ΄ĈĳƊƊåƖĳƊǙĎĈ΄ƶĳƖĮ΄åĀĳŉĳƖĳĎƊ͚΄
looks, family/peer relationships and life 
overall

�ĮĳŉĈ΄ĳƊ΄ƵĎƂƼ΄ƊåƖĳƊǙĎĈ΄ƶĳƖĮ΄åĀĳŉĳƖĳĎƊ͚΄ŉŜŜņƊ͚΄
family/peer relationships and life overall

͕΄�ĳƖĎĈ΄ĀƼ΄ͺ¯ĮĎ΄N¯�taͥ�I�΄ƞƊĎƂͽƊ΄őåœƞåŉͻ5
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Abstract

Background The PEPaNIC randomized controlled trial, which recruited 1440 critically 
ĳŉŉ΄ĳœĦåœƖƊ΄åœĈ΄āĮĳŉĈƂĎœ΄ĳœ΄͚̇̅̆̇ͯ̆̊΄ƊĮŜƶĎĈ΄ƖĮåƖ΄ƶĳƖĮĮŜŉĈĳœħ΄ſåƂĎœƖĎƂåŉ΄œƞƖƂĳƖĳŜœ΄ĦŜƂ΄̆΄
week (late-parenteral nutrition), compared with early supplementation within 24 h of 
admission to the pediatric intensive care unit (early-parenteral nutrition), prevented 
infections, accelerated recovery, and improved neurocognitive development 
assessed 2 years later. Because several neurocognitive domains can only be 
ƖĮŜƂŜƞħĮŉƼ΄åƊƊĎƊƊĎĈ΄ĦƂŜő΄åħĎ΄̉΄ƼĎåƂƊ΄ŜœƶåƂĈƊ͚΄ƶĎ΄åĳőĎĈ΄ƖŜ΄ĈĎƖĎƂőĳœĎ΄ƖĮĎ΄ĎǖĎāƖ΄ŜĦ΄
late-parenteral nutrition versus early-parenteral nutrition on physical, neurocognitive, 
and emotional and behavioral development 4 years after randomization.

Methods This is a preplanned, blinded, 4-year follow-up study of participants included 
in the PEPaNIC trial (done at University Hospitals Leuven, Belgium; Erasmus Medical 
Centre Sophia Children’s Hospital, Rotterdam, Netherlands; and Stollery Children’s 
Hospital, Edmonton, AB, Canada) and of matched healthy children. Studied outcomes 
were anthropometrics; health status; parent-reported or caregiver-reported executive 
functions, and emotional and behavioral problems; and clinical tests for intelligence, 
visual-motor integration, alertness, motor coordination, and memory. Through 
multivariable linear and logistic regression analyses, after imputation for missing 
ƵåŉƞĎƊ΄ͬέ̈̅μͭ΄åœĈ΄åĈŃƞƊƖőĎœƖ΄ĦŜƂ΄ƂĳƊņ΄ĦåāƖŜƂƊ͚΄ƶĎ΄ĳœƵĎƊƖĳħåƖĎĈ΄ƖĮĎ΄ĎǖĎāƖ΄ŜĦ΄ĎåƂŉƼͲ
parenteral nutrition versus late-parenteral nutrition.

Findings Between March 8, 2016, and Nov 8, 2019, 684 children from the original 
PEPaNIC trial (356 from the late parenteral nutrition group and 328 from the early-
parenteral nutrition group) were assessed for neurocognitive development at 4-years 
follow-up. Compared with the control group (369 healthy children), children who had 
critical illness had lower height (EͲĎƊƖĳőåƖĎ΄ͯ̇̆̆͟΄ͪ̎̊μ΄�N΄ͯ̈̆̊͟΄ƖŜ΄ͯ̆̅̋ͫͤ͟΄ſΫ̅̅̅̅̆ͭ͟΄åœĈ΄
ĮĎåĈ΄āĳƂāƞőĦĎƂĎœāĎ΄ͬͯ̅̉̇͟΄ͪͯ̅̋̌͟΄ƖŜ΄ͯ̅̆̍ͫͤ͟΄ſΨ̅̅̅̅̌̌ͭͤ͟΄åœĈ΄ƶŜƂƊĎ΄ĮĎåŉƖĮ΄ƊƖåƖƞƊ΄ͬĎ͟ħ͚͟΄
ĮŜƊſĳƖåŉ΄åĈőĳƊƊĳŜœ΄ŜĈĈƊ΄ƂåƖĳŜ΄̉̇̌͟΄ͪ̎̊μ΄�N΄̈̆̇͟΄ƖŜ΄̊̍̉ͫͤ͟΄ſΫ̅̅̅̅̆͟ ͚ͭ΄œĎƞƂŜāŜħœĳƖĳƵĎ΄ͬĎ͟ħ͚͟΄
parent-reported or caregiver-reported total executive functioning EͲĎƊƖĳőåƖĎ΄̈ ̊̌͟΄ͪ ̎̊μ΄
�N΄̆̎̊͟΄ƖŜ΄͚̊̆̍ͫ͟΄ſΫ̅̅̅̅̆ͤ͟΄ƖŜƖåŉ΄ĳœƖĎŉŉĳħĎœāĎ΄ƁƞŜƖĳĎœƖ΄ͯ̌ ̈̊͟΄ͪͯ̎̈̆͟΄ƖŜ΄͚ͯ̊̈̎ͫ͟΄ſΫ͚̅̅̅̅̆ͭ͟΄
and parent-reported or caregiver-reported emotional and behavioral developmental 
ŜƞƖāŜőĎƊ΄ͬĳœƖĎƂœåŉĳǆĳœħ΄̇̌͟ ̈΄ͪ̆̆̎͟΄ƖŜ΄͚̉̇̍ͫ͟΄ſΨ̅̅̅̅̊̊ͤ͟΄ĎƻƖĎƂœåŉĳǆĳœħ΄̆̋̈͟΄ͪ̅̆̎͟΄ƖŜ΄͚̈̅̍ͫ͟΄
ſΨ̅̅̇̌ͤ͟΄åœĈ΄ƖŜƖåŉ΄ĀĎĮåƵĳŜƂåŉ΄ſƂŜĀŉĎőƊ΄̇̎̊͟΄ͪ̆̉̉͟΄ƖŜ΄͚̉̉̋ͫ͟΄ſΨ̅̅̅̅̆̈͟ ͚ͭ΄åĈŃƞƊƖĎĈ΄ĦŜƂ΄ƂĳƊņ΄
factors. Outcomes were never worse in the late-parenteral nutrition group compared 
with the early-parenteral nutrition group, but patients in the late-parenteral nutrition 
group had fewer parent-reported or caregiver-reported internalizing (EͲĎƊƖĳőåƖĎ΄ͯ ̆̍̍͟΄
ͪ̎̊μ΄�N΄ͯ̈̋̎͟΄ƖŜ΄ͯ̅̅̌ͫͤ͟΄ſΨ̅̅̉̇͟ ͚ͭ΄ĎƻƖĎƂœåŉĳǆĳœħ΄ͬͯ̆̌͟ ̈΄ͪͯ̈̉̈͟΄ƖŜ΄ͯ̅̅̈ͫͤ͟΄ſΨ̅̅̉̋͟ ͚ͭ΄åœĈ΄ƖŜƖåŉ΄
ĎőŜƖĳŜœåŉ΄åœĈ΄ĀĎĮåƵĳŜƂåŉ΄ſƂŜĀŉĎőƊ΄ͬͯ̇̉̉͟΄ͪͯ̉̇̇͟΄ƖŜ΄ͯ̅̋̌ͫͤ͟΄ſΨ̅̅̅̌̅ͭ͟΄ƖĮåœ΄ſåƖĳĎœƖƊ΄
who had received early-parenteral nutrition, after adjusting for risk factors, and were 
œŜ΄ŉŜœħĎƂ΄ĈĳǖĎƂĎœƖ΄ĦƂŜő΄ĮĎåŉƖĮƼ΄āŜœƖƂŜŉƊ΄ĦŜƂ΄ƖĮĎƊĎ΄ŜƞƖāŜőĎƊ͟
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Interpretation Omitting early parenteral nutrition use for critically ill children 
ĈĳĈ΄ œŜƖ΄ åĈƵĎƂƊĎŉƼ΄ åǖĎāƖ΄ ŉŜœħͲƖĎƂő΄ ŜƞƖāŜőĎƊ΄ ̉΄ ƼĎåƂƊ΄ åĦƖĎƂ΄ ƂåœĈŜőĳǆåƖĳŜœ΄ åœĈ΄
protected against emotional and behavioral problems, further supporting the de-
implementation of early parenteral nutrition.

7
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Introduction

Critical illness in children is associated with impaired physical, neurocognitive, 
emotional, and behavioral development, which often persists for years after 
discharge from the pediatric intensive care unit and hospital.1,2 Over the past decade, 
åƵŜĳĈåĀŉĎ΄ ĳœƖĎœƊĳƵĎ΄āåƂĎͲƂĎŉåƖĎĈ΄ ĦåāƖŜƂƊ΄ āŜœƖƂĳĀƞƖĳœħ΄ ƖŜ΄ ƊŜőĎ΄ ŉŜœħͲƖĎƂő΄ĎǖĎāƖƊ΄
ĮåƵĎ΄ĀĎĎœ΄ ĳĈĎœƖĳǙĎĈͤ΄ ƖĮĎƊĎ΄ ĳœāŉƞĈĎ΄ĮƼſĎƂħŉƼāĎőĳå͚΄ſĮƖĮåŉåƖĎƊ΄ ŉĎåāĮĳœħ΄ ĳœƖŜ΄ ƖĮĎ΄
blood from indwelling medical devices, and the use of early-parenteral nutrition.̈ͯ̊ 
The multicenter randomized controlled PEPaNIC trial6 showed that postponing 
parenteral nutrition for 1 week in the pediatric intensive care unit (late-parenteral 
œƞƖƂĳƖĳŜœͭ΄ĮåƊ΄ĀĎœĎǙƖƊ΄ŜƵĎƂ΄ĳœĳƖĳåƖĳœħ΄ſåƂĎœƖĎƂåŉ΄œƞƖƂĳƖĳŜœ΄ƶĳƖĮĳœ΄̇̉΄Į΄åĦƖĎƂ΄åĈőĳƊƊĳŜœ΄ƖŜ΄
ƊƞſſŉĎőĎœƖ ĳ́œƊƞǗāĳĎœƖ΄ĎœƖĎƂåŉ΄œƞƖƂĳƖĳŜœ΄ͬĎåƂŉƼͲſåƂĎœƖĎƂåŉ΄œƞƖƂĳƖĳŜœ͚ͭ΄ƊƞāĮ΄åƊ ĳ́őſƂŜƵĎĈ΄
intensive care outcomes,6 as well as better executive functioning and visual-motor 
integration and reduced externalizing behavioral problems at 2 years after admission 
to the intensive care unit.5 The improvements in neurocognitive development in the 
ŉåƖĎͲſåƂĎœƖĎƂåŉ΄œƞƖƂĳƖĳŜœ΄ħƂŜƞſ΄ƶĎƂĎ΄ĦŜƞœĈ΄ƖŜ΄ĀĎ΄őĎĈĳåƖĎĈ΄ĀƼ΄ƖĮĎ΄ĈĳǖĎƂĎœƖĳåŉ΄$k�΄
methylation status, in particular of 37 CpG sites related to genes involved in brain 
development.7

A methodological limitation of the 2-year follow-up study of the PEPaNIC trial5 was 
the large proportion of patients who were younger than 4 years old when tested 
œĎƞƂŜāŜħœĳƖĳƵĎŉƼ͟΄�ĎāåƞƊĎ΄ŜĦ΄ƂåſĳĈ΄ĀƂåĳœ΄ĈĎƵĎŉŜſőĎœƖ΄ĈƞƂĳœħ΄ƖĮĎ΄ǙƂƊƖ΄ƼĎåƂƊ΄ŜĦ΄ŉĳĦĎ͚΄
assessment of most neurocognitive domains is only possible when the child is 4 years 
of age or older.8,9 As the child develops, impairments in physical or neurocognitive 
domains that were observed at 2 years follow-up could persist or disappear and 
other problems might emerge. Taken together, assessments at a later time point 
after critical illness are of value. We therefore did a 4-year follow-up study of the 
children included in the PEPaNIC trial to assess their health status, neurocognitive 
development, and emotional and behavioral outcomes. We aimed to compare these 
outcomes with data from matched children who had not had a critical illness, and to 
ĳœƵĎƊƖĳħåƖĎ΄ƖĮĎ΄ŉŜœħĎƂ΄ƖĎƂő΄ĎǖĎāƖƊ΄ŜĦ΄ŉåƖĎͲſåƂĎœƖĎƂåŉ΄œƞƖƂĳƖĳŜœ΄āŜőſåƂĎĈ΄ƶĳƖĮ΄ĎåƂŉƼͲ
parenteral nutrition.

Methods
Study design and participants
In the PEPaNIC trial,6 1440 critically ill infants and children admitted to the participating 
pediatric intensive care units at University Hospitals Leuven, Leuven, Belgium; 
Erasmus Medical Centre, Sophia Children’s Hospital, Rotterdam, Netherlands; and 
Stollery Children’s Hospital, Edmonton, AB, Canada were enrolled from 2012 to 2015. 
The study protocol has been published.10 This study represents the preplanned 
4-year follow-up of the original PEPaNIC trial.6
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As described previously,5 during admission to a pediatric intensive care unit, parents 
or legal guardians of the patients provided consent to contact them for long-term 
follow-up testing. First, survival status was assessed by reviewing hospital notes, 
obtained through the national register or through contact with the general practitioner 
or referring pediatrician. After receiving a standardized information letter, survivors 
and parents or caregivers were contacted by telephone to obtain consent for 
scheduling an appointment for the medical and neurocognitive assessment, either 
at the hospital or at the patient’s home. For patients who could not be reached by 
telephone, survival status was reassessed at the end of the study.

For comparison, 369 healthy children, demographically matched to the patients for 
age and sex, were recruited to a control group and underwent identical medical 
and neurocognitive assessment. Alongside unrelated children, healthy siblings and 
relatives of the patients were included to control as much as possible for genetic, 
socioeconomic, and environmental background. Healthy children were only included 
if they had not been previously admitted to a neonatal or pediatric intensive care unit, 
or admitted to hospital with need for an intravenous line for 7 days or more. History 
ŜĦ΄ĳœĀŜƂœ΄āĮƂŜœĳā΄őĎƖåĀŜŉĳā΄ĈĳƊĎåƊĎƊ΄ƂĎƁƞĳƂĳœħ΄å΄ƊſĎāĳǙā΄ĈĳĎƖ͚΄ƊƞāĮ΄åƊ΄ĈĳåĀĎƖĎƊ͚΄åœĈ΄
conditions that require home parenteral nutrition, such as short bowel syndrome, 
were additional exclusion criteria.

�åƂĎœƖƊ͚΄ ŉĎħåŉ΄ ħƞåƂĈĳåœƊ͚΄ ŜƂ΄ ſåƖĳĎœƖƊ΄ ͬĳĦ΄ ƖĮĎƼ΄ ƶĎƂĎ΄ ά̆̍΄ ƼĎåƂƊ΄ ŜŉĈ͚ͭ΄ ħåƵĎ΄ ƶƂĳƖƖĎœ΄
informed consent according to local regulations. The institutional review boards 
at each participating site approved this follow-up study (ML8052; NL49708.078; 
Pro00038098).

Procedures, randomization, and masking
After obtaining informed consent, children in the PEPaNIC trial6 were randomly 
assigned (1:1) to receive Early parenteral nutrition, with parenteral nutrition initiated 
within 24 h of admission to the intensive care unit to supplement enteral nutrition 
whenever 80% of targeted calories per age and weight categories had not been 
reached, or late-parenteral nutrition, which meant that all parenteral nutrition was 
withheld for up to 1 week in the intensive care unit. For the late-parenteral nutrition 
group, this corresponded to no parenteral nutrition in most children. When enteral 
nutrition covered more than 80% of calculated targets, supplemental parenteral 
nutrition was discontinued. Total macronutrient doses administered on each of the 
ǙƂƊƖ΄̌΄ĈåƼƊ΄ŜĦ΄åĈőĳƊƊĳŜœ΄åƂĎ΄ƊĮŜƶœ΄ĳœ΄ƖĮĎ΄åſſĎœĈĳƻ͟΄�ĦƖĎƂ΄̆΄ƶĎĎņ΄ĳœ΄ƖĮĎ΄ſĎĈĳåƖƂĳā΄
intensive care unit, parenteral nutrition could be administered when necessary in both 
groups. Enteral nutrition was initiated early in both groups equally, and all patients 
received intravenous micronutrients until fully enterally fed.

7
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Outcome assessors of the 4-year follow-up study were physicians and experienced 
pediatric psychologists who had not been involved in the management of the patients 
during their stay in the pediatric intensive care unit and who were strictly masked to 
treatment allocation. Parents and caregivers were not masked while the child was 
treated in the pediatric intensive care unit and they were not actively informed about 
the initial PEPaNIC study results or the 2-year outcome results (which only became 
available near the end of the inclusions in the 4-year follow-up study).6

Outcomes
As done in the 2-year follow-up study,5 at 4-year follow-up, head circumference, 
body weight, and height were measured. A clinical neurological examination was 
done to assess gross neurological abnormalities. We used structured interviews with 
the parents or caregivers to assess whether the children had been diagnosed with a 
somatic or psychiatric illness, and whether they had been admitted to a hospital for 
medical or surgical reasons during the past 4 years (for the control group) and during 
the 4 years following admission to the pediatric intensive care unit (for the PEPaNIC 
participants). Neurocognitive testability was determined by screening the medical 
ǙŉĎ΄ŜƂ΄Ŝœ΄āŉĳœĳāåŉ΄ŃƞĈħĎőĎœƖ΄ĀĎĦŜƂĎ΄ƖĮĎ΄ƊƖåƂƖ΄ŜĦ΄ƖĮĎ΄œĎƞƂŜāŜħœĳƖĳƵĎ΄åƊƊĎƊƊőĎœƖ΄ĀƼ΄ƖĮĎ΄
ſĮƼƊĳāĳåœ΄ŜƂ΄ſƊƼāĮŜŉŜħĳƊƖ΄åœĈ΄āŜœǙƂőĎĈ΄ĀƼ΄ƖĮĎ΄ſåƂĎœƖƊ΄ŜƂ΄āåƂĎħĳƵĎƂƊ͟

To score performance for a broad range of neurocognitive functions, validated 
internationally recognized questionnaires and clinical tests with adequate normative 
data were used. Parent-reported questionnaires included the Behavior Rating 
Inventory of Executive Function11,12 (executive functioning, T scores, with mean 50 
and SD 10) and the Child Behavior Checklist13,14 (emotional and behavioral problems, T 
scores, with mean 50 and SD 10). On both questionnaires, higher scores indicate more 
problems. Clinical tests consisted of the age-appropriate versions of the Wechsler 
Intelligence Quotient Scale15-17 (intelligence, standard scores, with mean 100 and SD 15), 
the Beery Developmental Test of Visual-Motor Integration18 (visuomotor integration, 
scaled score, with mean 10 and SD 3), tasks of the Amsterdam Neuropsychological 
Task Battery9 (for children aged 4 years or older), and the Children’s Memory Scale8 (for 
āĮĳŉĈƂĎœ΄åħĎĈ΄̊ͯ̆̋΄ƼĎåƂƊͭ͟΄ å̄ƊņƊ΄ŜĦ΄ƖĮĎ΄�őƊƖĎƂĈåő΄kĎƞƂŜſƊƼāĮŜŉŜħĳāåŉ΄ å̄Ɗņ΄�åƖƖĎƂƼ΄
consisted of Amsterdam Neuropsychological Task Battery-Baseline Speed (alertness 
and reaction time) and Amsterdam Neuropsychological Task Battery-Tapping (motor 
coordination as number of taps). Tasks of the Children’s Memory Scale were Children’s 
Memory Scale-Numbers (verbal short-term memory and working memory, scaled 
scores with mean 10 and SD 3), Children’s Memory Scale-Word Pairs (short-term 
and long-term verbal memory, and recognition, proportion of correct responses 
ranging from 0 to 1), Children’s Memory Scale-Picture Locations (short-term visual 
memory as the proportion of correct responses), and Children’s Memory Scale-Dot 
Locations (short-term and long-term visual memory proportion of correct responses). 
The Children’s Memory Scale-Learning index represents learning abilities of the 
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child (standard score, with mean 100 and SD 15). For the clinical tests, a higher score 
indicates better functioning, with the exception of Amsterdam Neuropsychological 
Task Battery-Baseline Speed. An extended description of the questionnaires and of 
the clinical and neuropsychological test battery is reported in the appendix.

Statistical analysis
For patients in the PEPaNIC trial who were alive and testable 4 years later, we 
estimated a loss to follow-up of about 30%, on the basis of previous studies.3,5 With 
this sample size, we calculated that we would have more than 80% statistical power 
to detect, with a certainty of more than 95%, a minimal clinically relevant four point 
ĈĳǖĎƂĎœāĎ΄ĳœ΄ĳœƖĎŉŉĳħĎœāĎ΄ƁƞŜƖĳĎœƖ΄ͬN�ͭ΄åœĈ΄āŉĳœĳāåŉŉƼ΄ƂĎŉĎƵåœƖ΄ĈĳǖĎƂĎœāĎƊ΄ŜĦ΄å΄őĎĈĳåœ΄
̊̍͟μ΄ͬN��΄̈̍ͯ̍̅ͭ͟͟΄ŜƂ΄őĎåœ΄ŜĦ΄ ̌̋͟μ΄ͬ¢$΄ ̌̎ͭ͟΄ĳœ΄ƖĮĎ΄ŜƖĮĎƂ΄ŜƞƖāŜőĎƊ΄ĀĎƖƶĎĎœ΄ſåƖĳĎœƖƊ΄ĳœ΄
the early-parenteral nutrition and late parenteral nutrition groups, based on previous 
data.3,5 For the healthy control group, a sample size of 369 allows detection, with a 
ſŜƶĎƂ΄ŜĦ΄őŜƂĎ΄ƖĮåœ΄̍̅μ΄åœĈ΄āĎƂƖåĳœƖƼ΄ŜĦ΄őŜƂĎ΄ƖĮåœ΄̎̊μ͚΄ŜĦ΄å΄ĈĳǖĎƂĎœāĎ΄ĳœ΄N�΄ŜĦ΄ĦŜƞƂ΄
ſŜĳœƖƊ΄ƶĳƖĮ΄ƖĮĎ΄ſåƖĳĎœƖƊ΄åœĈ΄őĎĈĳåœ΄ĈĳǖĎƂĎœāĎƊ΄ĀĎƖƶĎĎœ΄ſåƖĳĎœƖƊ΄åœĈ΄ƖĮĎ΄āŜœƖƂŜŉ΄
ħƂŜƞſ΄ŜĦ΄̊̇͟μ΄ͬN��΄̈̊͟ ̌ͯ̈ͭ͟΄åœĈ΄å΄őĎåœ΄ĈĳǖĎƂĎœāĎ΄ŜĦ΄ ̌̎͟μ΄ͬ̆̆̇ͭ͟΄ĳœ΄ƖĮĎ΄ŜƖĮĎƂ΄ŜƞƖāŜőĎƊ΄
that were studied previously.3,5

Inability to fully complete the neurocognitive test battery could indicate poor 
neurocognitive function and thus introduce bias. Similarly to the 2-year follow-up 
study,5 missing values were imputed by chained equations, with use of all available 
data for each individual (see appendix).19΄ NőſƞƖåƖĳŜœ΄ŜĦ΄ĈåƖå΄ĦŜƂ΄åħĎ΄ƊſĎāĳǙā΄ƖĎƊƖƊ΄
was only done within the respective age group. Bias and instability of the imputation 
model was minimized by only including outcomes with no more than 30% missing 
data.19 The number of imputation models was set at 31 to avoid the loss of statistical 
power (see appendix).19

Univariable comparison of the pooled data from the imputed models was done 
with the Fisher exact test, Student t test, or Wilcoxon rank-sum test as appropriate. 
Multivariable linear and logistic regression analyses were done on the 31 imputed 
datasets with the pooled E-estimates or odds ratios reported to investigate the 
ĈĳǖĎƂĎœāĎƊ΄ ĳœ΄ ŜƞƖāŜőĎƊ΄ĀĎƖƶĎĎœ΄ſåƖĳĎœƖƊ΄ åœĈ΄ ĮĎåŉƖĮƼ΄ āŜœƖƂŜŉ΄ āĮĳŉĈƂĎœ͚΄ åœĈ΄ ƖŜ΄
åœåŉƼǆĎ΄ ƖĮĎ΄ ĈĳǖĎƂĎœāĎƊ΄ ĀĎƖƶĎĎœ΄ ƖĮĎ΄ ƖƶŜ΄ ħƂŜƞſƊ΄ ĳœ΄ �*�åkN�͟5 All multivariable 
åœåŉƼƊĎƊ΄åĈŃƞƊƖĎĈ΄ĦŜƂ΄āŜƵåƂĳåƖĎƊ͚΄åƊ΄ſƂĎͲƊſĎāĳǙĎĈ΄ ĳœ΄ ƖĮĎ΄ƊƖåƖĳƊƖĳāåŉ΄åœåŉƼƊĳƊ΄ſŉåœ͚΄
and the analyses were done as reported in the 2-year follow-up study.5,10 For the 
comparison of patients who were critically ill with children in the control group, the 
analyses adjusted for the baseline risk factors, age, treatment center, sex, race, 
ħĎŜħƂåſĮĳā΄ŜƂĳħĳœ͚΄ŉåœħƞåħĎ͚΄ĮåœĈ΄ſƂĎĦĎƂĎœāĎ͚΄ĮĳƊƖŜƂƼ΄ŜĦ΄őåŉĳħœåœāƼ͚΄å΄ſƂĎĈĎǙœĎĈ΄
syndrome (see appendix), and the educational and occupational status of the parents 
and caregivers (see appendix). Additional adjustment for admission diagnosis, severity 
of illness upon pediatric intensive care unit-admission (pediatric index of mortality 

7
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3 and pediatric logistic organ dysfunction scores), risk of malnutrition (Screening 
Tool for Risk On Nutritional Status and Growth), and parental smoking behavior 
before admission to the pediatric intensive care unit was done for the comparison of 
the late-parenteral nutrition group with the early-parenteral nutrition group. Acute 
ĎǖĎāƖƊ΄ŜĦ΄ƖĮĎ΄ƂåœĈŜő΄åŉŉŜāåƖĳŜœ΄Ŝœ΄åāƁƞĳƊĳƖĳŜœ΄ŜĦ΄œĎƶ΄ĳœĦĎāƖĳŜœƊ΄åœĈ΄Ŝœ΄ƖĮĎ΄ĈƞƂåƖĳŜœ΄
of hypoglycemia, ventilatory support, and stay in the pediatric intensive care unit 
āŜƞŉĈ΄ſŜƖĎœƖĳåŉŉƼ΄őĎĈĳåƖĎ΄åœƼ΄ ŉŜœħͲƖĎƂő΄ĎǖĎāƖ΄ åœĈ΄ ƖĮƞƊ΄ ĦƞƂƖĮĎƂ΄ åĈŃƞƊƖőĎœƖ΄ ĦŜƂ΄
these factors was done in the multivariable models. In addition, further adjustment 
was done for other post-randomization treatments that could theoretically play a 
role (duration of hemodynamic support, treatment with antibiotics, corticosteroids, 
opioids, benzodiazepines, hypnotics, and D2-agonists).

Statistical analyses were done with use of R (version 3.5.3), MICE (versions 3.4.0 and 
3.6.0), and JMP (version 14.0.0). Two-sided p-values of 0.05 or less were considered 
ƊƖåƖĳƊƖĳāåŉŉƼ΄ƊĳħœĳǙāåœƖ͟΄�Ɗ΄ƖĮĎ΄ƊƖƞĈĳĎĈ΄ĈĎƵĎŉŜſőĎœƖåŉ΄ŜƞƖāŜőĎƊ΄åƂĎ΄œŜƖ΄ĳœĈĎſĎœĈĎœƖ΄
(see appendix), correction for multiple comparisons was not done.7,20

Results

Of the children included in the original PEPaNIC trial, done between June 18, 2012, 
and July 27, 2015, 71 (10%) of 723 patients in the early-parenteral nutrition group and 
66 (9%) of 717 patients in the late-parenteral nutrition group did not survive to 4 years 
follow-up (p=0.69; Figure 1). For 18 patients survival status was unknown. A total of 247 
patients in the early-parenteral nutrition group and 222 patients in the late-parenteral 
nutrition group survived but declined participation or were not contactable (p=0.47). 
Hence, loss to follow-up was 34% (487 of 1440). At follow-up, 73 (10%) patients in the 
early-parenteral nutrition group and 59 (8%) patients in the late parenteral nutrition 
group were too disabled for neurocognitive testing (p=0.21) and were excluded from 
the analyses. For transparency, any available clinical data or questionnaire results for 
ƖĮĎƊĎ΄ſåƖĳĎœƖƊ΄åƂĎ΄ſƂŜƵĳĈĎĈ΄ĳœ΄ƖĮĎ΄åſſĎœĈĳƻ͚΄ͬſſ΄̆̊ͯ̆̌ͭ͟΄̋̍̉΄ͬ̉̍μͭ΄āĮĳŉĈƂĎœ΄ĦƂŜő΄ƖĮĎ΄
original study and 369 healthy controls underwent neurocognitive testing between 
March 8, 2016, and November 8, 2019, and were included in the imputation models for 
subsequent multivariable analyses. Neurocognitive testing was done at the hospital 
for 442 (65%) children who had been critically ill and 301 (82%) children in the control 
ħƂŜƞſ΄ͬſΫ͚̅̅̅̅̆ͭ͟΄ƶĳƖĮ΄œŜ΄ĈĳǖĎƂĎœāĎƊ΄ĳœ΄ƖĮĎ΄ſŉåāĎ΄ŜĦ΄åƊƊĎƊƊőĎœƖ΄ĀĎƖƶĎĎœ΄ſåƖĳĎœƖƊ΄
in the late-parenteral nutrition and the early-parenteral nutrition groups (p=0.99). 
Demographics and medical characteristics of children who had been critically ill 
and children in the control group are shown in Table 1. Overall, random assignment 
and primary and secondary intensive care outcomes of patients who were tested at 
4-year follow-up were similar to the initial PEPaNIC study population.
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Figure 1. ¢ƖƞĈƼ΄ſƂŜǙŉĎ
PICU: pediatric intensive care unit. STRONGkids: Screening Tool Risk On Nutritional Status and Growth

7
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In univariable and multivariable comparison, at 4-years follow-up children who had 
been critically ill had worse outcomes for height, weight, head circumference, health 
status, clinically assessed neurological functioning, parent-reported or caregiver-
reported executive functioning and emotional and behavioral problems and clinical 
tests for intelligence, visual-motor integration, alertness, motor-coordination, and 
memory than children in the control group (Table 2 and Table 3).

Compared with patients who had been allocated to early parenteral nutrition, 
patients in the late-parenteral nutrition group had similar height, weight, body-mass 
index, and head circumference, and clinically assessed neurological functioning in 
univariable and multivariable analysis (Table 2 and Table 3). In univariable analyses, 
fewer patients in the late parenteral nutrition group were admitted to hospital and 
parents or caregivers of these children reported fewer internalizing, externalizing, and 
ƖŜƖåŉ΄ĎőŜƖĳŜœåŉ΄åœĈ΄ĀĎĮåƵĳŜƂåŉ΄ſƂŜĀŉĎőƊ΄åœĈ΄ĦĎƶĎƂ΄ſƂŜĀŉĎőƊ΄ƂĎħåƂĈĳœħ΄ǚĎƻĳĀĳŉĳƖƼ΄
compared with patients who received early parenteral nutrition (Table 2; Figure 2). 
�ĦƖĎƂ΄åĈŃƞƊƖőĎœƖ΄ĦŜƂ΄ƂĳƊņ΄ĦåāƖŜƂƊ͚΄ƖĮĎ΄ǙœĈĳœħ΄ŜĦ΄ĦĎƶĎƂ΄ĳœƖĎƂœåŉĳǆĳœħ͚΄ĎƻƖĎƂœåŉĳǆĳœħ͚΄åœĈ΄
total emotional and behavioral problems in the late parenteral nutrition group than 
in the early-parenteral nutrition group remained (Table 3; appendix). For internalizing 
and externalizing problems as well as total emotional and behavioral problems, 
āĮĳŉĈƂĎœ΄ĳœ΄ƖĮĎ΄ŉåƖĎ΄ſåƂĎœƖĎƂåŉ΄œƞƖƂĳƖĳŜœ΄ħƂŜƞſ΄ƶĎƂĎ΄œŜƖ΄ĈĳǖĎƂĎœƖ΄ĦƂŜő΄āĮĳŉĈƂĎœ΄ĳœ΄ƖĮĎ΄
control group (appendix).

$ĳǖĎƂĎœāĎƊ΄ĳœ΄ ĳœƖĎœƊĳƵĎ΄āåƂĎ΄ŜƞƖāŜőĎƊ΄ŜĦ΄ƖĮĎ΄ƂåœĈŜőĳǆĎĈ΄ĳœƖĎƂƵĎœƖĳŜœ΄åœĈ΄ŜƖĮĎƂ΄
ſŜƊƖͲƂåœĈŜőĳǆåƖĳŜœ΄ĦåāƖŜƂƊ΄ŜƵĎƂåŉŉ΄ĈĳĈ΄œŜƖ΄Ďƻſŉåĳœ΄ƖĮĎ΄ŜĀƊĎƂƵĎĈ΄ĈĳǖĎƂĎœāĎƊ΄åƖ΄̉ͲƼĎåƂƊ΄
follow-up (appendix). Of note, treatment with benzodiazepines was independently 
associated with worse outcome, whereas D2-agonist treatment was associated with 
better outcome.

Discussion

4 years after critical illness, children were found to still have a disease legacy 
characterized by broad abnormalities in all investigated developmental domains, 
including growth, health status, and neurocognitive, and emotional and behavioral 
ĦƞœāƖĳŜœĳœħ͚΄å΄ǙœĈĳœħ΄ƖĮåƖ΄āŜœǙƂőĎĈ΄ſƂĎƵĳŜƞƊŉƼ΄ƂĎſŜƂƖĎĈ΄ŜĀƊĎƂƵåƖĳŜœƊ͟3 Our results 
ƊĮŜƶ΄ƖĮåƖ΄ŜőĳƊƊĳŜœ΄ŜĦ΄ƊƞſſŉĎőĎœƖåŉ΄ſåƂĎœƖĎƂåŉ΄œƞƖƂĳƖĳŜœ ĳ́œ΄ƖĮĎ΄ǙƂƊƖ΄ƶĎĎņ΄ŜĦ΄ƖĮĎ΄āĮĳŉĈͽƊ΄
time in the intensive care unit did not harm physical and neurocognitive development 
and that these patients had fewer emotional and behavioral problems compared with 
children who received early-parenteral nutrition.
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Neurocognitive functioning 4 years after PICU admission
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Neurocognitive functioning 4 years after PICU admission
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Neurocognitive functioning 4 years after PICU admission
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Neurocognitive functioning 4 years after PICU admission

Figure 2. ¯ĮĎ΄ĎǖĎāƖ΄ŜĦ΄ŉåƖĎͲſåƂĎœƖĎƂåŉ΄œƞƖƂĳƖĳŜœ΄ƵĎƂƊƞƊ΄ĎåƂŉƼ΄ſåƂĎœƖĎƂåŉ΄œƞƖƂĳƖĳŜœ΄Ŝœ΄ƖĮĎ΄ĈĎƵĎŉŜſőĎœƖ΄ŜĦ΄
long-term emotional and behavioral problems
¯ĮĎ΄ǙħƞƂĎ΄ƂĎſƂĎƊĎœƖƊ΄ƖĮĎ΄ĈĎœƊĳƖƼ΄ĎƊƖĳőåƖĎƊ΄ĦŜƂ΄ƖŜƖåŉ΄ĀĎĮåƵĳŜƂåŉ΄åœĈ΄ĎőŜƖĳŜœåŉ΄ſƂŜĀŉĎőƊ΄ƂĎſŜƂƖĎĈ΄ĀƼ΄ſåƂĎœƖƊ΄
or caregivers. Each line corresponds to an imputed dataset. Densities correspond to the proportions of 
children with a certain score (equivalent to a smoothed histogram). Higher scores indicate more total 
behavioral and emotional problems. PN=parenteral nutrition.

�Ɩ΄̉ͲƼĎåƂ΄ĦŜŉŉŜƶͲƞſ͚΄ƖĮĎ΄ŉĎħåāƼ΄ŜĦ΄āƂĳƖĳāåŉ ĳ́ŉŉœĎƊƊ΄åǖĎāƖĎĈ΄åŉŉ΄ĈĎƵĎŉŜſőĎœƖåŉ΄ĈŜőåĳœƊ́͟ ¯ĮĎ΄
extent to which these abnormalities are acquired during intensive care remains debated.22 
However, the developmental legacy documented 4 years after critical illness was found 
to remain present after adjustment for all known baseline risk factors at intensive care unit 
admission. The documented developmental abnormalities are relevant because they are 
known to have direct implications for daily life and hamper future societal perspectives.2,23,24 
Moreover, the developmental impairment after pediatric critical illness is at least as 
pronounced as what has been reported for children who survived canceṙ̊ͯ̇̌΄and for 
children with chronic diseases such as type 1 diabetes and chronic kidney disease.28,29

Of note, the emotional and behavioral problems—such as internalizing, externalizing, 
and other issues—were preventable by omitting the use of early-parenteral nutrition 
in the pediatric intensive care unit. Internalizing problems are evidenced by anxious 
and depressive symptoms, and by social withdrawal,13,14 which are the consequences 
of over-controlling behavior. Externalizing problems are externally directed problems 
ƖĮåƖ΄åǖĎāƖ΄ ƖĮĎ΄ĎœƵĳƂŜœőĎœƖ΄åœĈ΄ĀĎāŜőĎ΄åſſåƂĎœƖ΄ ĳœ΄åħħƂĎƊƊĳƵĎ΄åœĈ΄ĈĎŉĳœƁƞĎœƖ΄
ĀĎĮåƵĳŜƂ͚ ΄ƶĮĳāĮ΄ƂĎƊƞŉƖ΄ĳœ΄āŜœǚĳāƖƊ΄ƶĳƖĮ΄ŜƖĮĎƂƊ͟΄¯ĮĎ΄ƖŜƖåŉ΄ƊāŜƂĎ΄ĦŜƂ΄ƖĮĎ΄ĎőŜƖĳŜœåŉ΄åœĈ΄
behavioral problems includes internalizing and externalizing behavioral problems, 
sleep problems for younger children, and social, thinking, and attention problems 
for older children. Such issues are thought to be in part a consequence of poor 
development of executive functions, such as poor inhibitory control.30,31 This might 
explain why, at 2-year follow-up, we found that not being exposed to early-parenteral 
nutrition predominantly reduced abnormal inhibitory control;5 whereas, 2 years later, 
ƖĮĎ΄ĎǖĎāƖ΄Ŝœ΄ƖĮĎ΄ĎőŜƖĳŜœåŉ΄åœĈ΄ĀĎĮåƵĳŜƂåŉ΄ſƂŜĀŉĎőƊ΄ĀĎāåőĎ΄őŜƂĎ΄åſſåƂĎœƖ͟

The developing brain of children thus appears vulnerable to metabolic insults during 
periods of critical illness. We previously showed that tight glycemic control during 

7
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Chapter 7

intensive care prevented impaired motor coordination 4 years after admission,3 an 
impairment that was less apparent in patients of the PEPaNIC trial, who had received 
at least some form of blood glucose control. In addition to avoiding pronounced 
hyperglycemia, omitting early-parenteral nutrition during critical illness protected the 
normal development of other neurobiological pathways that coordinate emotions and 
behavior. This indicates that the neurocognitive legacy of pediatric critical illness is 
multifactorial, and improvement can only be expected by a stepwise elimination of 
various causal factors. The stepwise elimination of harmful factors will need the support 
of clinical guidelines to help the implementation or de-implementation of certain 
interventions, such as the latest European Society for Pediatric Gastroenterology 
Hepatology and Nutrition, European Society for Clinical Nutrition and Metabolism, 
European Society for Pediatric Research, and Chinese Society of Parenteral and Enteral 
Nutrition joint guidelines on pediatric parenteral nutrition.32 Nevertheless, even though 
ſƂŜħƂĎƊƊ΄ĮåƊ΄ĀĎĎœ΄őåĈĎ͚΄ŜƞƂ΄ǙœĈĳœħƊ΄ƊĮŜƶ΄ƖĮåƖ΄āĮĳŉĈƂĎœ΄ƶĮŜ΄ĮåƵĎ΄ĀĎĎœ΄āƂĳƖĳāåŉŉƼ΄ĳŉŉ΄
clearly still face important developmental problems. Thus, the setting up of a structured 
post critical illness follow-up consultation is necessary for these children, with referral 
to a specialized health-care professional (e.g., clinical psychologist or psychiatrist) who 
can initiate an appropriate intervention when warranted.

This study has some limitations to highlight. First, for the clinical tests that assessed 
ĳœĮĳĀĳƖĳŜœ΄åœĈ΄ǚĎƻĳĀĳŉĳƖƼ͚΄őĳƊƊĳœħ΄ĈåƖå΄ ĦŜƂ΄őŜƂĎ΄ ƖĮåœ΄̈̅μ΄ŜĦ΄ ƖĮĎ΄ſŜſƞŉåƖĳŜœ΄ĈĳĈ΄œŜƖ΄
åŉŉŜƶ΄ĳőſƞƖåƖĳŜœ΄åœĈ΄ƖĮƞƊ΄œŜ΄ĳœĦŜƂőåƖĳŜœ΄Ŝœ΄ĈĳǖĎƂĎœāĎƊ΄ĀĎƖƶĎĎœ΄ƖĮĎ΄ħƂŜƞſƊ΄āŜƞŉĈ΄ĀĎ΄
provided. Second, neuroimaging studies were not done because of ethical and practical 
considerations. Third, we did not correct for multiple comparisons because the studied 
developmental outcomes are not independent, as shown by the correlations in the 
outcomes reported, which makes use of the stringent Bonferroni correction inappropriate. 
�ŉƖĮŜƞħĮ΄ƖĮĎ΄ƂĳƊņ΄ŜĦ Ħ́åŉƊĎͲſŜƊĳƖĳƵĎ΄ǙœĈĳœħƊ΄āåœœŜƖ΄ĀĎ΄āŜőſŉĎƖĎŉƼ΄ĎƻāŉƞĈĎĈ͚΄ƶĎ΄ĈĳĈ΄ǙœĈ΄å΄
ƊĳħœĳǙāåœƖ΄ĎǖĎāƖ΄ŜĦ΄ĎåƂŉƼͲſåƂĎœƖĎƂåŉ΄œƞƖƂĳƖĳŜœ΄ƵĎƂƊƞƊ ŉ́åƖĎͲſåƂĎœƖĎƂåŉ΄œƞƖƂĳƖĳŜœ΄Ŝœ΄āåƂĎħĳƵĎƂͲ
reported emotional and behavioral problems. The strengths of the study include the 
limited loss to follow-up compared with other long-term follow-up studies of children 
with critical illness33,34 and the broad assessment of the physical, neurocognitive, and 
emotional and behavioral development of patients and matched control children.

In conclusion, 4 years after critical illness, an important physical, neurocognitive, and 
emotional and behavioral legacy was reported. The omission of early-parenteral 
nutrition did not harm any of the developmental domains and protected patients 
against parent-reported or caregiver-reported emotional and behavioral problems, 
which were no longer overrepresented in patients in the late parenteral nutrition 
group compared with healthy controls. These data support de-implementation of 
the use of parenteral nutrition early during critical illness in infants and children. The 
ǙœĈĳœħƊ΄åŉƊŜ΄ŜſĎœ΄ſĎƂƊſĎāƖĳƵĎƊ΄ĦŜƂ΄ĦƞƖƞƂĎ ĳ́ĈĎœƖĳǙāåƖĳŜœ΄ŜĦ΄ŜƖĮĎƂ΄őŜĈĳǙåĀŉĎ΄ƂĳƊņ΄ĦåāƖŜƂƊ΄
related to intensive care management.
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Appendix Chapter 7
Methods S1. Detailed description of outcome measures

Medical assessment

Anthropometric data
At the beginning of the follow-up visit, height (in cm), body weight (in kg) and head 
circumference (in cm) were measured.

Health status
In an interview with the parents, the need for medical support of all kind during 
the past two years for healthy control children and during the 4 years following the 
index PICU admission for patients, was recorded. The hospital admissions because 
of surgery or a medical reason, and the occurrence of a psychiatric diagnosis were 
documented.

Clinical neurological examination
In order to assess whether there were gross neurological abnormalities, during a 
structured clinical neurological examination, signs of major neurologic dysfunction 
were detected in the following domains: interaction/language skills, gross motor 
ĦƞœāƖĳŜœ͚΄ ĳœƵŜŉƞœƖåƂƼ΄őŜƵĎőĎœƖƊ͚΄ ƂĎǚĎƻĎƊ͚΄āŜŜƂĈĳœåƖĳŜœ΄åœĈ΄ĀåŉåœāĎ͚΄ǙœĎ΄őŜƖŜƂ΄
function, cranial nerves, and special senses (sensory, visual, and auditory function). 
These were all scored normal or abnormal. An abnormal result for each of these 
domains was given 1 point and the sum was made of all the abnormal results, with 
a range of 0-8.

Neurocognitive testing
A broad range of neurocognitive functions, including general intellectual functioning, 
visual-motor integration, alertness, motor coordination, verbal and visual-spatial 
learning, and memory were evaluated, as previously reported.1

Patient/Parents-reported outcomes (PROs)
Executive functioning was assessed with the Behavior Rating Inventory of Executive 
Function in children aged years 6 months - 5 years 11 months with BRIEF-P, and in 
āĮĳŉĈƂĎœ΄̋ ΄ƼĎåƂƊ΄ͯ ΄̆ ̌΄ƼĎåƂƊ΄̆ ̆΄őŜœƖĮƊ΄ƶĳƖĮ΄��N*A͚ ΄ǙŉŉĎĈ΄ŜƞƖ΄ĀƼ΄ƖĮĎ΄ſåƂĎœƖƊ āͥåƂĎħĳƵĎƂƊ΄ŜĦ΄
the child. Overlapping scales and indices of both questionnaires (Inhibition, Flexibility, 
Emotional Control, Working Memory, Planning and Organization, Meta-cognition) 
and a Total Score were analyzed (T-scores, with mean 50 and SD 10).2,3 Emotional and 
behavioral problems were assessed by the parent/caregiver with the Child behavior 
Checklist (CBCL 1.5-5 years or CBCL 6-18 years).4,5 Internalizing, externalizing, and 
total problems were analyzed (T-scores, with mean 50 and SD 10).4,5

7
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Intelligence
General intellectual ability was assessed with use of age-appropriate versions of 
the Wechsler Intelligence Quotient (IQ) tests. The Wechsler Preschool and Primary 
Scale of Intelligence (WPPSI-III-NL)6΄ƶåƊ΄ƞƊĎĈ΄ĦŜƂ΄āĮĳŉĈƂĎœ΄åħĎĈ΄̈΄ƼĎåƂƊ΄̋΄őŜœƖĮƊ΄ͯ΄̊΄
ƼĎåƂƊ΄̆̆΄őŜœƖĮƊ΄ͬŜœĎ΄ƵĎƂƊĳŜœ΄ĦŜƂ΄åħĎ΄ƂåœħĎ΄̈΄ƼĎåƂƊ΄̋΄őŜœƖĮƊ΄ͯ΄̈΄ƼĎåƂƊ΄̆̆΄őŜœƖĮƊ͚΄åœĈ΄
åœŜƖĮĎƂ΄ƵĎƂƊĳŜœ΄ĦŜƂ΄åħĎ΄ƂåœħĎ΄̉΄ƼĎåƂƊ΄ͯ΄̊΄ƼĎåƂƊ΄̆̆΄őŜœƖĮƊ͚ͭ΄ƖĮĎ΄ÎĎāĮƊŉĎƂ΄NœƖĎŉŉĳħĎœāĎ΄
Scale for Children (WISC-III-NL)7 ƶåƊ΄ƞƊĎĈ΄ĦŜƂ΄āĮĳŉĈƂĎœ΄åħĎĈ΄̋΄ƼĎåƂƊ΄ͯ΄̆̋΄ƼĎåƂƊ΄̆̆΄
months, and the Wechsler Adult Intelligence Scale (WAIS-IVNL) 8 for adolescents 
who were 17 years or older. For all these tests Total IQ, Verbal IQ, and Performance 
IQ scores (standard scores, with mean 100, SD 15) were computed.

Visual-motor integration
We used the Beery Developmental Test of Visual-Motor Integration, 6th Edition (VMI) 
to assess the ability to integrate visual and motor functions (scaled score, with mean 
10 and SD 3). This involves eye-hand coordination.9

Alertness and motor-coordination
To measure alertness and motor coordination, the validated Amsterdam 
Neuropsychological Tasks (ANT) program was used.10 The ANT is a computerized 
assessment battery of reaction time (RT) tasks that allows for the systematic 
evaluation of information processing capacities. Children aged 4 years and older 
performed ANT-Baseline Speed (BS) and ANT-Tapping (TP). The ANT-BS evaluated 
alertness by measuring simple RT to visual stimuli (Z-scores of mean RT and SD 
of RT with mean 0 and SD 1 were obtained for the right and left hand separately). 
The ANT-TP assessed motor coordination for the right hand, left hand, bimanual 
alternating, and bimanual synchronous (number of taps,).

Memory
Auditory/verbal memory and Visual-spatial/non-verbal memory were assessed with 
use of four tests from the Children’s Memory Scale (CMS) for children aged between 
5 and 16 years 11 months.11 As to verbal memory, CMS-Numbers assessed short-term 
verbal memory span (forward digit recall) and verbal working memory load (backward 
digit recall). The CMS-Word Pairs (recall a list of word pairs) assessed short-term and 
long-term verbal memory, and recognition. As to non-verbal memory, CMS-Picture 
Locations (remembering and recall of pictures in various locations) assessed short-
term visual memory. CMS-Dot Locations (remembering and recall of the location of 
dots) assessed short-term and long-term visual memory. For CMS-Numbers, scaled 
scores (with mean 10 and SD 3) for verbal memory span, CMS-numbers forward, and 
verbal working memory load, CMS-numbers backward were reported. For CMS-
Word Pairs, CMS-Picture Locations, and CMS-Dot Locations, proportional scores 
were analyzed (proportion of correct responses ranging from 0 to 1, with higher scores 
ƂĎǚĎāƖĳœħ΄ĀĎƖƖĎƂ΄ſĎƂĦŜƂőåœāĎ ͭ͟΄¯ĮĎ΄�i¢ͲaĎåƂœĳœħ ĳ́œĈĎƻ ĳ́Ɗ΄å΄ƊƖåœĈåƂĈĳǆĎĈ΄ƊāŜƂĎ΄ŜĦ΄ƖĮĎ΄
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sum of the three learning trials of the CMS-Word Pairs and the three learning trials 
of the CMS-Dot Locations subtests. The range of the score is 50-150, with a higher 
score representing a better learning ability.

Methods S2. Imputation
Missing data (excluding the deceased and the severely disabled whereby non-
testable children) were handled by multiple data imputation with chained equations 
under a ‘missing at random’ assumption. There were no missing data in the baseline 
variables. Predictors for missing values included all covariates listed below, and were 
retained in the predictor models with a minimum correlation of 0.1 with the prediction 
target. Predictive mean matching12 was used for numeric variables except for factors 
with two levels (which were imputed based on logistic regression) and factors with 
more than two levels (for which polytomous (unordered) regression was used). A 
monotonous visiting scheme was used such that variables for imputation were visited 
in increasing order of the number of missing data. Imputation convergence was 
assessed visually and set at 100 iterations (Figure S2) 31 complete imputed datasets 
were used in the analyses,13 and pooled results were obtained across datasets using 
Rubin’s rules.14

Plausibility of the imputations was assessed visually via the densities of the observed 
data and that resulting from the imputed values (Figure S3). Sensitivity of results to the 
‘missing at random’ assumption was assessed with use of pattern mixture models14-
16 assuming the original imputed values were either too high by a factor of 0.07 or too 
low by a factor of 0.1 for the main result of total emotional and behavioral problems as 
reported by parents/caregivers. Under this assumption, the obtained beta-estimates 
and p-values for randomization to Late PN vs. Early PN for the multivariable linear 
ƂĎħƂĎƊƊĳŜœ΄åœåŉƼƊĎƊ΄ſĎƂĦŜƂőĎĈ΄ƖŜ΄ĈĎƖĎƂőĳœĎ΄ƊĳħœĳǙāåœƖ΄åœĈ ĳ́œĈĎſĎœĈĎœƖ΄åƊƊŜāĳåƖĳŜœƊ΄
between risk factors and total emotional/behavioral problems as reported by the 
parents/caregivers at 4 years’ follow-up within the tested patient population ranged 
ĦƂŜő΄Ͳ̆̎̍͟΄ͬ�Ψ̅̅̊ͭ͟΄ƖŜ΄Ͳ̆̍̉͟΄ͬ�Ψ̅̅̉ͭ͟͟΄¯ĮĎ΄ĎǖĎāƖͲƊĳǆĎƊ΄ƖĮƞƊ΄ƂĎőåĳœĎĈ΄ŜĦ΄ƖĮĎ΄ƊåőĎ΄ŜƂĈĎƂ΄
ŜĦ΄őåħœĳƖƞĈĎ͚΄Ɗĳħœ͚΄åœĈ΄ƊƖåƖĳƊƖĳāåŉ΄ƊĳħœĳǙāåœāĎ΄åƊ΄ŜĀƊĎƂƵĎĈ΄ĦŜƂ΄ƖĮĎ΄ŜƂĳħĳœåŉ΄ĳőſƞƖĎĈ΄
datasets, which suggested that the analyses were robust against the investigated 
‘missing at random’ violation.

¯Ŝ΄ĦƞƂƖĮĎƂ΄ĎƵåŉƞåƖĎ΄ƖĮĎ΄ƂŜĀƞƊƖœĎƊƊ΄ŜĦ΄ƖĮĎ΄őåĳœ΄ǙœĈĳœħƊ͚΄ƖĮĎ΄åœåŉƼƊĎƊ΄ƶĎƂĎ΄ƂĎſĎåƖĎĈ΄
after imputing a penalized test result for all severely disabled and thus non-testable 
ſåƖĳĎœƖƊ͚΄ĈĎǙœĎĈ΄åƊ΄ƖĮĎ΄ƶŜƂƊƖ΄ƂĎƊƞŉƖ ĳ́œ΄ƖĮĎ΄ŜĀƊĎƂƵĎĈ΄ſåƖĳĎœƖƊ΄ŜƂ΄āŜœƖƂŜŉƊ͚΄ſŉƞƊ΄ŜƂ΄őĳœƞƊ΄
one, as appropriate for each test. In this case, the obtained beta-estimates (p-values) 
for randomization to Late PN vs. Early PN for the multivariable linear regression 
analyses were respectively: A) -1.80 (P=0.05) for internalizing emotional/behavioral 
problems as reported by the parents/caregivers B) -1.62 (P=0.06) for externalizing 
emotional/behavioral problems as reported by the parents/caregivers and C) 

7
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-2.36 (P=0.01) for total emotional/behavioral problems as reported by the parents/
caregivers. These sensitivity analyses corresponded closely to the primary results 
as reported in Table 3 of the main manuscript. All multiple data imputation analyses 
were performed with R version 3.5.3 and MICE versions 3.4.0 and 3.6.0.

List of variables used for multiple data imputation by chained equations

Demographics of patients and control children and patient characteristics upon 
PICU admission
Centre, randomization for Late PN or Early PN, patient vs. controls, race, gender, 
geographic origin, language, hand preference, history of malignancy, history of 
ĈĳåĀĎƖĎƊ͚΄å΄ſƂĎĈĎǙœĎĈ΄ͺƊƼœĈƂŜőĎͻ͚΄ĎĈƞāåƖĳŜœåŉ΄åœĈ΄ŜāāƞſåƖĳŜœåŉ΄ƊƖåƖƞƊ΄ŜĦ΄ſåƂĎœƖƊ͚΄
diagnosis, PIM3 and PeLOD scores upon PICU admission, risk of malnutrition 
(STRONGkids category), parental smoking before, during and after pregnancy, age 
at randomization, age group at randomization.

�āƞƖĎ΄ĎǖĎāƖƊ΄ŜĦ΄ƂåœĈŜőĳǆåƖĳŜœ΄åœĈ΄ſŜƊƖͲƂåœĈŜőĳǆåƖĳŜœ΄ƖƂĎåƖőĎœƖƊ΄ĳœ΄�N�¶
Acquisition of new PICU infections, duration of PICU stay, duration of mechanical 
ventilatory support, hypoglycemia, duration of treatment with hemodynamic support, 
antibiotics, corticosteroids, opioids, benzodiazepines, hypnotics and alpha-2-agonists.

At 4-years’ follow-up
Age, test location, height, weight, head circumference, composite endpoint 
“diagnosed with a somatic illness”, composite endpoint “diagnosed with a psychiatric 
illness”, composite endpoint “admitted to hospital for a medical or surgical reason”, 
clinical neurological examination, verbal IQ, performance IQ, total IQ, visual motor 
integration, Z-score reaction time left hand, Z-score reaction time right hand, Z-score 
within subject SD of reaction time left hand, Z-score within subject SD of reaction 
time left hand, number of unimanual taps right hand, number of unimanual taps left 
hand, number of valid alternating taps, number of valid synchronous taps, numbers 
memory span forward, numbers working memory backward, word pairs learning, 
word pairs immediate memory, word pairs delayed memory, word pairs recognition, 
pictures, dots learning, dots immediate memory, dots delayed memory, learning 
ĳœĈĎƻ͚΄ĎƻĎāƞƖĳƵĎ΄ĦƞœāƖĳŜœĳœħ΄åƊ΄ƂĎſŜƂƖĎĈ΄ĀƼ΄ſåƂĎœƖƊ āͥåƂĎħĳƵĎƂƊ΄ͬĳœĮĳĀĳƖĳŜœ͚΄ǚĎƻĳĀĳŉĳƖƼ͚΄
emotional control, working memory, planning and organization, meta-cognition 
index, and total score), emotional and behavioral problems as reported by parents/
caregivers (internalizing problems, externalizing problems, and total problems).

iĉƍĩŗăƄͩ¡˸ͩͅ $ĉǏŎĮƍĮŗŎͩŗġͩ͟¡ƳŎăżŗŌĉ͠
A pre-randomization syndrome or illness a priori ĈĎǙœĎĈ΄åƊ΄åǖĎāƖĳœħ΄ŜƂ΄ſŜƊƊĳĀŉƼ΄
åǖĎāƖĳœħ΄œĎƞƂŜāŜħœĳƖĳƵĎ
development, and which is subdivided in the following categories:17
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• BĎœĎƖĳāåŉŉƼ΄āŜœǙƂőĎĈ΄ƊƼœĈƂŜőĎ΄ŜƂ΄ſåƖĮŜħĎœĳā΄āĮƂŜőŜƊŜőåŉ΄åĀœŜƂőåŉĳƖƼ
• �ŉĎåƂŉƼ΄ĈĎǙœĎĈ΄ƊƼœĈƂŜőĎ͚΄åƊƊŜāĳåƖĳŜœ΄ŜƂ΄őåŉĦŜƂőåƖĳŜœ΄ƶĳƖĮŜƞƖ΄ͬĳĈĎœƖĳǙĎĈͭ΄

genetic aberration
• Polymalformative syndrome of unknown etiology
• �ŉĎåƂ΄åƞĈĳƖŜƂƼ΄ŜƂ΄ƵĳƊƞåŉ΄ĳőſåĳƂőĎœƖ΄ƶĳƖĮŜƞƖ΄ƊſĎāĳǙĎĈ΄ƊƼœĈƂŜőĎ
• Congenital hypothyroidism due to thyroid agenesis
• Brain tumor or tumor with intracranial metastatic disease
• Pediatric psychiatric disorder (e.g. autism spectrum disorder, (treatment for) 

åƖƖĎœƖĳŜœ΄ĈĎǙāĳƖ΄ĮƼſĎƂåāƖĳƵĳƖƼ
• disorder)
• Severe medical disorder, not primarily neurologic, but suspected to alter 

psychomotor and/or mental
• performance
• Severe neonatal problem (e.g. severe asphyxia)
• Severe craniocerebral trauma or near-drowning
• Severe infectious encephalitis or drug-induced encephalopathy
• Infectious meningitis, encephalitis or Guillain-Barré
• Resuscitation and/or need for extracorporeal membrane oxygenation prior 

to randomization
• Severe convulsions or stroke prior to randomization

iĉƍĩŗăƄͩ¡˹ͩͅ $ĉǏŎĮƍĮŗŎͩŗġͩĉăƕüàƍĮŗŎàńͩàŎăͩŗüüƕŹàƍĮŗŎàńͩńĉƬĉńͩŗġͩŹàżĉŎƍƄ

Educational level of parents17

The education level is the average of the paternal and maternal educational level, 
and calculated based upon the 3-point scale subdivisions as made by the Algemene 
Directie Statistiek (Belgium; statbel.fgov.be/nl/) and the Centraal Bureau voor 
de Statistiek (The Netherlands; statline.cbs.nl): Low (=1), middle (=2) and high (=3) 
educational level.

Occupational level of parents17

The occupation level is the average of the paternal and maternal occupation 
level, which is calculated based upon the International Isco System 4-point scale 
for professions.18΄ Nœ΄āåƊĎ΄ŜœĎ΄ŜĦ΄ƖĮĎ΄ſåƂĎœƖƊ΄ǙŉŉĎĈ΄ĳœ΄ƖƶŜ΄ŃŜĀƊ΄ĳœ΄ƖĮĎ΄ƁƞĎƊƖĳŜœœåĳƂĎ͚΄
the highest Isco code level was used. In case “unemployed”, “disabled”, “student”, 
ŜƂ΄ͺĮŜƞƊĎƶĳĦĎͥĮŜƞƊĎőåœͻ΄ƶåƊ΄ǙŉŉĎĈ΄ ĳœ͚΄åœ΄ NƊāŜ΄āŜĈĎ΄ŉĎƵĎŉ΄ŜĦ΄̆΄ƶåƊ΄ħĳƵĎœ΄ƖŜ΄ƖĮåƖ΄
parent. When the parents described their profession as “employee”, “worker”, “liberal 
profession”, or “retired”, they were given an Isco code level of 2.

7
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Methods S5. Correlation of physical, neurocognitive and psychosocial 
outcomes
We computed a correlation matrix to investigate the univariate association between 
all pairwise combinations of the physical, neurocognitive and psychosocial outcomes 
evaluated at 4-year follow up. In all cases we used a Pearson correlation of pairwise 
complete observations. This correlation matrix was then visualized directly with 
a color-code indicating the sign and strength of the correlation. This analysis was 
performed with the “Corrr” package version 0.4.0. for R version 3.5.3.

Figure S1.΄iåāƂŜœƞƖƂĳĎœƖ΄ĈŜƊĎƊ΄ĈƞƂĳœħ΄ƖĮĎ΄ǙƂƊƖ΄ƶĎĎņ΄ĳœ΄�N�¶΄åĈőĳœĳƊƖĎƂĎĈ΄ƖŜ΄ƖĮĎ΄ƖĎƊƖĎĈ΄ſŜſƞŉåƖĳŜœ
Daily amount of total energy in kcal/kg/day, and the daily amounts of total substrates in g/kg/day are 
shown for
ƖĮĎ΄ǙƂƊƖ΄̌΄ĈåƼƊ ĳ́œ΄ƖĮĎ΄ſĎĈĳåƖƂĳā ĳ́œƖĎœƊĳƵĎ΄āåƂĎ΄ƞœĳƖ΄ͬ�N�¶ͭ͟΄�åƂƊ΄ƂĎſƂĎƊĎœƖ΄ƖĮĎ΄őĎåœ΄åœĈ΄ƖĮĎ΄ƶĮĳƊņĎƂƊ΄ƂĎſƂĎƊĎœƖ
the standard error of the mean (SEM). The red bars represent the Early PN group and the green bars 
represent the
Late PN group.
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Figure S2. Imputation convergence for selected neurocognitive test results
Mean and standard deviation of imputed values in each of 31 datasets over 100 iterations for �ͭ΄Emotional 
and behavioral problems as
reported by parents/caregivers — T-score: Internalizing problems �ͭ΄Externalizing problems �ͭ΄Total 
problems.

7
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Figure S3. Density estimates of the observed and imputed values for selected neurocognitive test results
Density estimated for observed values (in blue) and for each imputed dataset (in orange) for �ͭ΄Emotional 
and behavioral problems as
reported by parents/caregivers — T-score: Internalizing problems �ͭ΄Externalizing problems �ͭ΄Total 
problems.
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Figure S4. Multiple imputation predictor variables
Missing values for the variables in each row are imputed based on models that use as predictors only the 
column variables highlighted in blue. The predictor variables are selected as described in Methods S4.

7
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Figure S5. Correlation plot of physical, neurocognitive and psychosocial outcomes
The correlation matrix shows the correlation between all physical, neurocognitive and emotional/behavioral 
outcomes. Blue shades
represent a positive correlation, red shades represent inverse correlations. Darker colored shading 
represents a stronger correlation. For
the statistical methodology of this matrix, see Methods S5.
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Table S1.1. Demographics and other patient characteristics upon PICU admission, acute outcomes and post-
randomization treatments in the PICU of participating patients who were too disabled for neurocognitive 
testing and those who underwent neurocognitive testing

Participating patients too disabled 
for neurocognitive testing
N=84

Neurocognitively 
tested patients
N=684

p-value

Demographics

Age at 4-years’ follow-up - yr 9.0 (5.6) 7.3 (4.3) 0.008

Sex

Male 49 (58.3%) 393 (57.5%) 0.87

Female 35 (41.7%) 291 (42.5%)

Known non-Caucasian racea 11 (13.1%)  53 (7.8%) 0.09

Known non-European origina 20 (23.8%) 129 (18.9%) 0.27

Known not exclusive Dutch or 
English language

20 (23.8%) 158 (23.1%) 0.88

Socioeconomic status

Educational level parentsb 0.001

Educational level 1 9 (10.7%) 30 (4.4%)

Educational level 1.5 4 (4.8%) 51 (7.5%)

Educational level 2 21 (25.0%) 157 (23.0%)

Educational level 2.5 11 (13.1%) 116 (17.0%)

Educational level 3 10 (11.9%) 183 (26.8%)

Educational level unknown 29 (34.5%) 147 (21.5%)

Occupational level parentsc <0.0001

Occupational level 1 3 (3.6%) 7 (1.0%)

Occupational level 1.5 6 (7.1%) 63 (9.2%)

Occupational level 2 19 (22.6%) 108 (15.8%)

Occupational level 2.5 5 (6.0%) 69 (10.1%)

Occupational level 3 5 (6.0%) 118 (17.3%)

Occupational level 3.5 0 (0.0%) 53 (7.8%)

Occupational level 4 10 (11.9%) 102 (14.9%)

Occupational level unknown 36 (42.9%) 164 (24.0%)

Patient characteristics upon PICU 
admission

Randomization 0.11

Early PN 48 (57.1%) 328 (48.0%)

Late PN 36 (42.9%) 356 (52.1%)

Infant (age<1y) at randomization 36 (42.9%) 331 (48.4%) 0.33

STRONGkids risk leveld 0.15

Medium 71 (84.5%) 613 (89.6%)

High 13 (15.5%) 71 (10.4%)

�Ďat$΄ƊāŜƂĎ͚΄ǙƂƊƖ΄̇̉Į΄ĳœ΄�N�¶΄e 22.8 (12.4) 20.0 (11.6) 0.03

PIM3 scoref -3.0 (1.5) -3.5 (1.4) 0.001

PIM3 probability of death - % g 9.1 (13.6) 6.6 (11.7) 0.001

Diagnostic category <0.0001

7
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Table S1.1. Demographics and other patient characteristics upon PICU admission, acute outcomes and post-
randomization treatments in the PICU of participating patients who were too disabled for neurocognitive 
testing and those who underwent neurocognitive testing

Participating patients too disabled 
for neurocognitive testing
N=84

Neurocognitively 
tested patients
N=684

p-value

Surgical

Abdominal 1 (1.2%) 68 (9.9%)

Burns 0 (0.0%) 3 (0.4%)

Cardiac 28 (33.3%) 291 (42.5%)

Neurosurgery-Traumatic brain 
injury

10 (11.9%) 58 (8.5%)

Thoracic 1 (1.2%) 38 (5.6%)

Transplantation 1 (1.2%)  11 (1.6%)

Orthopedic surgery-Trauma 12 (14.3%) 19 (2.8%)

Other 1 (1.2%) 25 (3.7%)

Medical

Cardiac 0 (0.0%) 23 (3.4%)

Gastrointestinal-Hepatic 2 (2.4%) 2 (0.3%)

Oncologic-Hematologic 0 (0.0%) 6 (0.9%)

Neurologic 9 (10.7%) 42 (6.1%)

Renal 0 (0.0%) 0 (0%)

Respiratory 11 (13.1%) 70 (10.2%)

Other 8 (9.5%) 28 (4.1%)

Malignancy 3 (3.6%) 38 (5.6%) 0.44

Diabetes 0 (0.0%)  0 (0.0%) >0.99

Syndromeh  48 (57.1%)  63 (9.2%) <0.0001

Known parental smoking between 
birth and PICU admission

17 (20.2%) 151 (22.1%) 0.70

�āƞƖĎ΄ĎǖĎāƖƊ΄ŜĦ΄ƂåœĈŜőĳǆåƖĳŜœ΄åœĈ΄ſŜƊƖͲƂåœĈŜőĳǆåƖĳŜœ΄ƖƂĎåƖőĎœƖƊ΄ĳœ΄�N�¶

$ƞƂåƖĳŜœ΄ŜĦ΄ƊƖåƼ΄ĳœ΄ƖĮĎ΄�N�¶΄ͯ΄ĈåƼƊ 7.5 (14.6) 7.8 (16.0) 0.57

Patients who acquired a new 
infection in PICU

10 (11.9) 96 (14.0%) 0.59

Duration of mechanical ventilatory 
ƊƞſſŜƂƖ΄ͯ΄ĈåƼƊ

5.2 (10.8) 5.0 (11.7) 0.72

Number of days with hypoglycemia 
Ϋ̉̅őħͥĈŉ΄ͯ΄ĈåƼƊ

0.2 (0.8) 0.1 (0.5) 0.97

$ƞƂåƖĳŜœ΄ŜĦ΄åœƖĳĀĳŜƖĳā΄ƖƂĎåƖőĎœƖ΄ͯ΄
days

4.9 (9.6) 5.4 (14.2) 0.81

Duration of hemodynamic support 
ͯ΄ĈåƼƊ

1.9 (3.6) 2.7 (7.7) 0.71

Duration of treatment with opioids 
ͯ΄ĈåƼƊ

3.2 (4.5) 5.0 (9.3) 0.01

Duration of treatment with 
ĀĎœǆŜĈĳåǆĎſĳœĎƊ΄ͯ΄ĈåƼƊ

4.2 (10.7) 4.4 (10.2) 0.35

Duration of treatment with hypnotics 
ͯ΄ĈåƼƊ

1.0 (1.9) 1.5 (6.0) 0.79
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Table S1.1. Demographics and other patient characteristics upon PICU admission, acute outcomes and post-
randomization treatments in the PICU of participating patients who were too disabled for neurocognitive 
testing and those who underwent neurocognitive testing

Participating patients too disabled 
for neurocognitive testing
N=84

Neurocognitively 
tested patients
N=684

p-value

Duration of treatment with alpha-2-
åħŜœĳƊƖƊ΄ͯ΄ĈåƼƊ

0.9 (6.6) 1.1 (6.8) 0.22

Duration of treatment with 
corticosteroids - days

1.0 (1.9) 1.2 (3.9) 0.03

Data are n (%) or mean (SD).
å΄ �åƂƖĳāĳſåœƖƊ΄ƶĎƂĎ΄ āŉåƊƊĳǙĎĈ΄ åāāŜƂĈĳœħ΄ ƖŜ΄ ƂåāĎ΄ åœĈ΄ ħĎŜħƂåſĮĳāåŉ΄ ŜƂĳħĳœ΄ ĀƼ΄ ƖĮĎ΄ ĳœƵĎƊƖĳħåƖŜƂƊ͟΄ ¯ĮĎƊĎ΄
āŉåƊƊĳǙāåƖĳŜœƊ΄ƶĎƂĎ΄ſĎƂĦŜƂőĎĈ΄ƖŜ΄āåſƖƞƂĎ΄ĎƖĮœĳāåŉ΄åœĈ΄ƂĎħĳŜœåŉ΄ĈĳǖĎƂĎœāĎƊ ĳ́œ΄ƖĮĎ΄ĦƂĎƁƞĎœāƼ΄ŜĦ΄āŜœƊåœħƞĳœĳƖƼ͚΄
ƶĮĳāĮ΄őåƼ΄åĈƵĎƂƊĎŉƼ΄åǖĎāƖ΄āŜħœĳƖĳƵĎ΄ſĎƂĦŜƂőåœāĎ͟
b The education level is the average of the paternal and maternal educational level, and calculated based 
upon the 3-point scale subdivisions as made by the Algemene Directie Statistiek (Belgium; statbel.fgov.be/
nl/) and the Centraal Bureau voor de Statistiek (The Netherlands; statline.cbs.nl): Low (=1), middle (=2) and 
high (=3) educational level (Methods S4).
c The occupation level is the average of the paternal and maternal occupation level, which is calculated 
based upon the International Isco System 4-point scale for professions (Methods S4).
d Scores on the Screening Tool for Risk on Nutritional Status and Growth (STRONGkids) range from 0 to 5, 
with a score of 0 indicating a low risk of malnutrition, a score of 1 to 3 indicating medium risk, and a score 
of 4 to 5 indicating high risk.19

e Pediatric Logistic Organ Dysfunction (PeLOD) scores range from 0 to 71, with higher scores indicating 
more severe illness.20

f Pediatric Index of Mortality 3 (PIM3) scores, with higher scores indicating a higher risk of mortality.21

g Pediatric Index of Mortality 3 (PIM3) probability of death, ranging from 0% to 100%, with higher percentages 
indicating a higher probability of death in PICU.21

h A pre-randomization syndrome or illness a priori΄ĈĎǙœĎĈ΄åƊ΄åǖĎāƖĳœħ΄ŜƂ΄ſŜƊƊĳĀŉƼ΄åǖĎāƖĳœħ΄œĎƞƂŜāŜħœĳƖĳƵĎ΄
development (Methods S3).
Abbreviations: BMI, body mass index; PeLOD, pediatric logistic organ dysfunction score; PICU, pediatric 
intensive care unit; PIM3, pediatric index of mortality 3 score; PN, parenteral nutrition; SEM, standard error 
of the mean.

7
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Table S1.2. Physical development and parent-reported outcomes at 4 years’ follow-up of participating 
patients who were too disabled for neurocognitive testing and those who underwent neurocognitive testing

Participating patients 
too disabled for 
neurocognitive testing 
N=84

Neurocognitively tested 
patients 

N=684

p-value

kƞőĀĎƂ΄ͬμͭ΄ŜĦ΄
available data 
per outcome

Outcome 
result

kƞőĀĎƂ΄ͬμͭ΄ŜĦ΄
available data 
per outcome

Outcome 
result

Height - cm 77 (91.7%) 118.1 (24.2) 655 (95.8%) 120.9 (23.1) 0.04

Weight - kg 84 (100.0%) 25.6 (14.0) 647 (94.6%) 27.0 (17.1) 0.45

BMI - kg/m2 77 (91.7%) 17.4 (3.7) 646 (94.4%) 16.9 (3.4) 0.13

Head circumference - cm 83 (98.8%) 50.1 (3.7) 649 (94.9%) 51.9 (2.7) <0.0001

Diagnosed with a somatic illness 42 (50.0%) 30 (71.4%) 523 (76.5%) 280 (53.5%) 0.02

Diagnosed with a psychiatric 
illness

76 (90.5%) 11 (14.5%) 609 (89.0%) 53 (8.7%) 0.10

Admitted to hospital for a medical 
or surgical reason

81 (96.4%) 73 (90.1%) 657 (96.1%) 435 (66.2%) <0.0001

Clinical neurological evaluation 
score (range, 0-8)a

57 (67.9%) 4.3 (1.8) 616 (90.1%) 0.6 (1.3) <0.0001

Executive functioning as reported by parents/caregivers - T-scorea

Inhibition 36 (42.9%) 61.8 (14.8) 556 (81.3%) 49.6 (11.8) <0.0001

Flexibility 36 (42.9%) 59.0 (14.8) 557 (81.4%) 49.1 (10.6) <0.0001

Emotional control 36 (42.9%) 56.1 (15.1) 557 (81.4%) 48.9 (10.5) 0.004

Working memory 35 (41.7%) 67.5 (12.4) 557 (81.4%) 51.5 (11.8) <0.0001

Planning and organization 35 (41.7%) 62.0 (17.4) 557 (81.4%) 50.2 (11.2) <0.0001

Meta-cognition index 35 (41.7%) 64.9 (15.7) 556 (81.3%) 50.3 (11.7) <0.0001

Total score 35 (41.7%) 64.1 (16.8) 555 (81.1%) 49.7 (11.8) <0.0001

Emotional and behavioral problems as reported by parents/caregivers - T-scorea

Internalizing problems 44 (52.4%) 55.7 (10.4) 565 (82.6%) 50.4 (11.2) 0.006

Externalizing problems 44 (52.4%) 53.4 (13.0) 565 (82.6%) 48.5 (10.3) 0.02

Total problems 44 (52.4%) 56.6 (12.2) 565 (82.6%) 49.7 (11.0) 0.0007

å΄IĳħĮĎƂ΄ƊāŜƂĎƊ΄ƂĎǚĎāƖ΄ƶŜƂƊĎ΄ſĎƂĦŜƂőåœāĎ͟
Abbreviations: BMI, body mass index; IQ, intelligence quotient; PICU, pediatric intensive care unit; PN, 
parenteral nutrition; SD, standard deviation
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Table S2. Demographics and other patient characteristics upon PICU admission, acute outcomes and post-
randomization treatments in the PICU of patients who were tested and those patients who survived, but 
declined participation or could not be reached.

Patients who survived, but 
declined participation or 
could not be reached
N=469

Neurocognitively 
tested patients

N=684

p-value

Patient characteristics upon PICU admission

Randomization 0.11

Early PN 247 (52.7%) 328 (48.0%)

Late PN 222 (47.3%) 356 (52.1%)

Sex
Male

269 (57.4%) 393 (57.5%) 0.97

Female 200 (42.6%) 291 (42.5%)

Infant (age<1y) at randomization 193 (41.2%) 331 (48.4%) 0.01

STRONGkids risk levela 0.15

Medium 427 (91.0%) 613 (89.6%)

High 42 (9.0%) 71 (10.4%)

�Ďat$΄ƊāŜƂĎ͚΄ǙƂƊƖ΄̇̉Į΄ĳœ΄�N�¶΄b 17.4 (11.6) 20.0 (11.6) 0.0004

PIM3 scorec -3.5 (1.4) -3.5 (1.4) 0.95

PIM3 probability of death - % d 6.5 (11.2) 6.6 (11.7) 0.95

Diagnostic category 0.12

Surgical

Abdominal 40 (8.5%) 68 (9.9%)

Burns 7 (1.5%) 3 (0.4%)

Cardiac 173 (36.9%) 291 (42.5%)

Neurosurgery-Traumatic brain injury 32 (6.8%) 58 (8.5%)

Thoracic 19 (4.1%) 38 (5.6%)

Transplantation 12 (2.6%)  11 (1.6%)

Orthopedic surgery-Trauma 13 (2.8%) 19 (2.8%)

Other 18 (3.8%) 25 (3.7%)

Medical

Cardiac 23 (4.9%) 23 (3.4%)

Gastrointestinal-Hepatic 1 (0.2%) 2 (0.3%)

Oncologic-Hematologic 4 (0.9%) 6 (0.9%)

Neurologic 32 (6.8%) 42 (6.1%)

Renal 1 (0.2%) 0 (0%)

Respiratory 74 (15.8%) 70 (10.2%)

Other 20 (4.3%) 28 (4.1%)

Malignancy 17 (3.6%) 38 (5.6%) 0.15

Diabetes 2 (0.4%)  0 (0.0%) 0.16

Syndromee  66 (14.1%)  63 (9.2%) 0.01

�āƞƖĎ΄ĎǖĎāƖƊ΄ŜĦ΄ƂåœĈŜőĳǆåƖĳŜœ΄åœĈ΄ſŜƊƖͲ
randomization treatments in PICU

$ƞƂåƖĳŜœ΄ŜĦ΄ƊƖåƼ΄ĳœ΄ƖĮĎ΄�N�¶΄ͯ΄ĈåƼƊ 6.1 (8.2) 7.8 (16.0) 0.66
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Table S2. Demographics and other patient characteristics upon PICU admission, acute outcomes and post-
randomization treatments in the PICU of patients who were tested and those patients who survived, but 
declined participation or could not be reached.

Patients who survived, but 
declined participation or 
could not be reached
N=469

Neurocognitively 
tested patients

N=684

p-value

Patients who acquired a new infection in 
PICU

51 (10.9) 96 (14.0%) 0.11

Duration of mechanical ventilatory support 
ͯ΄ĈåƼƊ

4.2 (7.1) 5.0 (11.7) 0.59

Number of days with hypoglycemia <40mg/
Ĉŉ΄ͯ΄ĈåƼƊ

0.8 (0.3) 0.1 (0.5) 0.08

$ƞƂåƖĳŜœ΄ŜĦ΄åœƖĳĀĳŜƖĳā΄ƖƂĎåƖőĎœƖ΄ͯ΄ĈåƼƊ 4.4 (7.4) 5.4 (14.2) 0.70

$ƞƂåƖĳŜœ΄ŜĦ΄ĮĎőŜĈƼœåőĳā΄ƊƞſſŜƂƖ΄ͯ΄ĈåƼƊ 1.8 (3.8) 2.7 (7.7) 0.13

$ƞƂåƖĳŜœ΄ŜĦ΄ƖƂĎåƖőĎœƖ΄ƶĳƖĮ΄ŜſĳŜĳĈƊ΄ͯ΄ĈåƼƊ 4.1 (6.4) 5.0 (9.3) 0.19

Duration of treatment with benzodiazepines 
ͯ΄ĈåƼƊ

3.5 (6.0) 4.4 (10.2) 0.49

$ƞƂåƖĳŜœ΄ŜĦ΄ƖƂĎåƖőĎœƖ΄ƶĳƖĮ΄ĮƼſœŜƖĳāƊ΄ͯ΄ĈåƼƊ 1.3 (2.1) 1.5 (6.0) 0.001

Duration of treatment with alpha-2-agonists 
ͯ΄ĈåƼƊ

0.5 (2.4) 1.1 (6.8) 0.19

Duration of treatment with corticosteroids 
- days

1.2 (3.4) 1.2 (3.9) 0.04

Data are n (%) or mean (SD).
a Scores on the Screening Tool for Risk on Nutritional Status and Growth (STRONGkids) range from 0 to 5, 
with a score of 0 indicating a low risk of malnutrition, a score of 1 to 3 indicating medium risk, and a score 
of 4 to 5 indicating high risk.19

b Pediatric Logistic Organ Dysfunction (PeLOD) scores range from 0 to 71, with higher scores indicating 
more severe illness.20

c Pediatric Index of Mortality 3 (PIM3) scores, with higher scores indicating a higher risk of mortality.21

d Pediatric Index of Mortality 3 (PIM3) probability of death, ranging from 0% to 100%, with higher percentages 
indicating a higher probability of death in PICU.21

e A pre-randomization syndrome or illness a priori΄ĈĎǙœĎĈ΄åƊ΄åǖĎāƖĳœħ΄ŜƂ΄ſŜƊƊĳĀŉƼ΄åǖĎāƖĳœħ΄œĎƞƂŜāŜħœĳƖĳƵĎ΄
development (Methods S3).
Abbreviations: BMI, body mass index; PeLOD, pediatric logistic organ dysfunction score; PICU, pediatric 
intensive care unit; PIM3, pediatric index of mortality 3 score; PN, parenteral nutrition; SEM, standard error 
of the mean.
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Neurocognitive functioning 4 years after PICU admission
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Chapter 7
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Neurocognitive functioning 4 years after PICU admission
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Table S4. Comparison of patients randomized to Late PN during PICU stay with healthy control children for 
ƖĮĎ΄ƖĎƊƖƊ΄ƊĳħœĳǙāåœƖŉƼ΄åǖĎāƖĎĈ΄ĀƼ΄ƖĮĎ΄ƂåœĈŜőĳǆĎĈ΄ĳœƖĎƂƵĎœƖĳŜœ

Neurocognitive testing p-value

Internalizing problems as reported by parents/caregivers 0.103

Externalizing problems as reported by parents/caregivers 0.313

Total behavioral and emotional problems as reported by parents/caregivers 0.085
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Chapter 8

The aim of this thesis was to investigate long-term neurocognitive functioning, and 
HRQoL in critically ill children and their parents, as compared to healthy children. The 
ƊĎāŜœĈ΄åĳő΄ƶåƊ΄ƖŜ΄ĎƻåőĳœĎ΄ƖĮĎ΄ĎǖĎāƖ΄ŜĦ΄ŉåƖĎ΄ſåƂĎœƖĎƂåŉ΄œƞƖƂĳƖĳŜœ΄ͬ�kͭ΄ƵĎƂƊƞƊ΄*åƂŉƼ΄�k΄
during PICU admission on the long-term neurocognitive outcomes, and on HRQoL 
outcomes of the child and parents. Follow-up assessments were six months, two 
years, and four years after participation in the Early versus Late Parenteral Nutrition in 
the Pediatric Intensive Care Unit (PEPaNIC) randomized controlled trial (RCT). To avoid 
repetition of text and to provide a compact overview of the outcomes for patients 
versus healthy controls, and for children allocated to the Late PN versus Early PN 
group (both of tests and parent -reports), results of the outcomes are presented in 
Table 1.

Physical, cognitive, emotional, and social outcomes in 
critically ill children

As a result of the advances in technology, survival rates children admitted to the 
pediatric intensive care unit (PICU) increased substantially and the focus of post-PICU 
research shifted from mortality to impairments after discharge (Chapter 1). After 
å΄�N�¶΄åĈőĳƊƊĳŜœ͚΄āĮĳŉĈƂĎœ΄āåœ΄ĎƻſĎƂĳĎœāĎ΄ĳőſåĳƂőĎœƖƊ΄ĳœ΄ĦŜƞƂ΄ĈĳǖĎƂĎœƖ΄ĈŜőåĳœƊ͙΄
physical, cognitive, emotional, and social functioning, recently described as the post-
intensive care syndrome (PICS).1΄iåœƼ΄ĦåāƖŜƂƊ΄ĳœǚƞĎœāĎ΄ƖĮĎ΄ƂĎāŜƵĎƂƼ΄ƶĳƖĮĳœ΄ƖĮĎƊĎ΄
four domains after PICU admission: pre-existing factors, factors related to the PICU 
admission and post-PICU factors. The recovery from impairments in these domains 
contributes to how children and their families eventually function in daily life, resulting 
in a ‘new normal’.2 This ‘new normal’ can be assessed both objectively by the use of 
(neuro)psychological tests or medical devices, and subjectively through evaluation 
of the outcome by the patient using instruments (often questionnaires) called patient 
reported outcome measurements (PROMs)3 (Chapter 1). In young children who are not 
able to reliably report about their own outcomes, parents and/or caregivers usually 
complete these measurements.

Physical functioning
Physical functioning can be investigated through objective evaluation of the 
clinical status of the child (height, weight, head circumference and neurological 
functioning) and through testing physical condition (e.g. bicycle exercise test). 
¢ƞĀŃĎāƖĳƵĎ΄ĎƵåŉƞåƖĳŜœ΄āåœ΄ĀĎ΄åƊƊĎƊƊĎĈ΄ƞƊĳœħ΄ƁƞĎƊƖĳŜœœåĳƂĎƊ΄ǙŉŉĎĈ΄ŜƞƖ΄ĀƼ΄āĮĳŉĈƂĎœ΄
themselves or by the parents/caregivers. In the four-year follow-up of the PEPaNIC 
trial physical activity of PICU survivors was assessed with a six minute walking test, 
an activity tracker for seven days at home, and muscle strength with a handgrip 
strength meter. However, these data have not been analyzed and reported yet. Other 
outcomes related to physical functioning in critically ill children (height, weight, head 
circumference, health status, and clinically assessed neurological functioning) were 
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worse than healthy in control children two and four years after PICU admission, except 
ĦŜƂ΄ƶĎĳħĮƖ΄ƖĮåƖ΄ƊĮŜƶĎĈ΄œŜ΄ƊĳħœĳǙāåœƖ΄ĈĳǖĎƂĎœāĎƊ΄ĀĎƖƶĎĎœ΄āƂĳƖĳāåŉŉƼ΄ĳŉŉ΄āĮĳŉĈƂĎœ΄åœĈ΄
healthy control children at both time points (Chapter 4 and 7).

The subjective evaluation was assessed with use of parent-reported HRQoL 
measurements six months and two years after PICU admission. Subscales 
related to the physical functioning domain were ‘physical functioning’, ‘growth 
and development’, ‘bodily pain’, and ‘general health perceptions’, ‘role functioning 
physical’, and ‘change in health’. On all these subscales scores were worse than those 
of healthy children six months and two years after PICU admission. The only exception 
was ‘change in health’, which was better for patients (six months and two years after 
�N�¶΄åĈőĳƊƊĳŜœͭ΄āŜőſåƂĎĈ΄ƖŜ΄ĮĎåŉƖĮƼ΄āĮĳŉĈƂĎœ͟΄¯ĮĳƊ΄ǙœĈĳœħ΄ƶåƊ΄åŉƂĎåĈƼ΄ĎƻſĎāƖĎĈ΄
beforehand, as patients were recovering from a life-threatening condition and the 
control group was considered stable with regard to their health. The impairments 
found in physical functioning that remained six months, two years, and four years after 
PICU admission, are in line with previous research in PICU survivors.4,5 A systematic 
review found that these physical impairments decrease over time.5 However, in 
meningococcal diseases survivors it was found that physical impairments, assessed 
with HRQoL measurements, remained after ten years.6 Some studies even suggested 
that physical impairments were more severe and persistent than psychosocial 
impairments over time.4 Our follow-up study only evaluated whether scores were 
ƊƖĳŉŉ΄ŉŜƶĎƂ΄ĳœ΄ſåƖĳĎœƖƊ΄āŜőſåƂĎĈ΄ƖŜ΄ĮĎåŉƖĮƼ΄āŜœƖƂŜŉ΄āĮĳŉĈƂĎœ΄åƖ΄ƖĮĎ΄ĈĳǖĎƂĎœƖ΄ĦŜŉŉŜƶͲƞſ΄
ƖĳőĎ΄ſŜĳœƖƊ͟΄�ĈĈĳƖĳŜœåŉ΄åœåŉƼƊĎƊ΄ŜĦ΄ĈĳǖĎƂĎœāĎƊ΄ĀĎƖƶĎĎœ΄ſåƖĳĎœƖƊ΄ŜƵĎƂ΄ƖĳőĎ΄åœĈ΄ƶĳƖĮ΄
a longer follow-up interval will give information whether the impairments decreased, 
improved or were stable over time in our study sample. Overall it can be concluded 
that children’s physical functioning was impaired both in the short and long term after 
PICU admission, and that the subjective parent-reported evaluation was in line with 
the objective evaluation with regard to problems in growth and development that 
children experience after PICU admission.

Cognitive functioning
Cognitive functioning involves mental processes, which can be assessed objectively 
(e.g. neuropsychological tests for executive functioning), or subjectively (e.g. parent-
reported questionnaires measuring executive functioning).7 In this thesis, cognitive 
functioning was assessed at two-year and four-year follow-up, both objectively and 
subjectively. Results of objective assessment two and four years after PICU admission, 
by neuropsychological test assessment, showed that children surviving the PICU 
obtained worse scores for general intelligence, verbal intelligence, performance 
intelligence, visual-motor integration, alertness, and visual-spatial memory than 
matched healthy control children (Chapter 4 and 7). At the two-year follow-up, 
ſåƖĳĎœƖƊ΄ƶĎƂĎ΄œŜƖ΄ĈĳǖĎƂĎœƖ΄ĦƂŜő΄ĮĎåŉƖĮƼ΄āŜœƖƂŜŉ΄āĮĳŉĈƂĎœ΄ĦŜƂ΄å΄œĎƞƂŜſƊƼāĮŜŉŜħĳāåŉ΄
ƖĎƊƖ΄ĦŜƂ΄ĳœĮĳĀĳƖĳŜœ΄åœĈ΄ǚĎƻĳĀĳŉĳƖƼ΄ͬœŜƖ΄åœåŉƼǆĎĈ΄åƖ΄ĦŜƞƂͲƼĎåƂ΄ĦŜŉŉŜƶͲƞſ΄ĈƞĎ΄ƖŜ΄ƖŜŜ΄őƞāĮ΄

8
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missing data) and for motor coordination (Chapter 4). Interestingly, at four-year follow-
up, motor coordination was lower in patients compared to healthy control children 
(Chapter 7). This suggests that patients can develop impairments when follow-up 
time is longer, a concept that is called ĢżŗƭĮŎĢͩĮŎƍŗͩăĉǏüĮƍ͟΄BƂŜƶĳœħ΄ĳœƖŜ΄ĈĎǙāĳƖ΄őĎåœƊ΄
ƖĮåƖ΄å΄ĈĎǙāĳƖ ĳ́œ΄œĎƞƂŜāŜħœĳƖĳƵĎ΄ĦƞœāƖĳŜœĳœħ΄ƶĳŉŉ ĳ́œāƂĎåƊĎ΄ƶĮĎœ΄őŜƂĎ΄āŜőſŉĎƻ΄ĦƞœāƖĳŜœƊ΄
develop during childhood, and when brain structures necessary for this function 
turn out to be impaired.8΄�ŜƊƊĳĀŉƼ͚΄ħƂŜƶĳœħ΄ĳœƖŜ΄ĈĎǙāĳƖ΄ƶåƊ΄ŜœŉƼ΄åſſŉĳāåĀŉĎ΄ƖŜ΄ĮĳħĮĎƂ΄
neurocognitive functions in the hierarchy,9 since the parts of motor coordination 
(alternating and synchronous motor movements, not left and right hand only) that 
ƊĮŜƶĎĈ΄å΄ŉåƂħĎƂ΄ĈĳǖĎƂĎœāĎ΄åƖ΄ƖĮĎ΄ĦŜƞƂͲƼĎåƂ΄ĦŜŉŉŜƶͲƞſ΄āŜőſåƂĎĈ΄ƖŜ΄ƖĮĎ΄ƖƶŜͲƼĎåƂ΄
follow-up were more complex and required higher cognitive processes of the brain, 
such as planning of movements.10 On the other hand, some test scores that were 
lower in patients versus healthy control children at two-year follow-up, showed no 
ĈĳǖĎƂĎœāĎƊ΄ĀĎƖƶĎĎœ΄ſåƖĳĎœƖƊ΄åœĈ΄āŜœƖƂŜŉƊ΄åƖ΄ĦŜƞƂͲƼĎåƂ΄ĦŜŉŉŜƶͲƞſ͟΄iŜƂĎ΄ƊſĎāĳǙāåŉŉƼ͚΄
scores related to verbal memory. Possibly, the group of patients who became old 
ĎœŜƞħĮ΄ƖŜ΄āŜőſŉĎƖĎ΄ƖĮĎ΄őĎőŜƂƼ΄ƖĎƊƖƊ΄ ͬőĳœĳőƞő΄åħĎ΄ǙƵĎ΄ƼĎåƂƊ͚ͭ΄åœĈ΄ƖĮƞƊ΄ƶĎƂĎ΄
ƼŜƞœħĎƂ΄åƖ΄�N�¶΄åĈőĳƊƊĳŜœ͚΄ĮåƵĎ΄őŜƂĎ΄ĈĳǗāƞŉƖĳĎƊ΄ƶĳƖĮ΄ƵĎƂĀåŉ΄őĎőŜƂƼ΄ƖĮåœ΄āĮĳŉĈƂĎœ΄
ƶĮŜ΄ƶĎƂĎ΄ŜŉĈĎƂ΄åƖ΄�N�¶΄åĈőĳƊƊĳŜœ͟΄¯ĮĳƊ΄ƶåƊ΄ƊƞſſŜƂƖĎĈ΄ĀƼ΄ƖĮĎ΄ǙœĈĳœħƊ΄ƖĮåƖ΄ĳœĦåœƖƊ΄
ƶĎƂĎ΄őŜƊƖ΄ƵƞŉœĎƂåĀŉĎ΄ĦŜƂ΄ƖĮĎ΄åĈƵĎƂƊĎ΄ĎǖĎāƖ΄ŜĦ΄*åƂŉƼ΄�k΄Ŝœ΄ƊƞĀŃĎāƖĳƵĎŉƼ΄őĎåƊƞƂĎĈ΄
neurocognitive functioning at two-year follow-up (Chapter 5). However, the majority 
of infants at time of PICU admission were still not old enough for the memory tests at 
the four-year follow-up. Therefore, again, future research with a longer follow-up time, 
to ascertain that all children are old enough for memory testing, including repeated 
measurements within patients, is needed to give insight in characteristics of patients 
ƶĮŜ΄ƊāŜƂĎ΄ĀĎƖƖĎƂ͚ ΄ƶŜƂƊĎ΄ŜƂ΄ƊĳőĳŉåƂ΄åƖ΄ƖĮĎ΄ĈĳǖĎƂĎœƖ΄ƖĳőĎ΄ſŜĳœƖƊ͟

As to subjective evaluation of neurocognitive functioning, parents completed a 
questionnaire regarding executive functioning, which is a more complex domain in the 
cognitive hierarchy,9 as more regions of the brain are involved in this neurocognitive 
domain.11 Overall, parents reported lower scores for their children than parents of 
healthy control children for subdomains of executive functioning at both two-year 
and four-year follow-up (Chapter 4 and 7 ͭ͟΄�Ɗ΄ƖŜ΄ſƂĎƵĳŜƞƊ΄ƂĎƊĎåƂāĮ ĳ́œƖŜ΄ƖĮĳƊ΄ǙĎŉĈ͚΄ƊĎƵĎœ΄
studies described in our systematic review assessed neurocognitive functioning 
through a subjective evaluation with parent-reported questionnaires (Chapter 2).12-18 
Five of these seven studies used the same questionnaire as in our PEPaNIC follow-
up study, the Behavior Rating Inventory of Executive Function (BRIEF)19,20 to assess 
executive functioning. These studies found overall lower BRIEF scores in PICU 
ƊƞƂƵĳƵŜƂƊ΄āŜőſåƂĎĈ΄ƖŜ΄ĮĎåŉƖĮƼ΄ſĎĎƂƊ͚΄ƶĮĳāĮ΄ƶåƊ΄ĳœ΄ŉĳœĎ΄ƶĳƖĮ΄ŜƞƂ΄ǙœĈĳœħƊ͟΄ÎĎ΄ĦŜƞœĈ΄
that although parents reported problems in executive functioning on the BRIEF, the 
œĎƞƂŜſƊƼāĮŜŉŜħĳāåŉ΄ƖĎƊƖ΄ͬĳœĮĳĀĳƖĳŜœ΄åœĈ΄ǚĎƻĳĀĳŉĳƖƼͭ΄ƊĮŜƶĎĈ΄œŜ΄ĳőſåĳƂőĎœƖƊ΄ĳœ΄ſåƖĳĎœƖƊ΄
compared to healthy control children at two-year follow-up. This may be explained 
by the previously described minimum age of some neuropsychological tests that 
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resulted in a relatively small sample of (older) children that completed this test as 
compared with the subjective evaluation of executive functioning which was not 
ŉĳőĳƖĎĈ΄ƖŜ΄å΄ƊſĎāĳǙā΄åħĎ΄ƂåœħĎ͟΄Nœ΄ĦƞƖƞƂĎ͚΄ƖŜ΄ĀĎ΄åĀŉĎ΄ƖŜ΄ƂĎŉĳåĀŉƼ΄āŜőſåƂĎ΄ĎƻĎāƞƖĳƵĎ΄
functioning in the complete group of patients versus healthy controls, longer follow-
up interval for assessment after PICU admission is necessary. This would also enable 
the comparison between objective and subjective assessment.

Another consideration to be taken into account is the overall mean scores of patients 
which fell within the normal range for objective and subjective assessment, both 
at two-year and four-year follow-up. This means that scores were not below one 
standard deviation of the general population norm, as was also found previously 
in international studies (Chapter 2). Nonetheless, a group of patients probably do 
experience cognitive impairments and score below one standard deviation of the 
norm. Risk factors associated with cognitive impairments were previously found to 
be younger age at PICU admission, older age at follow-up, lower socio-economic 
status, requirement of oxygen and mechanical ventilation, and opioids.21 However, 
ƖĮĎ΄ƊƼƊƖĎőåƖĳā΄ƂĎƵĳĎƶ΄ƂĎſŜƂƖĳœħ΄ƖĮĎƊĎ΄ſƂĎĈĳāƖŜƂƊ΄ĎƻāŉƞĈĎĈ΄ƊŜőĎ΄ƊſĎāĳǙā΄ĈĳåħœŜƊĳƊ΄
groups. Future research in our study sample, consisting of the complete group of 
critically ill children, is needed to detect early clinical predictors to identify individual 
children at risk for deteriorating neurocognitive functioning over time (that is; children 
ƶĮŜ΄ƶĳŉŉ΄ſƂŜĀåĀŉƼ΄ħƂŜƶ΄ĳœƖŜ΄ĈĎǙāĳƖͭ͟

Emotional functioning
In this thesis, children´s emotional functioning was assessed with subscales of 
HRQoL measurements (parent reports at six months and two-year follow-up) and 
with parent-reported questionnaires assessing emotional and behavioral problems 
(at two and four year follow-up). Six months after PICU admission, younger children 
aged 0-3 years old were impaired on the parent-reported subscale (of the HRQoL 
measurement) ‘temperament and moods’ compared to normative data (Chapter 
3). The subscale ‘general behavior’ was not worse than normative data for younger 
children, but ‘general behavior’ of older children (aged 4-18 years) was impaired at six 
months follow-up. Subscales only assessed in older children were ‘role functioning 
emotional/behavioral’, ‘mental health’, and ‘self-esteem’, which were all lower than 
normative data, six months after PICU admission. ‘Self-esteem’ was the only subscale 
ƖĮåƖ΄ƶåƊ΄ƊƖĳŉŉ΄ƊĳħœĳǙāåœƖŉƼ΄ƶŜƂƊĎ΄ĳœ΄ŜŉĈĎƂ΄ſåƖĳĎœƖƊ΄āŜőſåƂĎĈ΄ƖŜ΄ƖĮĎ΄ĮĎåŉƖĮƼ΄āŜœƖƂŜŉ΄
children at two-year follow-up (Chapter 6). This could be a result of the fact that 
HRQoL scores usually normalize after a longer period of time,22 when children have 
adjusted to the ‘new normal’.2 For younger patients, similar results were found for 
ƖĮĎ΄ƊƞĀƊāåŉĎ΄ ͼƖĎőſĎƂåőĎœƖ΄åœĈ΄őŜŜĈƊͽ΄ ƖĮåƖ΄ƶåƊ΄œŜƖ΄ƊĳħœĳǙāåœƖŉƼ΄ĈĳǖĎƂĎœƖ΄ ĦƂŜő΄
healthy control children anymore at two-year follow-up. Also ‘general behavior’ 
was comparable to patients at two-year follow-up. In contrast, the parent-reported 
questionnaires concerning emotional and behavioral problems two and four years 
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after PICU admission showed more internalizing, externalizing, and total emotional 
and behavioral problems for children compared to healthy control children (Chapter 
4 and 7ͭ͟΄¯ĮĎ΄ĈĳǖĎƂĎœāĎ΄ĳœ΄ƖĮĎƊĎ΄ǙœĈĳœħƊ΄ĀĎƖƶĎĎœ΄āŜőſåƂåĀŉĎ΄ŜƞƖāŜőĎƊ΄ͬĀĎĮåƵĳŜƂͭ΄
āŜƞŉĈ΄ĀĎ΄ĎƻſŉåĳœĎĈ΄ĀƼ΄ƖĮĎ΄ĈĳǖĎƂĎœāĎ΄ĳœ΄ƁƞĎƊƖĳŜœœåĳƂĎƊ͟΄tœ΄I��Ŝa΄ƁƞĎƊƖĳŜœœåĳƂĎƊ͚΄
ƊƞĀƊāåŉĎƊ΄āŜőſƂĳƊĎ΄ǙƵĎ΄ƖŜ΄Ɗĳƻ΄ƁƞĎƊƖĳŜœƊ΄ƂĎħåƂĈĳœħ΄ƖĮåƖ΄ĈŜőåĳœ͟23 In contrast, the Child 
and Behavior Checklist, used in our follow-up study, consists of 126 items regarding 
emotional and behavioral problems.24,25 Therefore, this questionnaire is more sensitive 
in detecting certain emotional and behavioral problems in contrast with more generic 
HRQoL measurements that assess overall behavior of children in daily life.

In the current thesis, assessment of emotional functioning did not encompass 
assessment of posttraumatic stress symptoms (PTSS), which are common in PICU 
survivors.26-28 The Child Behavior Checklist (CBCL) could be analyzed in more 
ƊƞĀĈŜőåĳœƊ΄ƖĮåœ΄ŜœŉƼ΄ ĳœƖĎƂœåŉĳǆĳœħ΄åœĈ΄ĎƻƖĎƂœåŉĳǆĳœħ΄ſƂŜĀŉĎőƊ͚΄őŜƂĎ΄ƊſĎāĳǙāåŉŉƼ΄
PTSS.29 This was outside the scope of the current follow-up study. However, since 
PTSS is frequently found in children after critical illness, analyzing this subscale would 
add information about the emotional wellbeing of children after PICU admission. The 
sensitivity of this subscale is sometimes debated.30 Therefore, to further study PTSS 
őŜƂĎ΄ĳœ΄ĈĎſƖĮ͚΄ƶĎ΄ƂĎāŜőőĎœĈ΄å΄ƊſĎāĳǙā΄őĎåƊƞƂĎőĎœƖ΄ŜĦ΄�¯¢¢΄ĳœ΄ĦŜŉŉŜƶͲƞſ΄ͬĎ͟ħ͟΄
Trauma Symptom Checklist for Young Children31).

Social functioning
Social functioning of children includes interactions and relationships with peers 
and family members. In this thesis, social functioning was assessed subjectively 
through HRQoL measurements six months and two years after PICU admission. Six 
months after PICU admission, the subscale ‘family activities’ was worse compared 
to normative data in children. Two years after PICU admission, ‘family activities’ were 
still worse compared to normative data, which might be a result of the impairments 
in physical functioning, possibly making activities more complicated due to practical 
barriers. However, impaired family activities might also be related to anxiety of the 
parents,32 with parents being afraid that something could happen during generally 
normal activities with the family. Furthermore, six months after PICU admission, for 
younger patients aged 0-3 years parent-reported scores as to ‘family cohesion’ 
were better compared to normative data. For older patients aged 4-18 years parent-
reported scores as to ‘family cohesion’ were comparable to normative data. Probably, 
in families with young children, the relationships of children are limited to bonds they 
have within the family. As in older children, bonds within the family do not have to be 
strengthened after a stressful event as a consequence of the relationships with peers 
that are more important than relationships within the family for older children.33 This 
is further supported by the fact that two years later, when children were older, ‘family 
cohesion’ was comparable to healthy control children. It could also be that social 
functioning normalized after a longer period of time, what was also found for certain 
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emotional subscales of HRQoL. However, no age analyses were done at the two-year 
follow-up. On the last HRQoL subscale into social functioning, ‘getting along’, patients 
obtained comparable scores as same-aged healthy peers in social relationships (e.g. 
with peers and family members), both at six months and two-year follow-up. This 
is interesting as parents reported both internalizing and externalizing behavioral 
problems, but this does not seem to impact the social relationships. However, we 
did not examine the social functioning subscale of the CBCL. To further investigate 
whether social functioning was not impaired, this subscale should be investigated 
in future research.

As older children are more focused on their peers, follow-up assessment of social 
functioning could be enhanced by including peer-reports. Accurately reporting about 
social functioning can be challenging for parents, since social interactions of their 
child with peers may be not visible to them and out of their scope. Nevertheless, 
when interpreting scores of peers, it should be taken into account that peers can 
ĀĎ΄ĳœǚƞĎœāĎĈ΄ĀƼ΄ſĎƂƊŜœåŉ΄åƖƖƂĳĀƞƖĎƊ΄ŜĦ΄ƖĮĎ΄ſĎƂƊŜœ΄ƖĮĎƼ΄ĎƵåŉƞåƖĎ͚΄ƊƞāĮ΄åƊ΄ſĮƼƊĳāåŉ΄
attractiveness and academic succesfullness.34 In conclusion, to have a complete view 
of the child’s social functioning, it would be best to use parents, teachers/day care 
providers, and peers as informant.

Outcomes early parenteral nutrition versus late parenteral 
nutrition

The follow-up study described in this thesis investigated the long-term outcomes 
ŜĦ΄āĮĳŉĈƂĎœ΄ƶĮŜ΄ſåƂƖĳāĳſåƖĎĈ΄ĳœ΄ƖĮĎ΄�*�åkN�΄�� ̄͟΄¯ĮĳƊ΄��¯΄ĎƻåőĳœĎĈ΄ƖĮĎ΄ĎǖĎāƖƊ΄ŜĦ΄
starting late with supplemental PN (after one week) during PICU admission compared 
ƶĳƖĮ΄åœ΄ĎåƂŉƼ΄ƊƖåƂƖ΄ŜĦ΄ƊƞſſŉĎőĎœƖåŉ΄�k΄ ͬĦƂŜő΄ĈåƼ΄̆ͭ͟΄�Ɗ΄ ƖŜ΄ ƖĮĎ΄ǙƂƊƖ΄�N�¢΄ĈŜőåĳœ͚΄
physical functioning, objective measurements showed that children in the Late PN 
group had comparable scores as children in the Early PN group for survival, height, 
weight, head circumference, health status, and clinically assessed neurological 
functioning, both at two-year and four-year follow-up (Chapter 4 and 7). Subjectively 
measured physical functioning showed that at 2 year follow-up Late PN patients 
scored comparably to Early PN patients (Chapter 6). The second PICS domain, 
cognitive functioning, was also assessed both two and four years after participation 
in the PEPaNIC trial. Objective neuropsychological tests showed that children who 
received Late PN scored better than children who received Early PN for visual-
motor integration two years after participation in the PEPaNIC trial (Chapter 4). As 
to subjectively measured neurocognitive functioning, children in the Late PN group 
ŜĀƖåĳœĎĈ΄ĀĎƖƖĎƂ΄ſåƂĎœƖͲƂĎſŜƂƖĎĈ΄ƊāŜƂĎƊ΄ĦŜƂ΄ĎƻĎāƞƖĳƵĎ΄ĦƞœāƖĳŜœĳœħ͚΄őŜƂĎ΄ƊſĎāĳǙāåŉŉƼ΄ĦŜƂ΄
inhibition, working memory and meta-cognition than children in the Early PN group, 
at two-year follow-up (Chapter 4ͭ͟΄�Ɩ΄ĦŜƞƂ΄ƼĎåƂ΄ĦŜŉŉŜƶͲƞſ͚΄åŉŉ΄ĈĳǖĎƂĎœāĎƊ΄ĀĎƖƶĎĎœ΄
the Early PN group and the Late PN for parent-reported executive functioning and 
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visual-motor integration disappeared (Chapter 7). In contrast, with regard to emotional 
functioning, the favorable outcome of the Late PN group showing less externalizing 
problems at two-year follow-up than the Early PN group was still found four years 
after PICU admission (Chapter 4). Moreover, at four-year follow-up parents in the Late 
PN group also reported less internalizing problems regarding their child than parents 
in the Early PN group (Chapter 7). In other words, when time elapsed (from two years 
ƖŜ΄ĦŜƞƂ΄ƼĎåƂƊ΄ĦŜŉŉŜƶͲƞſ͚ͭ΄ƖĮĎ΄ĈĳǖĎƂĎœāĎ΄ĳœ΄ĎƻĎāƞƖĳƵĎ΄ĦƞœāƖĳŜœĳœħ΄ĀĎƖƶĎĎœ΄ƖĮĎ΄aåƖĎ΄
PN group and the Early PN group disappeared, but in addition to more externalizing 
problems in the Late PN this group now also experienced more internalizing problems 
(e.g. anxiety and depression24,25) than the Early PN group. These additionally found 
internalizing problems could be the result of the fact that externalizing problems 
increase the risk for internalizing problems.35 Interestingly, previous research showed 
that executive functioning could explain the shared variance of these two types of 
behavioral problems.35 Probably, the problems in executive functioning in the Early 
�k΄ħƂŜƞſ΄ƶĎƂĎ΄ǙƂƊƖ΄ƂĎǚĎāƖĎĈ΄ĳœ΄ĎƻƖĎƂœåŉĳǆĳœħ΄ſƂŜĀŉĎőƊ΄åƊ΄ƖĮĳƊ΄ĳƊ΄ƂĎŉåƖĎĈ΄ƖŜ΄ĳőſƞŉƊĳƵĎ΄
behavior and the inability to inhibit initial responses. In the long term these problems 
regarding inhibition might lead to emotional and behavioral problems as the social 
environment responds negatively to impulsive behavior. Furthermore, children might 
develop internalizing problems, as a result of externalizing behavioral problems they 
had already two years before.36 This means that when parents or teachers report 
externalizing behavioral problems for children, also internalizing problems should be 
monitored and assessed over time as these children are at risk for these problems. 
As to the fourth domain, social functioning (only assessed at two-year follow-up), 
parents in the Late PN group reported better scores or ‘family activities’ than parents 
in the Early PN group (Chapter 6). This means that the health of children in the Late 
PN group was less often limiting or interrupting family activities than children in the 
Early PN group.

aåƊƖŉƼ͚΄ ƖĮĎ΄ĎǖĎāƖ΄ŜĦ΄aåƖĎ΄�k΄āŜőſåƂĎĈ΄ ƖŜ΄*åƂŉƼ΄�k΄Ŝœ΄ ƖĮĎ΄ŜƞƖāŜőĎƊ΄ ĳœ΄ ƖĮĎ΄ ĦŜƞƂ΄
domains of PICS were associated with the age of the child at PICU admission. Infants 
aged one month to 11 months during PICU admission appeared to be most vulnerable 
for the impact of Early PN during admission on developing problems in inhibition, 
working memory, planning and organization, and metacognition, and on emotional 
and behavioral problems two years later (Chapter 5).

Nœ΄āŜœāŉƞƊĳŜœ͚΄åŉƖĮŜƞħĮ΄āŜœāĎƂœƊ΄ĎƻĳƊƖĎĈ΄ƂĎħåƂĈĳœħ΄ƖĮĎ΄ĮåƂőĦƞŉ΄ ŉŜœħͲƖĎƂő΄ĎǖĎāƖ΄
ŜĦ΄ŜőĳƖƖĳœħ΄ƊƞſſŉĎőĎœƖåŉ΄�k΄ĳœ΄ƖĮĎ΄ǙƂƊƖ΄ƶĎĎņ΄ŜĦ΄āƂĳƖĳāåŉ΄ĳŉŉœĎƊƊ͚37΄œŜ΄åĈƵĎƂƊĎ΄ĎǖĎāƖ΄
of Late PN was found for physical functioning, cognitive functioning, emotional 
ĦƞœāƖĳŜœĳœħ͚΄åœĈ΄ƊŜāĳåŉ΄ĦƞœāƖĳŜœĳœħ͟΄iŜƂĎŜƵĎƂ͚ ΄åŉƖĮŜƞħĮ΄œŜƖ΄ƊƖåƖĳƊƖĳāåŉŉƼ΄ƊĳħœĳǙāåœƖ͚΄
almost all outcomes on these domains pointed in the same direction, with better 
scores for children who were allocated to the Late PN group than children allocated 
to the Early PN group. This further supports the implementation of Late PN in the 
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protocol at the PICU. With regard to parents of children who participated in the 
�*�åkN�΄�� ͚̄΄ŜƵĎƂåŉŉ͚΄œŜ΄ƊƖåƖĳƊƖĳāåŉŉƼ΄ƊĳħœĳǙāåœƖ΄ĈĳǖĎƂĎœāĎƊ΄ƶĎƂĎ΄ĦŜƞœĈ΄ĦŜƂ΄I��Ŝa΄
outcomes between parents of children in the Late PN group as compared to parents 
of children in the Early PN group (Chapter 6).

Role of parents

�åƂĎœƖƊ΄åœĈͥŜƂ΄āåƂĎħĳƵĎƂƊ΄ſŉåƼ΄å΄ƊĳħœĳǙāåœƖ΄ƂŜŉĎ΄ĳœ΄ƖĮĎ΄ĈĎƵĎŉŜſőĎœƖåŉ΄ŜƞƖāŜőĎƊ΄ŜĦ΄
ƖĮĎĳƂ΄āĮĳŉĈ͟΄¯ĮĎ΄ſƊƼāĮŜƊŜāĳåŉ΄ĈĎƵĎŉŜſőĎœƖ΄ŜĦ΄ƖĮĎ΄āĮĳŉĈ΄ĳƊ΄ĳœǚƞĎœāĎĈ΄ĀƼ΄ſƊƼāĮŜƊŜāĳåŉ΄
wellbeing of the parents.38 Posttraumatic stress disorder (PTSD) in parents was 
previously found to be a strong predictor for posttraumatic stress in children.28 
Additionally, family functioning was also found to be a risk factor for PTSD in children.39 
Previous research found that parents of children with a critical illness are at risk for 
worse psychosocial wellbeing. A high proportion of parents, up to 84%, experience 
posttraumatic stress symptoms.27 Furthermore, it was found that 15% of the parents 
ĎƻſĎƂĳĎœāĎĈ΄āŉĳœĳāåŉŉƼ΄ ƊĳħœĳǙāåœƖ΄ĈĎſƂĎƊƊĳŜœ΄ƊƼőſƖŜőƊ͚΄åœĈ΄̇̈μ΄ŜĦ΄ ƖĮĎ΄ſåƂĎœƖƊ΄
anxiety symptoms after PICU admission of their child.40 Moreover, a systematic review 
showed that interaction between parents and children can change, since parents may 
ĮåƵĎ΄ĈĳǗāƞŉƖĳĎƊ΄ƶĳƖĮ΄ƖĮĎĳƂ΄ƂŜŉĎ΄åƊ΄ſåƂĎœƖ΄åœĈ΄ƶĳƖĮ΄őåĳœƖåĳœĳœħ΄ƖĮĎĳƂ΄ſåƂĎœƖĳœħ΄ƊƖƼŉĎ΄
after PICU admission of the child.41

We assessed health-related quality of life of the parents six months and two years 
after PICU admission. Six months after PICU admission, HRQoL of parents of PICU 
survivors was more favorable as to physical domains and less favorable for mental 
domains compared to adults from the general population (Chapter 3). The poorer 
mental health of parents might be the result of the psychosocial burden that parents 
experience during and after the critical illness of their child. Our better results on 
physical functioning in parents of PICU survivors compared to normative data 
could be the result of a response shift, which occurs when certain aspects in life are 
appreciated more after experiencing a stressful event. In the longer term, after two 
years, physical HRQoL was no longer better compared to parents of healthy control 
children. The poorer mental HRQoL of parents that that was present six months after 
PICU admission, disappeared as well (Chapter 6). Parents seem to have adjusted to 
the burden they experienced and to have adapted to their ‘new normal’ situation.2 
Although outcomes of parents seemed to normalize over time, parents still report 
impact of the health status of the child on their personal time and their emotions at 
six months and two years after PICU admission (Chapter 3 and 6). It is important to 
identify those parents who were not able to adapt to the new situation and who are 
at risk for psychosocial problems.

In the PEPaNIC follow-up study, parents not only reported about their own HRQoL, 
they also reported about their child’s HRQoL, executive functioning, and emotional 
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and behavioral problems (Chapter 3, 4, 5, 6, and 7). Probably, parents’ own mental 
ĮĎåŉƖĮ΄ƊƖåƖƞƊ ĳ́Ɗ΄ƂĎǚĎāƖĎĈ ĳ́œ΄ƖĮĎĳƂ΄åœƊƶĎƂƊ΄Ŝœ΄ƖĮĎ΄ƁƞĎƊƖĳŜœœåĳƂĎƊ΄åĀŜƞƖ΄ƖĮĎĳƂ΄āĮĳŉĈƂĎœ͚΄åƊ΄
at six months a positive association between parent-reported HRQoL of the child and 
parents’ self-reported HRQoL was found (Chapter 3). Besides this shared variance, 
ƖĮĎĳƂ΄Ŝƶœ΄ĈĳƊƖƂĎƊƊ΄őĳħĮƖ΄åŉƊŜ΄ĮåƵĎ΄ĳœǚƞĎœāĎĈ΄ĦåőĳŉƼ΄ĦƞœāƖĳŜœĳœħ΄åœĈ΄ƖĮĎƂĎĦŜƂĎ΄ƖĮĎ΄
child’s HRQoL,42 or the other way around. Irrespective of the underlying mechanism 
of this association, it raises the question whether proxy-reports are a representation 
of the true HRQoL of the child or the parent’s HRQoL, and whether these reports are 
reliable. Self-report HRQoL measurements are also available for children, from the 
åħĎ΄ŜĦ΄ǙƵĎ΄ƼĎåƂƊ΄Ŝœ͟43 Studies that examined both parent-reports and child-reports 
reported disagreements between parents and their children, which is called the 
proxy-problem.44-47 Usually in the PICU population, parents report worse scores for 
their children than children themselves, which can be (partially) due to overprotection 
by parents.38

As a result of the proxy-problem, the value of proxy-reports for research and clinical 
practice is often debated. It has been suggested to avoid proxy-reports for domains 
that are hard to observe by the parents, such as mental health and self-esteem.45 
However, children are usually more likely to give socially desirable answers and their 
judgements are based on the exact moment of completing the questionnaire instead 
of a longer period of time.48 Others suggest that it should not be the question who of 
the informants is right, as the discrepancies in HRQoL scores between informants are 
ƂåƖĮĎƂ΄å΄ƂĎǚĎāƖĳŜœ΄ŜĦ΄ĈĳǖĎƂĎœāĎƊ ĳ́œ΄ƖĮĎĳƂ΄ſĎƂƊſĎāƖĳƵĎƊ΄ƶĮĳāĮ΄ħĳƵĎƊ΄ƵåŉƞåĀŉĎ ĳ́œĦŜƂőåƖĳŜœ΄
about the relationship between the parent and the child.46 As mentioned before, in 
addition to the parent and the child, the teacher/day care provider, and peers may 
add value as informants, since they see the child in the context of other children which 
could serve as a frame of reference in completing the questionnaires.49

Parents completed questionnaires about the cognitive functioning of the child as 
ƶĎŉŉ͚΄őŜƂĎ΄ ƊſĎāĳǙāåŉŉƼ΄åĀŜƞƖ΄ ƖĮĎ΄œĎƞƂŜāŜħœĳƖĳƵĎ΄ĈŜőåĳœ΄ ͼĎƻĎāƞƖĳƵĎ΄ ĦƞœāƖĳŜœĳœħ͟΄
Neurocognitive functioning is usually assessed using neuropsychological tests, and 
the subjective evaluation of children’s neurocognitive function by parents is often 
debated. In the current follow-up study, a substantial part (48%) of the children was 
ƼŜƞœħĎƂ΄ƖĮåœ΄ǙƵĎ΄ƼĎåƂƊ΄ŜŉĈ΄åƖ΄ƖĮĎ΄ĦŜƞƂͲƼĎåƂ΄ĦŜŉŉŜƶͲƞſ͟΄�ŉƖĮŜƞħĮ΄ƖĮĎ΄ǙƂƊƖ΄ƼĎåƂ΄ŜĦ΄ŉĳĦĎ΄
is critical for the development of basic structures in the brain required for executive 
functioning, most executive functions develop throughout childhood (between the 
åħĎ΄ŜĦ΄ǙƵĎ΄åœĈ΄ĎĳħĮƖ΄ƼĎåƂƊ΄ĎƻĎāƞƖĳƵĎ΄ĦƞœāƖĳŜœƊ΄ĈĎƵĎŉŜſ΄ƂåſĳĈŉƼͭ΄åœĈ΄ĀĎāŜőĎ΄őŜƂĎ΄
stable from the age of nine.50 This supports the value of parent-reported outcomes in 
āĮĳŉĈƂĎœ΄ƼŜƞœħĎƂ΄ƖĮåœ΄ǙƵĎ΄ƼĎåƂƊ͚΄åƊ΄ƖĮĎƊĎ΄ĈŜőåĳœƊ΄åƂĎ΄ĈĳǗāƞŉƖ΄ƖŜ΄åāāƞƂåƖĎŉƼ΄åƊƊĎƊƊ΄
with the use of neuropsychological tests. As previously mentioned, the two types of 
assessment (objective and subjective evaluation) complement each other and should 
ideally be used both. Again, teachers/day care providers could have added value 
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when relying on subjective evaluations as most neurocognitive functions are visible 
in day care/educational settings.49

Strengths and limitations of the current research

The follow-up studies which have been described in this thesis have some limitations 
to address. First, it would have been interesting to know which patients already had 
impairments before they were admitted to the PICU. Unfortunately, information about 
the neurocognitive and psychosocial status of patients before the PICU admission 
was not available. Although some studies suggested strategies to speculate about 
the level of functioning prior to the PICU admission, this is well-known problem in 
ƂĎƊĎåƂāĮ΄ĳœ΄ƖĮĳƊ΄ǙĎŉĈ͟51,52

Second, children who were too disabled to test (which was determined by screening 
ŜĦ΄ƖĮĎ΄őĎĈĳāåŉ΄ǙŉĎ΄ĀƼ΄ŜœĎ΄ŜĦ΄ƖĮĎ΄őĎőĀĎƂƊ΄ŜĦ΄ƖĮĎ΄ƂĎƊĎåƂāĮ΄ƖĎåő΄åœĈ΄āŜœǙƂőĎĈ΄ĀƼ΄ƖĮĎ΄
parents), were not included in the analysis in this thesis. This might suggest that the 
results were not generalizable to the complete group of PICU survivors. However, 
ĳœāŉƞĈĳœħ΄ƖĮĎƊĎ΄āĮĳŉĈƂĎœ ĳ́œ΄ƖĮĎ΄åœåŉƼƊĳƊ΄ƶŜƞŉĈ΄ĮåƵĎ ĳ́œǚƞĎœāĎĈ΄ƖĮĎ΄ƂĎƊƞŉƖƊ΄åƊ΄ƖĮĎƼ΄ƶĎƂĎ΄
not able to complete the majority of measurements of the follow-up assessment. 
Furthermore, as to randomization, in the Late PN group fewer children were too 
disabled to test than in the Early PN group two years after participation in the PEPaNIC 
(Chapter 4). This suggests that children in the Early PN group were more impaired 
than children in the Late PN. It would have been informative to assess parents’ own 
HRQoL of children who were too disabled to participate, as they might be more 
distressed than parents of children who experience (relatively) less impairments.

Third, in the current study no imaging of the brain has been done. One way to validate 
neuropsychological tests is to measure brain activity while patients are doing these 
tests. Although brain activity in the expected regions is usually enhanced, activity 
in other areas of the brain can also enhanced. This implies that the neural networks 
ƂĎƊſŜœƊĳĀŉĎ΄ĦŜƂ΄āŜħœĳƖĳƵĎ΄ſƂŜāĎƊƊĎƊ΄åƂĎ΄ĈĳǖƞƊĎ͚΄åœĈ΄ƖĮåƖ΄āĎƂƖåĳœ΄ſĎƂĦŜƂőåœāĎ΄Ŝœ΄
a neurocognitive test does not equal neural anatomy.53 On the other hand, it is 
questionable whether this would have added valuable information to our purpose. 
Furthermore, it would have impacted the follow-up rate, as a group of parents that 
declined to participate in the follow-up study argued that the assessment lasted 
already (too) long for their child.

Fourth, a broad range of domains were covered within our test battery (which is also 
å΄ƊƖƂĎœħƖĮ΄ŜĦ΄ƖĮĎ΄ƊƖƞĈƼ͚ͭ΄åœĈ΄āŜœƊĎƁƞĎœƖŉƼ΄őŜƊƖ΄āĮĳŉĈƂĎœ΄ƶĎƂĎ΄œŜƖ΄åĀŉĎ΄ƖŜ΄ǙœĳƊĮ΄ƖĮĎ΄
complete battery. This resulted in too much missing data for tests that assessed 
divided attention, focused attention and sustained attention, as these tests were 
assessed at the end of the follow-up appointment. The test for general intelligence 

8
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ƶåƊ΄āŜőſŉĎƖĎĈ΄ĀƼ΄åŉőŜƊƖ΄åŉŉ΄āĮĳŉĈƂĎœ͚΄åƊ΄ƖĮĳƊ΄ƶåƊ΄ƖĮĎ΄ǙƂƊƖ΄ƖĎƊƖ΄ŜĦ΄ƖĮĎ΄ƖĎƊƖ΄ĀåƖƖĎƂƼ͟΄
General intelligence is a more broad indication of cognitive functioning which is 
ŉĎƊƊ΄ƊĎœƊĳƖĳƵĎ΄ĦŜƂ΄ĈĳǖĎƂĎœāĎƊ΄ĀĎƖƶĎĎœ΄ħƂŜƞſƊ΄åœĈ΄ŜƵĎƂ΄ƖĳőĎ͟΄AŜƂ΄ĦƞƖƞƂĎ΄ƊƖƞĈĳĎƊ͚΄ƶĎ΄
recommend not to repeat this IQ test at every follow-up moment to save time and 
energy for assessing other cognitive domains.

A strength of the two-year and four-year follow-up was the very large number of 
patients and healthy controls that participated compared to other studies. The 
majority of previous studies that investigated neurocognitive functioning or HRQoL in 
PICU survivors included less than 100 children, and for neurocognitive functioning our 
ƊƖƞĈƼ΄ƊåőſŉĎ΄ƶåƊ΄ƖĮĎ΄ŉåƂħĎƊƖ΄ĳœ΄ƖĮĎ΄ŉåƊƖ΄ǙƵĎ΄ƼĎåƂƊ΄ͬChapter 2). Second, the response 
rate at the two-year and four-year follow-up was high, respectively 74% and 66%. 
(Chapter 2). Third, we compared the patients with a matched healthy control group. 
Nœ΄ƖĮĎ΄ǙƂƊƖ΄ſŉåāĎ͚΄ƊĳĀŉĳœħƊ΄åœĈ΄ƂĎŉåƖĳƵĎƊ΄ŜĦ΄ſåƖĳĎœƖƊ΄ƶĎƂĎ΄åƊņĎĈ΄ƖŜ΄ſåƂƖĳāĳſåƖĎ΄ƖŜ΄āŜœƖƂŜŉ΄
for genetic and environmental factors. In addition, healthy children from schools 
in the same geographical area as the corresponding patients came from, were 
recruited and matched for age and gender. For the six-month follow-up normative 
data was used, as the control group was not yet recruited at that time. Only very 
Ɗőåŉŉ͚΄œĎħŉĳħĳĀŉĎ΄ĈĳǖĎƂĎœāĎƊ΄åƊ΄ƖŜ΄åħĎ΄åœĈ΄ħĎœĈĎƂ΄ƶĎƂĎ΄ĦŜƞœĈ΄ĀĎƖƶĎĎœ΄ƖĮĎ΄ƊƖƞĈĳĎĈ΄
sample and normative data which makes the comparison of results with normative 
data reliable (Chapter 3).

Conclusions present thesis

1. Children who were critically ill had impairments in physical, cognitive, 
emotional, and social functioning compared with healthy children, six 
months, two years, and four years after PICU admission.

2. Parents experienced impaired mental HRQoL, and better physical HRQoL 
six months after PICU admission of the child, but two years after PICU 
admission of their child these scores were normalized and comparable to 
scores of parents with healthy children.

3. Children who received Late PN had better scores compared to children 
who received Early PN for parent-reported executive functioning and 
externalizing problems, and for the neuropsychological test for visual-motor 
integration, two years after PICU admission.

4. Four years after PICU admission, the result of less externalizing problems 
in the Late PN group compared to the Early PN group was still present. 
Also less internalizing problems and less total emotional and behavioral 
problems were found in the Late PN group than the Early PN group.
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Future perspectives

As described above, children who survived critical illness perform worse than their 
ĮĎåŉƖĮƼ΄ſĎĎƂƊ΄Ŝœ΄ĈĳǖĎƂĎœƖ΄ĈŜőåĳœƊ΄ŜĦ΄ĦƞœāƖĳŜœĳœħ͟΄IŜƶĎƵĎƂ͚ ΄œŜƖ΄åŉŉ΄āĮĳŉĈƂĎœ΄ĎƻſĎƂĳĎœāĎ΄
ĳőſåĳƂőĎœƖƊ΄ĳœ΄ƖĮĎ΄ĦŜƞƂ΄ĈŜőåĳœƊ΄ŜĦ΄�N�¢͚΄ĀƞƖ΄ĳƖ΄ĳƊ΄ƞœņœŜƶœ΄ƶĮĳāĮ΄ƊſĎāĳǙā΄ħƂŜƞſƊ΄ͬĎ͟ħ͟΄
ĈĳåħœŜƊĳƊ͚΄åħĎ͚΄ħĎœĈĎƂͭ΄ĎƻſĎƂĳĎœāĎ΄ƶĮĳāĮ΄ƊſĎāĳǙā΄ſƂŜĀŉĎőƊ΄ͬĎ͟ħ͟΄ſĮƼƊĳāåŉ΄åāƖĳƵĳƖƼ͚΄
memory, getting along with others). Therefore, the next step would be developing 
and incorporating prediction models for the individual patient in which multiple risk 
factors are taken into account to predict personalized follow-up trajectories. When 
these trajectories become clear, treatment could be adapted to individual needs.

Risk factors for group outcomes for HRQoL, as found in the current study, were 
higher age at PICU admission, longer length of PICU stay, higher severity of illness 
scores, and a neurological diagnosis, six months after PICU admission (Chapter 3). 
In the PEPaNIC follow-up study, we also found that use of benzodiazepines and 
corticosteroids during PICU admission, and having a syndrome predicted worse 
neurocognitive outcomes and more emotional and behavioral problems, two 
and four years after PICU admission (Chapter 4 and 7). When predictors of worse 
ŜƞƖāŜőĎƊ΄åƂĎ΄ņœŜƶœ͚΄ĳœƖĎƂƵĎœƖĳŜœƊ΄āŜƞŉĈ΄ĀĎ΄āŜœĈƞāƖĎĈ΄ƖŜ΄ĳœǚƞĎœāĎ΄ƖĮĎƊĎ΄ĦåāƖŜƂƊ΄
and subsequently improve outcomes. The PEPaNIC RCT is an example of such an 
intervention study, as it showed that changing the nutritional strategy (by delaying the 
ƊƖåƂƖ΄ŜĦ΄ſåƂĎœƖĎƂåŉ΄œƞƖƂĳƖĳŜœ΄ĈƞƂĳœħ΄āƂĳƖĳāåŉ΄ĳŉŉœĎƊƊͭ΄ĮåĈ΄å΄ſŜƊĳƖĳƵĎ΄ĎǖĎāƖ΄Ŝœ΄ŉŜœħͲƖĎƂő΄
ĈĎƵĎŉŜſőĎœƖåŉ΄ŜƞƖāŜőĎƊ͟΄tƖĮĎƂ΄ƊƖƞĈĳĎƊ΄ƖĮåƖ΄ƖƂĳĎĈ΄ƖŜ΄ĳœǚƞĎœāĎ΄ĦåāƖŜƂƊ΄åƊƊŜāĳåƖĎĈ΄
with worse outcomes focused mainly on disease management and more research 
into psychosocial interventions aiming to improve factors of the post-PICU phase are 
needed (Chapter 2).

Future studies focusing on parents as predictor for worse outcomes in children 
could investigate whether empowering parents on the PICU through shared decision 
őåņĳœħ΄ĳƊ΄ĎǖĎāƖĳƵĎ͚41 as this was previously mentioned to improve parental distress.54 
Furthermore, fathers are an understudied population. In the current study, we did not 
have information whether the mother or the father completed the questionnaires. 
A systematic review found evidence that mothers experienced more stress than 
fathers.33΄¯ĮĳƊ΄ĳőſŉĳĎƊ΄ƖĮåƖ΄ƊƖƞĈĳĎƊ΄ĳœƖŜ΄ƖĮĎ΄ĈĳǖĎƂĎœāĎƊ΄ĀĎƖƶĎĎœ΄ƖĮĎ΄œĎĎĈƊ΄ŜĦ΄ſåƂĎœƖƊ΄
could be valuable. Regardless of the question whom of the parents experience more 
ſƊƼāĮŜƊŜāĳåŉ΄ſƂŜĀŉĎőƊ͚΄ĀŜƖĮ΄ſåƂĎœƖƊ΄åœĈ΄āĮĳŉĈƂĎœ΄ĎƻſĎƂĳĎœāĎ΄ƊĳħœĳǙāåœƖ΄ſƊƼāĮŜƊŜāĳåŉ΄
problems during and after PICU admission. Problems in emotional functioning of the 
parents, such as anxiety and stress, may be improved by providing psychosocial help. 
Since wellbeing of the parents and family functioning are highly correlated with the 
wellbeing of the child, support for the family members is important.38 Furthermore, 
we recommend that psychologists aim to improve outcomes of both the child and 
parents in family centered care.41,55

8
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Electronic technologies can be used (e.g. apps or website) in conducting future 
interventions as this could enhance communication between the professionals 
and family members. This was proven to be a helpful tool during psychotherapy 
for families of after critical illness of the child.33 Furthermore, use of virtual reality 
to reduce posttraumatic stress by exposure to the traumatic memory (in the virtual 
ĎœƵĳƂŜœőĎœƖͭ΄ĮåƊ΄ĀĎĎœ΄ƊĮŜƶœ΄ƖŜ΄ĀĎ΄ĎǖĎāƖĳƵĎ΄ĦŜƂ΄ƖƂåƞőåƖĳā΄ĎƵĎœƖƊ΄ĳœ΄åĈƞŉƖƊ͚56 and 
őĳħĮƖ΄ĀĎ΄ĎǖĎāƖĳƵĎ΄ĦŜƂ΄āĮĳŉĈƂĎœ΄ſƂĎƵĳŜƞƊŉƼ΄åĈőĳƖƖĎĈ΄ƖŜ΄ƖĮĎ΄�N�¶΄åœĈ΄ƖĮĎĳƂ΄ſåƂĎœƖƊ͟

Finally, it is important that future studies use standardized protocols in examining 
ŜƞƖāŜőĎƊ΄åāƂŜƊƊ΄ƊƖƞĈĳĎƊ͟΄�΄őåŃŜƂ΄ſƂŜĀŉĎő΄ĳœ΄ŉĳƖĎƂåƖƞƂĎ΄ĳƊ΄ƖĮĎ΄ĈĳǖĎƂĎœāĎƊ΄ĀĎƖƶĎĎœ΄
assessment tools, measurements used, type of scores reported, and way of reporting 
results (Chapter 2).5 The consequence of this heterogeneity between studies is that 
āŜőſåƂĳœħ΄ƂĎƊƞŉƖƊ΄ ĳƊ΄ĈĳǗāƞŉƖ͟΄ NƖ΄ƶŜƞŉĈ΄ĀĎ΄ĮĎŉſĦƞŉ΄ƖŜ΄ŜƂħåœĳǆĎ΄å΄ƊƖåœĈåƂĈĳǆĎĈ΄ͬĳœƖĎƂͭ
national follow-up program to assure that outcome measurements are similar and 
also to provide care for the individual patients and family.

Need for structured follow-up: recommendations

The ‘Nederlandse Vereniging voor Kindergeneeskunde’ guideline ‘follow-up of 
children after admission to intensive care’ highlights the importance of structural 
follow-up of critically ill children after discharge.57 However, at this moment only a 
small part of all critically ill children surviving from (inter)national PICUs are invited for 
a long-term follow-up due to the high costs and long duration of follow-up moments. 
Besides, the Dutch guidelines do not extensively describe the steps in follow-up care 
over time, and the guidelines are based on literature investigating acutely admitted 
āĮĳŉĈƂĎœ΄ŜœŉƼ͟΄¯Ŝ΄ĳĈĎœƖĳĦƼ΄ƖĮŜƊĎ΄ſåƖĳĎœƖƊ΄åœĈ΄ſåƂĎœƖƊ΄ƶĮŜ΄åƖ΄ƂĳƊņ΄ĦŜƂ΄�N�¢΄åœĈ΄ƖŜ΄ŜǖĎƂ΄
more specialized care for patients and families who are at risk for developing more 
severe impairments, a stepped care model for patients and families is necessary to 
ŜǖĎƂ΄ĎǖĎāƖĳƵĎ΄ĦŜŉŉŜƶͲƞſ΄āåƂĎ58 (see Figure 1):

• step one involves prevention of impairments
• step two involves reducing mild impairments and prevention of severe 

impairments
• step three consists of therapy for severe impairments

Some patients and their families will only need step one, others will need more 
ĮĎŉſ͟΄¯ĮĎ΄ƊĎƁƞĎœāĎ΄ŜĦ΄ƖĮĎ΄ƊƖĎſƊ΄ŜĦ΄ƖĮĎ΄ĦŜŉŉŜƶͲƞſ΄ſƂŜħƂåő΄åƂĎ΄œŜƖ΄ǙƻĎĈ΄åœĈ΄ƊƖĎſƊ΄
āŜƞŉĈ΄ĀĎ΄ƂĎſĎåƖĎĈ͟΄iŜƂĎŜƵĎƂ͚ ΄ƖĮĎ΄ƊƖĎſƊ΄ƊĮŜƞŉĈ΄ĀĎ΄ƂĎſĎåƖĎĈ΄åƖ΄ǙƻĎĈ΄őŜőĎœƖƊ ĳ́œ΄ƖĳőĎ͚΄
as some patients and parents will have delayed reactions as to the psychosocial 
symptoms as a result of the PICU admission.59 Notably, these recommendations are 
mainly focused on the psychosocial impairments after PICU admission, but a clinician, 
physiotherapist, and dietician should be incorporated for the physical domain of PICS.
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Figure 1. Stepped follow-up care for families after critical illness of the child (adapted from Thambirajah et 
al., 2011 and Riper et al., 2007 60,61)

Step 1: Prevention
¯ĮĎ΄ǙƂƊƖ΄ ƊƖĎſ΄ ĳœ΄ ĦŜŉŉŜƶͲƞſ΄āåƂĎ΄åĦƖĎƂ΄�N�¶΄åĈőĳƊƊĳŜœ΄ ĳƊ΄ ƖŜ΄ſƂĎƵĎœƖ΄ ĳőſåĳƂőĎœƖƊ͟΄
Psycho-education is helpful in reducing parental stress, improving coping strategies, 
and preventing overprotection by the parents.52,62΄�ƊƼāĮŜͲĎĈƞāåƖĳŜœ΄āŜƞŉĈ΄ĀĎ΄ŜǖĎƂĎĈ΄
ĳœ΄ĈĳǖĎƂĎœƖ΄ĦŜƂőƊ͟ ŃœĦŜƂőåƖĳŜœ΄ĦƂŜő΄ƖĮĎ΄őĎĈĳāåŉ΄ƖĎåő΄ŜƂ΄å΄ſƊƼāĮŜŉŜħĳƊƖ΄ƶĮŜ ĳ́Ɗ΄ƶŜƂņĳœħ΄
at the PICU at time of discharge from the PICU is one way. This psychologist should 
have a comprehensive understanding of the impairments (PICS) that could exist after 
�N�¶΄åĈőĳƊƊĳŜœ΄åœĈ΄ŜĦ΄ƖĮĎ΄ĎǖĎāƖƊ΄ŜĦ΄�N�¶΄åĈőĳƊƊĳŜœ΄Ŝœ΄ſåƖĳĎœƖƊ΄åœĈ΄ƖĮĎĳƂ΄ĦåőĳŉĳĎƊ͟63 
In other words, families should be informed about what they can expect during the 
recovery period, and be prepared for the time it will take to reach a situation that 
feels normal again (new normal).2 However, transition to the general ward of the 
hospital is a stressful event for parents.64 Therefore, information from the medical 
team at this time point might be lost, and an online patient information portal or 
mobile app providing information could add value.65 For some patients and parents, 
this psycho-education will be enough to continue their daily life without impairments, 
åƊ΄ ĳƖ΄ƶåƊ΄ĦŜƞœĈ΄ƖĮåƖ΄ ĳƖ΄ƶåƊ΄ƊƞǗāĳĎœƖ΄ĦŜƂ΄āĮĳŉĈƂĎœ΄ƶĳƖĮ΄ƊƞĀƖĮƂĎƊĮŜŉĈ΄ƊƼőſƖŜőƊ΄ŜĦ΄
PTSS.66 However, to evaluate whether impairments are still present, the following step 
will be to screen all patients and parents for impairments in their daily functioning. 
Regularly planned follow-up visits at the clinic to evaluate the health status of the 
patient could be preceded by the completion of questionnaires (e.g. digitally at home), 
ideally by the child, parent and teacher/day care provider.49 To have a broad view 
of all domains of functioning, HRQoL questionnaires, as well as questionnaires on 
œĎƞƂŜāŜħœĳƖĳƵĎ΄ĦƞœāƖĳŜœĳœħ΄ƶĳŉŉ΄ħĳƵĎ΄ĳœƊĳħĮƖ΄ĳœ΄ƖĮĎ΄ĈĳǖĎƂĎœƖ΄ĈŜőåĳœƊ͟΄AŜƂ΄ĎƻåőſŉĎ͚΄ƖĮĎ΄
Health Act Questionnaires (Infant Toddler Quality of Life Questionnaire for children 
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aged 0-3 years, and the Child Health Questionnaire for children aged 4-18 years)67,68 
for HRQoL, the Child Behavior Checklist for emotional and behavioral problems, 
and the BRIEF for executive functioning. When children are old enough to report 
about their own outcomes (most questionnaires from the age of twelve, for example 
the Child Health Questionnaire Child Form), self-reports should be included in the 
screening instruments. The mode of delivery of these questionnaires can be digital, 
as a recent study showed that parents’ preferences were to complete measurements 
digitally.69 Most questionnaires, as well as the three questionnaires mentioned to 
use for screening, consist of many questions. Therefore, it would be even better to 
create an adaptive battery of questions, which is easily possible when questionnaires 
åƂĎ΄ŜǖĎƂĎĈ΄ĈĳħĳƖåŉŉƼ΄ŜƂ΄ƖĮƂŜƞħĮ΄å΄őŜĀĳŉĎ΄åſſ͟65 Through computer adaptive testing 
(CAT), patients and parents only have to answer questions that are relevant to them.70 
AƞƂƖĮĎƂőŜƂĎ͚΄ƶĮĎœ΄ǙœĳƊĮĳœħ΄ƖĮĎ΄ƁƞĎƊƖĳŜœƊ͚΄ ƖĮĎ΄ſƂŜħƂåő΄ƶĳŉŉ΄ħĳƵĎ΄åœ΄ŜƵĎƂƵĳĎƶ΄ŜĦ΄
domains impaired. This could be shared with the clinician beforehand, to facilitate 
communication between patients and clinician during follow-up visits. Besides, such 
an overview might give the clinician information regarding impairments which enables 
individualized advice during follow-up visits and, if needed, arrange further referral. 
As it will not take long to complete the questions using CAT, such a mobile app could 
also be used for monitoring more frequently.65 When alarming scores are detected, 
this can be communicated with the clinician, which enables referral in an early phase.

Step 2: Standard care
In this phase, the screening tools direct the diagnostic process to which domains 
have to be assessed more thoroughly. For example, when emotional problems were 
reported in step one, these problems will be assessed in more detail (whether this 
is related to behavior, anxiety, depression) to know which tools can help. This is 
ĳőſŜƂƖåœƖ΄åƊ΄ƊſĎāĳǙā΄ĳőſåĳƂőĎœƖƊ΄ĦŜƂ΄ƊſĎāĳǙā΄ħƂŜƞſƊ΄åƂĎ΄œŜƖ΄ĦŜƞœĈ΄ƼĎƖ͟΄�ŉƖĮŜƞħĮ΄
āĎƂƖåĳœ΄ ħƂŜƞſƊ΄ ŜĦ΄ �N�¶΄ ƊƞƂƵĳƵŜƂƊ΄ƶĎƂĎ΄ åƊƊŜāĳåƖĎĈ΄ƶĳƖĮ΄ ƊſĎāĳǙā΄ ſƂŜĀŉĎőƊ΄ ͬƊƞāĮ΄
as cognitive problems, mood disturbances, headaches, sleep disturbances and 
daytime fatigue for patients with traumatic brain injury,71 and problems with speech, 
language, visual-spatial skills, executive functions, attention and motor skills for 
children with a cardiac disease72) results varied widely between patients with the 
same diagnosis and between studies investigating the same subgroup of critically 
ill patients. With regard to cognitive functioning, a neurocognitive assessment in this 
phase (step 2, standard care) gives a comprehensive view of the cognitive abilities 
of the child. This neurocognitive assessment consists ideally of tests for a broad 
range of relevant domains of the cognitive hierarchy. However, as patients perceived 
the test battery of the current follow-up study as too long, selection of tests that 
are easy to administer with good psychometric quality is important. Therefore, it is 
important that a licensed neuropsychologist is involved in selecting and assessing 
accurate neuropsychological tests. When the diagnostic assessment results in an 
ĎƻƖĎœƊĳƵĎ΄ŜƵĎƂƵĳĎƶ΄ŜĦ΄ƖĮĎ΄ſƂŜĀŉĎőƊ͚΄ſƊƼāĮŜƊŜāĳåŉ΄ƖŜŜŉƊ΄āåœ΄ĀĎ΄ŜǖĎƂĎĈ΄ƖŜ΄ĳőſƂŜƵĎ΄
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the psychosocial outcome for children. These tools may be advised to parents and 
class room teachers, such as creating a quiet space in the classroom when children 
have attentional problems.

Step 3: Specialized care
Some patients and/or parents will experience more severe impairments and/or 
psychiatric symptoms after PICU admission, such as PTSD or severe attentional 
problems, and short interventions or tools will not be helpful anymore. These 
families will be referred for specialized care, which consists of two elements. For 
some children and/or their parents, additional diagnostic assessment will be 
necessary to provide more in depth insight and further analyze these problems. For 
example, if children experience problems in attention, and tools did not improve these 
åƖƖĎœƖĳŜœåŉ΄ſƂŜĀŉĎőƊ͚΄őŜƂĎ΄ƊſĎāĳǙā΄ƖĎƊƖƊ΄ĦŜƂ΄åƖƖĎœƖĳŜœ΄āŜƞŉĈ΄ĀĎ΄åĈőĳœĳƊƖĎƂĎĈ͚΄ƊƞāĮ΄
as tests for alertness, focused attention, divided attention, and sustained attention. 
For memory, further diagnostic assessment can address short-term and long-term 
memory problems, working memory and visual-spatial memory or verbal memory. 
�Ɗ΄ƖŜ΄ĎƻĎāƞƖĳƵĎ΄ĦƞœāƖĳŜœĳœħ͚΄ĳœĮĳĀĳƖĳŜœ͚΄ſŉåœœĳœħ΄åœĈ΄ŜƂħåœĳǆåƖĳŜœ͚΄ŜƂ΄ǚĎƻĳĀĳŉĳƖƼ΄āåœ΄ĀĎ΄
impaired. As to psychosocial problems, children could have internalizing problems 
(e.g. anxiety, depression) or externalizing problems, social, family or school problems. 
�ƞĎƊƖĳŜœœåĳƂĎƊ΄ĦŜāƞƊĳœħ΄Ŝœ΄ƖĮĎƊĎ΄ƊſĎāĳǙā΄ſƂŜĀŉĎőƊ΄āåœ΄ĀĎ΄åƊƊĎƊƊĎĈ΄ƖŜ΄ĮåƵĎ΄åœ΄
extensive view of these problems.

The second element of this third step consists of interventions to reduce the 
impairments that exist in daily life of the child and/or parents. For cognitive problems, 
a few interventions exist. Cogmed was one of these interventions and was conducted 
to improve memory impairments and comprised of training sessions for working 
őĎőŜƂƼ΄åƖ΄ĮŜőĎ΄ ͬǙƵĎ΄ƶĎĎņƊ͚΄ǙƵĎ΄ĈåƼƊ΄å΄ƶĎĎņ͚΄̉̊΄őĳœƞƖĎƊ΄ĎåāĮ΄ƊĎƊƊĳŜœͭ͟17 This 
ƶåƊ΄ĎǖĎāƖĳƵĎ΄ĈĳƂĎāƖŉƼ΄åĦƖĎƂ΄ƖĮĎ΄ƖƂåĳœĳœħ͚΄ĀƞƖ΄ſƂŜĀåĀŉƼ΄ƖĮĳƊ΄ƊĮŜƞŉĈ΄ĀĎ΄ŜǖĎƂĎĈ΄ĦŜƂ΄å΄
longer time, as the improvements not remained in the longer time. For psychosocial 
problems, such as anxious or depressive symptoms, cognitive behavioral therapy 
ͬ��¯ͭ΄ĮåƊ΄ĀĎĎœ΄ſƂŜƵĎœ΄ƖĮĎ΄őŜƊƖ΄ĎǖĎāƖĳƵĎ΄åœĈ΄ǙƂƊƖ΄ŉĳœĎ΄ŜĦ΄ƖƂĎåƖőĎœƖ͟73 Interestingly, 
a systematic review found that CBT was successful in an internet-based format for 
children with somatic conditions, which is favorable for the practical implementation 
of CBT.74 Moreover, acceptance and commitment therapy and mindfulness based 
interventions have been proven successful for children with pediatric conditons.75,76 
iŜƂĎ΄ƊſĎāĳǙāåŉŉƼ͚΄ƶĮĎœ΄ſåƖĳĎœƖƊ΄åœĈͥŜƂ΄ſåƂĎœƖƊ΄ĎƻſĎƂĳĎœāĎ΄�¯¢¢͚΄*ƼĎ΄iŜƵĎőĎœƖ΄
Desensitization Reprocessing (EMDR) is an evidence based psychotherapy that 
reduces these symptoms.77 Lastly, improving the psychosocial problems that pediatric 
patients experience may even improve the physical impairments,62 which further 
emphasizes the need of treatment of psychosocial problems in an early phase after 
PICU admission.

8

José_Proefschrift.indd   261José_Proefschrift.indd   261 28/10/2020   16:28:3528/10/2020   16:28:35



262

Chapter 8

Final overall statement

Children perform worse than healthy children after admission to the PICU. Outcomes 
can be improved when interventions are conducted that modify factors related to 
ŜƞƖāŜőĎƊ΄ŉĳņĎ΄ƶĳƖĮĮŜŉĈĳœħ΄ſåƂĎœƖĎƂåŉ΄œƞƖƂĳƖĳŜœ΄ĈƞƂĳœħ΄ƖĮĎ΄ǙƂƊƖ΄ƶĎĎņ΄ŜĦ΄āƂĳƖĳāåŉ΄ĳŉŉœĎƊƊ͟΄
To study outcomes it is important to use standardized outcome measurements to 
identify those children and parents who are at risk for impairments in daily functioning. 
It is recommended to implement a (inter)nationally organized, stepped care model 
in follow-up care to prevent and reduce these impairments.
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The Early versus Late Parenteral Nutrition in the Pediatric Intensive Care Unit 
(PEPaNIC) multicenter, randomized controlled trial (RCT) was conducted to investigate 
ƖĮĎ΄ĎǖĎāƖ΄ŜĦ΄ƶĳƖĮĮŜŉĈĳœħ΄ſåƂĎœƖĎƂåŉ΄œƞƖƂĳƖĳŜœ΄ͬ�kͭ΄ĈƞƂĳœħ΄ƖĮĎ΄ǙƂƊƖ΄ƶĎĎņ΄ŜĦ΄āƂĳƖĳāåŉ΄
illness compared with the standard protocol of starting (supplemental) PN early from 
day one of pediatric intensive care unit (PICU) admission. Allocation to the Late PN 
group resulted in nutritional intakes below recommendations. In total, 1,440 critically 
ill children admitted to the PICU were included in the study. The short-term outcomes 
were promising with a lower incidence of newly acquired infections, and a shorter 
stay at the hospital and PICU in the group of children allocated to the Late PN group 
compared to the group of children allocated to the Early PN group. The long-term 
follow-up of the PEPaNIC trial is described in this thesis. Outcome measurements 
are medical assessment, neurocognitive assessment (including neuropsychological 
tests for general intelligence, visual-motor integration, alertness, motor-coordination, 
executive functioning, and memory), and parent-reported outcomes (executive 
functioning, emotional and behavioral problems, and health-related quality of life 
(HRQoL)).

Chapter 1

Chapter 1 describes the background of the studies included in this thesis. As 
a result of the low mortality rates of children admitted to the PICU, the focus of 
post-PICU research is shifting more towards impairments related to PICS after 
discharge. During recovery after PICU discharge, changes in the four domains of 
PICS (physical, cognitive, emotional, and social functioning) can be assessed both 
objectively and subjectively. The subjective evaluation assesses how changes 
are appraised in relation to daily life of the patients and their families. Subjective 
evaluation of physical functioning, emotional functioning, and social functioning could 
be measured as one construct: HRQoL. This concept indicates whether children 
and families still struggle with impairments and whether they have been able to 
create a ‘new normal’. Cognitive functioning is usually described in neurocognitive 
domains and can be assessed objectively through neuropsychological tests and 
subjectively with questionnaires. The hierarchy of cognitive functions is used to map 
problems in cognitive functioning of children, with lower functions such as sensation 
åœĈ΄åƖƖĎœƖĳŜœ΄åǖĎāƖĳœħ΄ƖĮĎ΄ĈĎƵĎŉŜſőĎœƖ΄ŜĦ΄ĮĳħĮĎƂ΄ĦƞœāƖĳŜœƊ΄ƊƞāĮ΄åƊ΄őĎőŜƂƼ΄åœĈ΄
executive functioning. Impairments in functions lower in the hierarchy were expected 
to result in serious consequences for daily life as the higher functions would be 
ĳőſåĳƂĎĈ΄åƊ΄ƶĎŉŉ͟΄AåāƖŜƂƊ΄ƖĮåƖ΄őåƼ΄ĳœǚƞĎœāĎ΄�N�¢΄åƂĎ΄ſƂĎͲĎƻĳƊƖĳœħ΄ĦåāƖŜƂƊ͚΄ĦåāƖŜƂƊ΄
related to the PICU admission, and/or post-PICU factors. Furthermore, both factors 
related to the child and to the parents will have an impact on the four domains of PICS.

Chapter 1 ends with the aims of this thesis, which were to investigate neurocognitive 
functioning and HRQoL of PICU patients compared with healthy control children, both 
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in literature as well as in children who participated in the PEPaNIC trial. Furthermore, 
ŉŜœħͲƖĎƂő΄ĎǖĎāƖƊ΄ŜĦ΄aåƖĎ΄�k΄ƵĎƂƊƞƊ΄*åƂŉƼ΄�k΄ĈƞƂĳœħ΄�N�¶΄åĈőĳƊƊĳŜœ΄Ŝœ΄ſåƖĳĎœƖƊͽ΄
neurocognitive functioning and on patients’ and parents’ HRQoL, were examined.

Chapter 2

To give an overview of studies investigating neurocognitive functioning and HRQoL 
åĦƖĎƂ΄āƂĳƖĳāåŉ΄ ĳŉŉœĎƊƊ΄ ĳœ΄āĮĳŉĈƂĎœ΄åœĈ΄åĈŜŉĎƊāĎœƖƊ΄ ĳœ΄ƖĮĎ΄ſåƊƖ΄ǙƵĎ΄ƼĎåƂƊ͚΄å΄ŉĳƖĎƂåƖƞƂĎ΄
search was conducted. The results of this search are described in chapter 2. A total 
of 65 studies showed that neurocognitive functioning and HRQoL scores were lower 
in term neonates and children up to 18 years old who were previously admitted to 
the PICU, as compared with children from the general population. Overall however, 
mean scores of the total group of children who survived critical illness were not below 
one standard deviation of the mean score of the general population, indicating that 
scores fell in the normal range of corresponding age-scores.

�ƂĎĈĳāƖŜƂƊ΄ŜĦ΄ƶŜƂƊĎ΄ħĎœĎƂåŉ΄ĳœƖĎŉŉĳħĎœāĎ΄ĳœ΄ĳœĦåœƖƊ΄ĳœ΄ƖĮĎ΄ƊĮŜƂƖ΄ƖĎƂő΄ͬέ̆̇΄őŜœƖĮƊͭ΄ƶĎƂĎ΄
longer length of PICU stay, and in the long term lower weight, lower SES, and older 
age at time of PICU admission. In children older than one year, the following short-
term predictors were associated with lower scores for neurocognitive functioning: 
higher baseline levels of inattention, higher serum levels of the biomarker neuron-
ƊſĎāĳǙā΄ĎœŜŉåƊĎ͚΄ŉŜœħĎƂ΄ŉĎœħƖĮ΄ŜĦ΄�N�¶΄ƊƖåƼ͚΄åœĈ΄ŉŜœħĎƂ΄ĦŜŉŉŜƶͲƞſ΄ƖĳőĎ͟΄Nœ΄ƖĮĎ΄ŉŜœħ΄
term (>12 months), longer length of PICU stay, more circulating phthalates, use of 
benzodiazepines and corticosteroids during PICU admission, and higher premorbid 
developmental risk were associated with lower scores for neurocognitive functioning 
in these older children. With regard to interventions, a working memory training 
improved working memory immediately after participation in the training, which 
however, disappeared in the longer term. No studies investigated predictive factors 
associated with short-term HRQoL scores in infants. Studies that investigated long-
term HRQoL in infants found the need of mechanical ventilation and neurological 
complications (intracranial ischemia or hemorrhage) as predictors for lower scores. 
For children aged one year or older, longer length of PICU stay, older age, and worse 
disease severity were associated with lower HRQoL in the short term. Whereas in the 
long term, elective PICU admission and neurological diagnosis were associated with 
lower HRQoL for older children.

Some studies examined interventions to improve factors related to worse outcomes. 
These studies were mainly done in the short term after PICU admission. Two 
ĳœƖĎƂƵĎœƖĳŜœ΄ƊƖƞĈĳĎƊ΄ĳœƖŜ΄őŜĈĳǙåĀŉĎ΄ĦåāƖŜƂƊ΄ĈƞƂĳœħ΄�N�¶΄åĈőĳƊƊĳŜœ͚΄ĮŜƶĎƵĎƂ͚ ΄ĦŜƞœĈ΄
œŜ΄ĎǖĎāƖ΄Ŝœ΄I��Ŝa΄ŜĦ΄ĈĳǖĎƂĎœƖ΄ƊĎĈåƖĳŜœ΄ſƂŜāĎĈƞƂĎƊ΄åœĈ΄ŜĦ΄ĮƼſŜƖĮĎƂőĳå΄ƵĎƂƊƞƊ΄
normothermia. An intervention study into rehabilitation for children and adolescents 
during follow-up found that rehabilitation nearby home was superior in improving 
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HRQoL scores when compared with a program at the hospital. Furthermore, our 
review showed that early protocolized rehabilitation was not better than care-as-
ƞƊƞåŉ͟΄AĳœåŉŉƼ͚΄å΄ƶŜƂņĳœħ΄őĎőŜƂƼ΄ƖƂåĳœĳœħ΄ƶåƊ΄œŜƖ΄ĎǖĎāƖĳƵĎ΄ĦŜƂ΄ ĳőſƂŜƵĳœħ΄I��Ŝa΄
outcomes in older children in the long term after PICU admission.

Chapter 3

Six months after PICU admission, parents of children who participated in the PEPaNIC 
trial completed HRQoL questionnaires about their child’s HRQoL and about their own 
HRQoL and the results are presented in chapter 3. Parents reported worse HRQoL for 
their children compared to normative data from same-aged children. Interestingly, 
family cohesion appeared not to be impaired. Physical HRQoL of parents of PICU 
survivors was higher (more favorable) than of adults from the general population. On 
the other hand, their mental HRQoL was lower compared to normative data. Parents’ 
őĎœƖåŉ΄I��Ŝa΄ƶåƊ΄åƊƊŜāĳåƖĎĈ΄ƶĳƖĮ΄ƖĮĎ΄āĮĳŉĈͽƊ΄I��Ŝa͟΄¯ĮĳƊ΄ƂĎǚĎāƖƊ΄ƖĮåƖ΄ſåƂĎœƖƊͽ΄
ĈĳƊƖƂĎƊƊ΄ƊĎĎőƊ΄ƖŜ΄ĀĎ΄åƊƊŜāĳåƖĎĈ΄ƶĳƖĮ΄ƖĮĎ΄I��Ŝa΄ŜĦ΄ƖĮĎ΄āĮĳŉĈ͟΄IŜƶĎƵĎƂ͚ ΄ƖĮĳƊ΄ǙœĈĳœħ΄
could also be (partially) explained as a result of shared variance between the two 
questionnaires completed by the same person. Parents reported worse HRQoL scores 
on ‘change in health’ and ‘physical functioning’ for their children, six months after PICU 
admission, when the following factors were present: higher age at admission, longer 
length of PICU stay, and higher risk of mortality. In contrast, cardiac surgery was 
associated with better scores for these scales. For clinical practice, screening parents 
and children within a few months after PICU admission to identify those children and 
parents who are at risk for an impaired HRQoL seems necessary.

Chapter 4

In chapter 4 the developmental outcomes of the two-year follow-up assessment 
are described. Two years after participation in the PEPaNIC RCT, patients had worse 
outcomes compared with healthy control children for height, bodyweight, body-
mass index, head circumference, health status and clinically assessed neurological 
functioning. Furthermore, patients scored worse for parent-reported executive 
functioning and emotional and behavioral problems, and on neuropsychological tests 
for general intelligence, visual-motor integration, alertness, and memory than healthy 
control children. Patients in the Late PN group had better parent-reported executive 
functioning (inhibition, working memory, metacognition, and overall executive 
functioning) and less externalizing problems compared to the Early PN group, 
assessed with questionnaires. Furthermore, children allocated to the Late PN group 
performed better on a neuropsychological test for visual-motor integration compared 
to patients in the Early PN group. Some biological explanations were discussed (e.g. 
suppression of autophagy, alternations in DNA methylation or telomere shortening), 
but further research into these biological explanations is warranted. The young age 
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of the children limits the completeness and reliability of the results, which stresses 
the importance of a longer-term follow-up.

Chapter 5

Chapter 5 presents the role of age at time of exposure in the results described in 
chapter 4. Chapter 4 described that the two-year follow-up of the PEPaNIC trial 
showed that Late PN resulted in more favorable outcomes regarding parent-reported 
executive functioning, externalizing problems, and objectively tested visual-motor 
integration compared to Early PN. These results may be determined by the age at 
time of exposure, especially since some periods are critical for brain development. 
Outcomes that were available for all ages at the two-year follow-up were used in this 
sub-study. Interaction between randomization to Early PN versus Late PN and age at 
time of exposure was found for weight, parent-reported inhibitory control, cognitive 
ǚĎƻĳĀĳŉĳƖƼ͚΄ƶŜƂņĳœħ΄őĎőŜƂƼ͚΄ſŉåœœĳœħ΄åœĈ΄ŜƂħåœĳǆåƖĳŜœ͚΄őĎƖåāŜħœĳƖĳŜœ͚΄ƖŜƖåŉ΄ĎƻĎāƞƖĳƵĎ΄
functioning, internalizing problems, and total emotional and behavioral problems. This 
means that problems in externalizing behavior and visual-motor integration in the 
Early PN group versus the Late PN group were present across all ages. No age group 
ƊĮŜƶĎĈ΄å΄ĀĎœĎǙāĳåŉ΄ĎǖĎāƖ΄ŜĦ΄ĎåƂŉƼ΄åĈőĳœĳƊƖƂåƖĳŜœ΄ŜĦ΄�k͟΄�ĮĳŉĈƂĎœ΄ƶĮŜ΄ƶĎƂĎ΄ĎƻſŜƊĎĈ΄
to Early PN as an infant (29 days - 11 months) were found to have worse scores 
than other age subgroups for parent-reported inhibitory control, working memory, 
metacognition, planning and organization, total executive functioning, internalizing 
problems, and total emotional and behavioral problems. A possible reason for this 
ǙœĈĳœħ΄ ĳƊ΄ ƖĮåƖ΄ ƖĮĎ΄ǙƂƊƖ΄ƼĎåƂ΄ŜĦ΄ ŉĳĦĎ΄ ĳƊ΄āƂĳƖĳāåŉ΄ ĦŜƂ΄ĀƂåĳœ΄ĈĎƵĎŉŜſőĎœƖ΄åœĈ΄ƖĮĎ΄ĀƂåĳœ΄
is highly sensitive to environmental disturbances such as nutrition. Furthermore, 
ƖĮĎ΄ĀƂåĳœ΄ħƂŜƶƊ΄ƊĳħœĳǙāåœƖŉƼ΄ĈƞƂĳœħ΄ƖĮĳƊ΄ſĎƂĳŜĈ͟΄kĎŜœåƖĎƊ΄ͬέ̇̍΄ĈåƼƊͭ΄åœĈ΄āĮĳŉĈƂĎœ΄
aged 5 years or older were least vulnerable to long-term harm induced by early 
administration of PN during PICU admission, which could be explained by stages 
ŜĦ΄ĀƂåĳœ΄ĈĎƵĎŉŜſőĎœƖ͚΄ƶĳƖĮ΄ ŉĎƊƊ΄åĈƵĎƂƊĎ΄ĎǖĎāƖ΄ŜĦ΄*åƂŉƼ΄�k΄Ŝœ΄ƊƼœåſƖŜħĎœĎƊĳƊ΄ ĳœ΄
neonates and less sensitive periods in children older than 5 years.

Chapter 6

In chapter 6, a secondary analysis of the two-year follow-up assessment of patients 
who participated in the PEPaNIC trial investigated whether the better neurocognitive 
outcomes found in the Late PN group compared to the Early PN group (chapter 4) 
ƶĎƂĎ΄åŉƊŜ΄ƂĎǚĎāƖĎĈ΄ĳœ΄ĀĎƖƖĎƂ΄I��Ŝa͟΄AƞƂƖĮĎƂőŜƂĎ͚΄ƖĮĎ΄ƊƖƞĈƼ΄ĎƻåőĳœĎĈ΄ƶĮĎƖĮĎƂ΄ƖĮĎ΄
worse HRQoL in patients compared to children from the general population found 
six months after PICU admission, were still present at two-year follow-up. At the 
two-year follow-up, parents of patients reported worse scores for HRQoL subscales 
related to physical functioning and for single health-utilities index (HUI) domains for 
their child than parents of healthy control children. In young children, up to three years 

9
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old, parent-reported growth and development was worse than that of healthy control 
children, which was in line with the objectively assessed lower height and bodyweight 
in patients compared with healthy control children. In these young children (< 3 years), 
when compared with the six-month follow-up assessment, impairments in physical 
health and general health remained at the two-year follow-up. Worse scores for 
psychosocial domains were no longer found for the young children. However, in older 
children lower scores for psychosocial domains remained at the two-year follow-
up. On the HRQoL questionnaire, parents reported a mental and physical HRQoL 
ƖĮåƖ΄ƶåƊ΄āŜőſåƂåĀŉĎ΄ƖŜ΄ƖĮåƖ΄ŜĦ΄ĮĎåŉƖĮƼ΄āŜœƖƂŜŉ΄ſåƂĎœƖƊ͟΄kŜ΄ĈĳǖĎƂĎœāĎƊ΄ƶĎƂĎ΄ĦŜƞœĈ΄
between randomization groups (Late PN versus Early PN). Self-reports regarding 
I��Ŝa΄āŜőſŉĎƖĎĈ΄ĀƼ΄ƖĮĎ΄āĮĳŉĈƂĎœ΄ƖĮĎőƊĎŉƵĎƊ΄ƖŜ΄ĈĎƖĎƂőĳœĎ΄ſŜƊƊĳĀŉĎ΄ĈĳǖĎƂĎœāĎƊ΄
with parent-reported HRQoL could have provided additional information. However, 
the majority of children were still too young to be able to assess their own HRQoL.

Chapter 7

As shown in chapter 4, the two-year follow-up of the PEPaNIC RCT showed that 
starting PN late during PICU admission compared with starting supplemental nutrition 
ĦƂŜő΄ĈåƼ΄ŜœĎ΄ƶåƊ΄ĀĎœĎǙāĳåŉ΄ĦŜƂ΄ſåƂĎœƖͲƂĎſŜƂƖĎĈ΄ĎƻĎāƞƖĳƵĎ΄ĦƞœāƖĳŜœĳœħ͚΄ĎƻƖĎƂœåŉĳǆĳœħ΄
behavioral problems, and objectively assessed visual-motor integration. However, 
due to the young age, not all neurocognitive tests could have been done reliably. 
Therefore, all patients and/or parents who participated in the PEPaNIC RCT were 
approached for a four-year follow-up, which is described in chapter 7. In addition, the 
group of healthy control children was also approached for this follow-up assessment. 
At the four-year follow-up, patients had worse outcomes than healthy control children 
for height, weight, head circumference, clinically assessed neurological functioning, 
parent-reported executive functioning, and emotional and behavioral problems, 
and for neuropsychological tests for general intelligence, visual-motor integration, 
alertness, motor-coordination, and memory. Children allocated to the Late PN 
group had less parent-reported internalizing, externalizing, and total emotional and 
behavioral problems than children allocated to the Early PN group. In these outcomes, 
āĮĳŉĈƂĎœ΄ĳœ΄ƖĮĎ΄aåƖĎ΄�k΄ħƂŜƞſ΄ƊĮŜƶĎĈ΄œŜ΄ĈĳǖĎƂĎœāĎ΄ĦƂŜő΄ĮĎåŉƖĮƼ΄āŜœƖƂŜŉ΄āĮĳŉĈƂĎœ͟΄
The reported problems with inhibitory control at two-year follow-up probably led to 
emotional and behavioral problems at the four-year follow-up.

Chapter 8

Nœ΄āĮåſƖĎƂ΄͚̍΄ƖĮĎ΄őåĳœ΄ǙœĈĳœħƊ΄ŜĦ΄ƖĮĳƊ΄ƖĮĎƊĳƊ΄åƂĎ΄ĈĳƊāƞƊƊĎĈ͟΄NƖ΄ĳƊ΄ņœŜƶ΄ƖĮåƖ΄ſåƖĳĎœƖƊ͚΄
after admission to the PICU, can experience impairments in four domains: physical, 
cognitive, emotional, and social functioning, described as PICS. The results of 
this thesis showed that patients who participated in the PEPaNIC study overall 
experienced impairments in these four domains at six months, two years and four 
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years follow-up. This was found for objectively measured outcomes (through medical 
assessment and neuropsychological tests) and subjectively measured outcomes 
(through patient reported outcome measurements (PROMs), questionnaires) 
completed by parents. With regard to results of the PEPaNIC randomized controlled 
ƖƂĳåŉ͚΄åŉƖĮŜƞħĮ΄āŜœāĎƂœƊ΄ĎƻĳƊƖĎĈ΄ƂĎħåƂĈĳœħ΄ƖĮĎ΄ĮåƂőĦƞŉ΄ĎǖĎāƖ΄ŜĦ΄aåƖĎ΄�k΄ĈƞƂĳœħ΄�N�¶΄
admission, children allocated to the Late PN group scored not worse on long-term 
outcomes than children allocated to the Early PN group, both two years and four 
years after PICU admission. Moreover, children in the Late PN group scored better 
on some parent-reported outcomes than children in the Early PN group. Parent-
reported outcomes are valuable as parents play an important role in the development 
of the child, especially when children are young. However, parent-reports might be 
åǖĎāƖĎĈ΄ĀƼ΄ƖĮĎĳƂ΄Ŝƶœ΄I��Ŝa͟΄¯ĮĎƂĎĦŜƂĎ͚΄ƊƞĀŃĎāƖĳƵĎ΄őĎåƊƞƂĎőĎœƖƊ΄åœĈ΄ŜĀŃĎāƖĳƵĎ΄
őĎåƊƞƂĎőĎœƖƊ΄ƊĮŜƞŉĈ΄āŜőſŉĎőĎœƖ΄ĎåāĮ΄ŜƖĮĎƂ΄ ĳœ΄ƊāĳĎœƖĳǙā΄ƂĎƊĎåƂāĮ΄åœĈ΄āŉĳœĳāåŉ΄
practice. For the future, a standardized, stepped care, follow-up program should be 
implemented to identify those patients and parents who are at risk for PICS and to 
ŜǖĎƂ΄őŜƂĎ΄ƊſĎāĳåŉĳǆĎĈ΄āåƂĎ΄ĦŜƂ΄ſåƖĳĎœƖƊ΄åœĈ΄ĦåőĳŉĳĎƊ΄ƶĮŜ΄åƂĎ΄åƖ΄ƂĳƊņ΄ĦŜƂ΄ĈĎƵĎŉŜſĳœħ΄
more severe impairments.

9
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Chapter 10

Het gerandomiseerde, gecontroleerde onderzoek vroege versus late parenterale 
voeding op de intensive care (PEPaNIC) werd uitgevoerd om te onderzoeken of er 
een verschil bestaat tussen het laat starten van parenterale voeding (PV, ook wel 
infuusvoeding) en het vroeg starten van PV tijdens een opname op de intensive care 
(ic) voor kinderen. Het standaardprotocol was dat PV vroeg gestart wordt, namelijk 
vanaf de eerste dag dat een kind is opgenomen op de ic. In het PEPaNIC onderzoek 
werd gekeken of het laat starten van PV, wat betekende dat er geen (aanvullende) 
infuusvoeding werd gegeven tijdens de eerste week van kritieke ziekte, leidde tot 
betere uitkomsten. In totaal werden 1440 kritiek zieke kinderen die opgenomen waren 
op de ic geïncludeerd in het onderzoek. De helft van de kinderen werd toegewezen 
tot de late PV groep en de andere helft tot de vroege PV groep. De korte termijn 
resultaten van het PEPaNIC onderzoek waren veelbelovend: kinderen in de late PV 
groep hadden minder nieuwe infecties en waren korter opgenomen op de ic en in 
het ziekenhuis dan kinderen in de vroege PV groep. Deze positieve korte termijn 
resultaten van het laat starten van PV voorspellen mogelijk minder problemen na 
een ic opname op de lange termijn. De lange termijn uitkomsten van de PEPaNIC-
studie zijn beschreven in dit proefschrift. Tijdens de follow-up studie hebben kinderen 
een medisch onderzoek ondergaan, is er gekeken naar neurocognitief functioneren 
(door middel van neuropsychologische tests voor algemene intelligentie, visueel-
motorische integratie, alertheid, motorische coördinatie, executief functioneren en 
geheugen) en hebben ouders vragenlijsten ingevuld (over executief functioneren, 
emotionele- en gedragsproblemen, en gezondheid gerelateerde kwaliteit van leven 
(Health Related Quality of Life, HRQoL)). Er was ook een groep van 405 gematchte 
gezonde controle kinderen waarbij gekeken werd naar dezelfde uitkomsten.

Hoofdstuk 1

Hoofdstuk 1 beschrijft de achtergrond van de onderzoeken beschreven in dit 
proefschrift en geeft een overzicht van eerdere studies over neurocognitief 
functioneren en kwaliteit van leven na een kritieke ziekte bij kinderen. Als gevolg van de 
lage sterftecijfers van kinderen opgenomen op de ic, is de focus van wetenschappelijk 
onderzoek de laatste jaren verschoven van mortaliteit naar problemen die kinderen 
ervaren in het dagelijks leven na kritieke ziekte. Na het doormaken van een kritieke 
ziekte, kunnen kinderen problemen ervaren in vier domeinen (fysiek-, cognitief-, 
emotioneel- en sociaal functioneren), wat ook wel het post-intensive care syndroom 
(PICS) wordt genoemd. Deze problemen kunnen zowel objectief als subjectief worden 
gemeten. De subjectieve evaluatie meet hoe de problemen worden ervaren in het 
dagelijks leven van patiënten en hun families. De subjectieve evaluatie van de 
domeinen fysiek functioneren, emotioneel functioneren en sociaal functioneren 
kan worden gemeten binnen één concept, namelijk HRQoL. Dit concept geeft aan 
in hoeverre kinderen en gezinnen beperkingen ervaren na de kritieke ziekte van het 
kind en of ze een situatie hebben kunnen creëren die voelt als een ‘nieuw normaal’. 
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Cognitief functioneren wordt meestal beschreven in neurocognitieve domeinen en 
kan objectief worden gemeten door middel van neuropsychologische tests en kan 
subjectief gemeten worden door middel van vragenlijsten. Om cognitieve problemen 
in kaart te brengen, kan de hiërarchie van cognitieve functies gebruikt worden. In 
deze hiërarchie beïnvloeden lagere functies, zoals sensatie en aandacht, de hogere 
functies, zoals geheugen en executief functioneren. Problemen in de ontwikkeling 
van functies lager in de hiërarchie hebben naar verwachting ernstigere gevolgen voor 
het dagelijks leven dan stoornissen in de hogere functies, gezien de lagere functies 
ook de hogere functies beïnvloeden. Er zijn verschillende factoren die de uitkomsten 
in de vier domeinen van PICS kunnen beïnvloeden, zoals factoren die aanwezig zijn 
vóór de opname op de ic, factoren die gerelateerd zijn aan de ic opname en factoren 
in de periode na de ic opname (als kinderen aan het herstellen zijn van de ic opname). 
Deze factoren kunnen gerelateerd zijn aan het kind en aan de ouders.

Hoofdstuk 1 eindigt met de doelstellingen van dit proefschrift, namelijk het 
onderzoeken van neurocognitief functioneren en HRQoL van patiënten (en hun 
ouders) die opgenomen waren op de ic Kinderen in vergelijking met gezonde controle 
kinderen, zowel in de literatuur als bij kinderen die eerder deel hebben genomen 
aan de PEPaNIC-studie. Daarnaast is de doelstelling van het proefschrift om te 
ŜœĈĎƂǆŜĎņĎœ΄ƶåƖ΄ĈĎ΄ŉåœħĎ΄ƖĎƂőĳŃœ΄ĎǖĎāƖĎœ΄ǆĳŃœ΄Ƶåœ΄ŉåƖĎ΄�Í΄ƵĎƂƊƞƊ΄ƵƂŜĎħĎ΄�Í΄ƖĳŃĈĎœƊ΄
de ic opname op het neurocognitief functioneren van patiënten, en op de HRQoL 
van patiënten en ouders.

Hoofdstuk 2

Hoofdstuk 2 had als doel een overzicht te geven van de bestaande literatuur over het 
neurocognitief functioneren en de HRQoL van kinderen en adolescenten na kritieke 
ziekte. Er werd een literatuuronderzoek uitgevoerd naar studies gepubliceerd in de 
afgelopen vijf jaar. Er werden 65 studies geïncludeerd in het systematische review, 
die lieten zien dat het neurocognitief functioneren en de HRQoL slechter waren 
ĀĳŃ΄ņĳœĈĎƂĎœ΄ͬå΄ƖĎƂő΄ħĎĀŜƂĎœ΄œĎŜœåƖĎœ΄ͯ΄̆̍΄ ŃååƂͭ΄ĈĳĎ΄ŜſħĎœŜőĎœ΄ƶåƂĎœ΄Ŝſ΄ĈĎ΄ĳā΄
vergeleken met kinderen van de algemene bevolking. De gemiddelde scores van 
de totale groep kinderen die een kritieke ziekte overleefden waren echter niet lager 
dan één standaarddeviatie van de gemiddelde score van de algemene bevolking, 
oftewel binnen de range van scores die als normaal worden gezien.

Voorspeller voor slechtere scores op de korte termijn voor intelligentie bij kinderen 
die opgenomen waren toen ze jonger dan een jaar waren, was een langere 
opname op de ic. Op de langere termijn voorspelden een lager gewicht, een lagere 
sociaaleconomische status en een oudere leeftijd tijdens de ic opname een minder 
goede score op intelligentietests. Bij kinderen van één jaar of ouder werden de 
volgende voorspellers gevonden voor lagere scores op neuropsychologische tests 

10

José_Proefschrift.indd   281José_Proefschrift.indd   281 28/10/2020   16:28:3928/10/2020   16:28:39



282

Chapter 10

op de korte termijn: meer aandachtsproblemen voorafgaand aan de ic opname, 
ĮŜħĎƂĎ΄ ƊĎƂƞőŉĎƵĎŉƊ΄Ƶåœ΄ĈĎ΄ĀĳŜ΄őåƂņĎƂ΄œĎƞƂŜœͲƊſĎāĳǙĎņĎ΄ĎœŜŉåƊĎ͚΄ĎĎœ΄ ŉåœħĎƂĎ΄
opname op de ic en een langere follow-up tijd. Studies die een langer follow-
up interval hadden (> 12 maanden), rapporteerden dat een langere opnameduur 
op de ic, meer circulerende ftalaten (weekmakers van plastic), het gebruik van 
medicijnen zoals benzodiazepines en corticosteroïden tijdens de ic opname, en 
een hoger ontwikkelingsrisico voorafgaand aan de opname op de ic geassocieerd 
waren met lagere scores op neurocognitief functioneren binnen deze groep oudere 
kinderen. Wat betreft studies die een interventie onderzochten, werd gevonden 
dat een werkgeheugentraining het werkgeheugen direct na deelname aan de 
training verbeterde, maar dat deze positieve resultaten op de langere termijn geen 
standhielden.

Studies die HRQoL onderzochten, hebben geen voorspellers gerapporteerd voor 
lagere HRQoL-scores voor kinderen jonger dan een jaar. Studies die HRQoL op lange 
termijn bij kinderen onder het jaar onderzochten, vonden dat kunstmatige beademing 
tijdens de opname en neurologische complicaties (herseninfarct of hersenbloeding) 
lagere scores voorspelden. Voor kinderen van één jaar of ouder waren een langere 
opnameduur op de ic, een oudere leeftijd op het moment van opname en een hogere 
ernst van ziekte geassocieerd met een lagere HRQoL, op de korte termijn na de 
ic opname. Voor oudere kinderen werd gevonden dat een electieve (geplande) 
opname op de ic en een neurologische diagnose een lagere HRQoL voorspelden 
op de langere termijn.

Interventiestudies die probeerden factoren te beïnvloeden om zo de uitkomsten 
na een ic opname te verbeteren, onderzochten vooral de korte termijn uitkomsten. 
¯ƶĎĎ΄ĳœƖĎƂƵĎœƖĳĎƊ΄ĈĳĎ΄ſƂŜĀĎĎƂĈĎœ΄I��Ŝa΄ƖĎ΄ƵĎƂĀĎƖĎƂĎœ͚΄ņĎņĎœ΄œååƂ΄ĮĎƖ΄ĎǖĎāƖ΄Ƶåœ΄
ƵĎƂƊāĮĳŉŉĎœĈĎ΄ƊĎĈåƖĳĎſƂŜāĎĈƞƂĎƊ΄Ďœ΄œååƂ΄ĮĎƖ΄ĎǖĎāƖ΄Ƶåœ΄ĮĎƖ΄ņŜĎŉĎœ΄Ƶåœ΄ĮĎƖ΄ŉĳāĮååő΄
ƖĳŃĈĎœƊ΄ĎĎœ΄ĳā΄ŜſœåőĎ͟΄ÞĳŃ΄ƵŜœĈĎœ΄ħĎĎœ΄ĎǖĎāƖ΄Ƶåœ΄ĈĎ΄ĳœƖĎƂƵĎœƖĳĎƊ΄Ŝſ΄ĈĎ΄I��Ŝa͟΄*Ďœ΄
studie die de aspecten van fysieke revalidatie onderzocht om zo de uitkomsten na een 
ic opname te verbeteren, vond dat revalidatie dichtbij huis beter was voor de HRQoL 
dan wanneer de revalidatie in het ziekenhuis plaatsvond. Een ander onderzoek vond 
dat vroege, geprotocolleerde revalidatie (fysotherapie, ergotherapie, en spraak- en 
taaltherapie) niet leidde tot betere uitkomsten dan de reguliere revalidatie. Ten slotte 
ƶåƊ΄ĎĎœ΄ƖƂåĳœĳœħ΄ƵŜŜƂ΄ĮĎƖ΄ƶĎƂņħĎĮĎƞħĎœ΄œĳĎƖ΄ĎǖĎāƖĳĎĦ΄ƵŜŜƂ΄ĮĎƖ΄ƵĎƂĀĎƖĎƂĎœ΄Ƶåœ΄ĈĎ΄
HRQoL-resultaten bij oudere kinderen op langere termijn na opname op de ic.

Hoofdstuk 3

Zes maanden na de ic opname vulden ouders van kinderen die eerder deel hadden 
genomen aan de PEPaNIC-studie HRQoL-vragenlijsten in over hun kind en over 
zichzelf. De resultaten van deze vragenlijsten worden besproken in hoofdstuk 3. 
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Ouders rapporteerden een slechtere HRQoL voor hun kinderen vergeleken met 
normatieve data bestaande uit kinderen van dezelfde leeftijd. Interessant is dat 
de samenhang binnen het gezin (cohesie) niet slechter was binnen families van 
patiënten in vergelijking met families van leeftijdsgenoten uit de algemene bevolking. 
Fysieke HRQoL van ouders van kritiek zieke kinderen was hoger (gunstiger) dan van 
volwassenen uit de algemene bevolking. Aan de andere kant was hun mentale 
HRQoL lager in vergelijking met gegevens uit de algemene bevolking. De mentale 
HRQoL van ouders was daarnaast geassocieerd met de HRQoL die de ouders voor 
het kind rapporteerden. Dit betekent dat de mentale problemen die ouders ervaren 
na een ic opname van het kind verband houden met de HRQoL van het kind. Deze 
bevinding kan echter ook (gedeeltelijk) verklaard worden door de gedeelde variantie 
tussen de twee vragenlijsten die door dezelfde ouder zijn ingevuld. Daarnaast werd 
gevonden dat een hogere leeftijd van het kind bij opname, langere opnameduur op 
de ic en een hoger risico op sterfte leidden tot lagere HRQoL-scores van het kind op 
de subschalen ‘verandering in gezondheid’ en ‘fysiek functioneren’, zes maanden 
na opname op de ic. Daarentegen was een cardiale diagnose geassocieerd met 
betere scores op deze schalen. Voor de klinische praktijk impliceren de resultaten 
uit hoofdstuk 3 dat kinderen en ouders binnen een aantal maanden na de ic opname 
ħĎƊāƂĎĎœĈ΄őŜĎƖĎœ΄ƶŜƂĈĎœ΄Ŝő΄ņĳœĈĎƂĎœ΄Ďœ΄ŜƞĈĎƂƊ΄ƖĎ΄ĳĈĎœƖĳǙāĎƂĎœ΄ĈĳĎ΄ƂĳƊĳāŜ΄ŉŜſĎœ΄
op een verminderde HRQoL.

Hoofdstuk 4

In hoofdstuk 4 worden de resultaten van de follow-up studie, twee jaar na ic 
opname, beschreven. Twee jaar na deelname aan de PEPaNIC-studie hadden 
patiënten slechtere resultaten voor lengte, lichaamsgewicht, BMI, hoofdomtrek, 
gezondheidsstatus en klinisch beoordeeld neurologisch functioneren, in vergelijking 
met gezonde controle kinderen. Bovendien scoorden patiënten slechter dan gezonde 
controle kinderen op vragenlijsten voor executief functioneren en emotionele- en 
gedragsproblemen ingevuld door ouders, en op neuropsychologische tests voor 
algemene intelligentie, visueel-motorische integratie, alertheid en geheugen. 
Patiënten in de late PV groep hadden betere uitkomsten voor ouder-gerapporteerd 
executief functioneren (inhibitie, werkgeheugen, metacognitie, totaal executief 
functioneren) en externaliserende problemen in vergelijking met kinderen in de 
vroege PV groep. Bovendien presteerden kinderen in de late PV groep beter dan 
patiënten in de vroege PV groep op een neuropsychologische test voor visueel-
motorische integratie. Enkele biologische verklaringen werden in dit hoofdstuk 
besproken (bv. het verstoren van het zelfreinigend systeem van het lichaam door 
vroege PV of veranderingen in de structuur van het DNA), maar verder onderzoek 
naar deze biologische verklaringen is nodig. De jonge leeftijd van de kinderen in 
de studie beperkte de volledigheid en betrouwbaarheid van de resultaten, wat het 
belang van een langere termijn follow-up onderstreept.

10

José_Proefschrift.indd   283José_Proefschrift.indd   283 28/10/2020   16:28:3928/10/2020   16:28:39



284

Chapter 10

Hoofdstuk 5

Hoofdstuk 5 beschrijft de mogelijke rol die leeftijd op het moment van ic opname 
speelt in de resultaten die werden gevonden in hoofdstuk 4. Hoofdstuk 4 beschreef 
dat twee jaar na PEPaNIC late PV resulteerde in gunstiger resultaten op ouder-
gerapporteerde uitkomsten (op executief functioneren en externaliserende 
problemen) en op objectief geteste visueel-motorische integratie, in vergelijking met 
vroege PV. Deze resultaten zijn mogelijk beïnvloed door de leeftijd van kinderen op 
het moment van de ic opname, vooral omdat sommige periodes in de ontwikkeling 
cruciaal zijn voor de hersenontwikkeling. Onderzoeksresultaten die beschikbaar 
waren voor alle leeftijden binnen de twee-jaars PEPaNIC follow-up studie werden 
gebruikt. Interactie tussen randomisatie (late PV of vroege PV) en leeftijd op het 
moment van ic opname werd gevonden voor gewicht en ouder-gerapporteerde 
ĳœĮĳĀĳƖĳĎ͚΄āŜħœĳƖĳĎƵĎ΄ǚĎƻĳĀĳŉĳƖĎĳƖ͚΄ƶĎƂņħĎĮĎƞħĎœ͚΄ſŉåœœĳœħ΄Ďœ΄ŜƂħåœĳƊåƖĳĎ͚΄őĎƖåāŜħœĳƖĳĎ͚΄
totaal executief functioneren, internaliserende problemen en totale emotionele- en 
gedragsproblemen. Dit betekent dat de problemen in externaliserend gedrag en 
visueel-motorische integratie in de late PV groep versus de vroege PV groep over alle 
leeftijden heen aanwezig waren. Vroege PV leidde in geen enkele leeftijdsgroep tot 
ĎĎœ΄ħƞœƊƖĳħĎƂ΄ĎǖĎāƖ΄Ĉåœ΄ŉåƖĎ΄�Í͟΄_ĳœĈĎƂĎœ΄ĈĳĎ΄ƶĎƂĈĎœ΄ĀŉŜŜƖħĎƊƖĎŉĈ΄ååœ΄ƵƂŜĎħĎ΄�Í΄åŉƊ΄
baby (29 dagen - 11 maanden) bleken twee jaar later slechter te scoren dan andere 
leeftijdsgroepen op ouder-gerapporteerde inhibitie, werkgeheugen, metacognitie, 
planning en organisatie, totaal executief functioneren, internaliserende problemen, 
en totale emotionele- en gedragsproblemen. Een mogelijke verklaring voor deze 
bevinding was dat het eerste levensjaar cruciaal is voor de ontwikkeling van de 
hersenen en dat de hersenen op dat moment gevoelig zijn voor omgevingsinvloeden 
zoals voeding. Bovendien groeien de hersenen tijdens deze periode aanzienlijk. 
�åƊħĎĀŜƂĎœĎœ΄ ͬέ̇̍΄ ĈåħĎœͭ΄ Ďœ΄ ņĳœĈĎƂĎœ΄ Ƶåœ΄ ̊΄ ŃååƂ΄ ŜĦ΄ ŜƞĈĎƂ΄ ƶåƂĎœ΄ ĮĎƖ΄ őĳœƊƖ΄
kwetsbaar voor schade op lange termijn veroorzaakt door vroege PV tijdens de 
ic opname. Dit kan mogelijk worden verklaard door de verschillende stadia van 
ĈĎ΄ĮĎƂƊĎœŜœƖƶĳņņĎŉĳœħ͚΄őĎƖ΄ĎĎœ΄őĳœĈĎƂ΄œåĈĎŉĳħ΄ĎǖĎāƖ΄Ƶåœ΄ƵƂŜĎħĎ΄�Í΄Ŝſ΄ĈĎ΄ĮĎƖ΄
aanmaken van nieuwe verbindingen in de hersenen bij pasgeborenen en minder 
gevoelige periodes voor de breinontwikkeling bij kinderen ouder dan 5 jaar.

Hoofdstuk 6

In hoofdstuk 6 werd onderzocht of de gunstigere resultaten op het neurocognitief 
functioneren die werden gevonden in de late PV groep in vergelijking met de vroege 
PV groep (hoofdstuk 4) ook werden weerspiegeld in een betere HRQoL twee jaar 
na deelname aan PEPaNIC. De resultaten lieten zien dat ouders van patiënten 
slechtere scores rapporteerden dan ouders van gezonde controle kinderen voor 
HRQoL-subschalen gerelateerd aan fysiek functioneren en de gezondheidsstatus van 
hun kind. Voor jonge patiënten tot en met drie jaar waren de ouder-gerapporteerde 
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groei en ontwikkeling (twee jaar na ic opname) slechter dan voor gezonde 
controle kinderen, wat overeenkwam met de objectief gemeten lagere lengte en 
lichaamsgewicht van patiënten in vergelijking met gezonde controle kinderen. Bij 
ĈĎǆĎ΄ŃŜœħĎ΄ņĳœĈĎƂĎœ΄ͬέ̈΄ŃååƂͭ΄ĀŉĎņĎœ΄ĈĎ΄ſƂŜĀŉĎőĎœ΄ĳœ΄ĈĎ΄ŉĳāĮåőĎŉĳŃņĎ΄ħĎǆŜœĈĮĎĳĈ΄
en de algemene gezondheid die gevonden werden bij de zes maanden follow-up, 
ook aanwezig na twee jaar. Slechtere scores op psychosociale domeinen werden 
œå΄ƖƶĎĎ΄ŃååƂ΄œĳĎƖ΄őĎĎƂ΄ħĎƵŜœĈĎœ΄ƵŜŜƂ΄ŃŜœħĎ΄ņĳœĈĎƂĎœ͟΄�ĳŃ΄ŜƞĈĎƂĎ΄ſåƖĳĚœƖĎœ΄ͬά̉΄ŃååƂͭ΄
werden de lagere scores op psychosociale domeinen in vergelijking met gezonde 
controle kinderen ook na twee jaar gevonden. Op de HRQoL-vragenlijst voor ouders 
zelf rapporteerden ouders een mentale en fysieke HRQoL die vergelijkbaar was met 
die van ouders van gezonde controle kinderen. Er werden over het algemeen geen 
verschillen gevonden tussen randomisatiegroepen (late PV versus vroege PV). Als 
kinderen zelf ook vragenlijsten hadden ingevuld, had dat aanvullende informatie 
kunnen bieden bij dit onderzoek. De meerderheid van de kinderen was echter nog 
te jong om hun eigen HRQoL te kunnen beoordelen.

Hoofdstuk 7

Zoals beschreven in hoofdstuk 4, toonde de follow-up twee jaar na de PEPaNIC-studie 
aan dat het laat starten van PV tijdens de ic opname, in vergelijking met het starten 
van aanvullende PV vanaf de eerste dag, gunstig was voor ouder-gerapporteerd 
executief functioneren, externaliserende gedragsproblemen en objectief gemeten 
visueel-motorische integratie. Vanwege de jonge leeftijd van kinderen in de PEPaNIC-
studie konden echter niet alle neuropsychologische tests (betrouwbaar) worden 
afgenomen. Daarom werden alle patiënten en/of ouders die eerder deel hadden 
genomen aan de PEPaNIC-studie benaderd voor een follow-up vier jaar na ic opname. 
De uitkomsten hiervan worden beschreven in hoofdstuk 7. De groep gezonde controle 
kinderen werd ook benaderd voor deze follow-up. De resultaten toonden aan dat 
patiënten slechtere uitkomsten hadden dan gezonde controle kinderen voor lengte, 
gewicht, hoofdomtrek, klinisch beoordeeld neurologisch functioneren, ouder-
gerapporteerd executief functioneren en emotionele- en gedragsproblemen, en 
voor neuropsychologische tests voor algemene intelligentie, visueel-motorische 
integratie, alertheid, motorische coördinatie en geheugen. Kinderen in de late PV 
groep hadden minder ouder-gerapporteerde internaliserende, externaliserende en 
totale emotionele- en gedragsproblemen dan kinderen in de vroege PV groep. Voor 
deze uitkomsten werden geen verschillen gevonden tussen kinderen in de late PV 
groep en gezonde controle kinderen. De door ouders gerapporteerde problemen met 
inhibitie gevonden bij de follow-up twee jaar na ic opname, leidden waarschijnlijk tot 
emotionele- en gedragsproblemen die gevonden werden bij de follow-up na vier jaar.

10
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Hoofdstuk 8

In hoofdstuk 8 worden de belangrijkste bevindingen van dit proefschrift 
bediscussieerd. Uit de literatuur is bekend dat patiënten, na een opname op de 
ic, problemen kunnen ervaren in vier domeinen: fysiek -, cognitief -, emotioneel 
- en sociaal functioneren, ook wel beschreven als PICS. Uit de resultaten van dit 
proefschrift is gebleken dat kinderen die deelnamen aan de PEPaNIC studie over 
het algemeen problemen ervaarden in alle vier de domeinen, op alle drie de 
meetmomenten (zes maanden, twee jaar en vier jaar na ic opname). Deze resultaten 
werden gevonden op objectief gemeten uitkomsten (zoals medisch onderzoek 
en neuropsychologische tests) en subjectief gemeten uitkomsten (vragenlijsten) 
ingevuld door ouders. Met betrekking tot de resultaten van de PEPaNIC studie 
ƶĎƂĈĎœ΄ŜœĈåœņƊ΄ĈĎ΄ǆŜƂħĎœ΄ĈĳĎ΄ĀĎƊƖŜœĈĎœ΄ŜƵĎƂ΄ĈĎ΄ƊāĮåĈĎŉĳŃņĎ΄ĎǖĎāƖĎœ΄Ƶåœ΄ŉåƖĎ΄�Í΄
tijdens ic opname, geen slechtere lange termijn resultaten (twee en vier jaar na ic 
opname) gevonden voor kinderen in de late PV groep vergeleken met kinderen in 
de vroege PV groep. Ouder-gerapporteerde resultaten zijn waardevol gezien ouders 
een belangrijke rol spelen in de ontwikkeling van het kind, vooral als kinderen jong 
zijn. Anderzijds kunnen ouder-gerapporteerde vragenlijsten beïnvloed zijn door 
hun eigen kwaliteit van leven. Daarom is het belangrijk objectieve en subjectieve 
uitkomstmaten allebei te gebruiken in de wetenschap en klinische praktijk, zodat het 
een aanvulling op elkaar is. In de toekomst zou een gestandaardiseerd, stapsgewijs 
follow-up programma geïmplementeerd moeten worden om de kinderen en ouders 
ƖĎ΄ ĳĈĎœƖĳǙāĎƂĎœ΄ĈĳĎ΄őŜħĎŉĳŃņ΄�N�¢΄ŜœƖƶĳņņĎŉĎœ΄Ďœ΄ĈƞƊ΄ĎƻƖƂå΄Įƞŉſ΄œŜĈĳħ΄ĮĎĀĀĎœ͟΄
Daarnaast kunnen kinderen en families die meer ernstige problemen ervaren dan 
vroeg hulp krijgen.
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