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Abstract
Background: Advances in paediatric critical care have resulted in a reduction in mortality. This has shifted the focus
to paediatric intensive care unit (PICU)-related morbidities and how to reduce or prevent them. In this study, we
aimed to study the impact of paediatric intensive care unit (PICU) admission on neurocognitive performance.
Methods: Intelligence quotient (IQ) was tested in 50 children (27 boys, 23 girls; mean age 6.98 years) 3 months after
PICU discharge and in 75 controls using the Stanford-Binet IQ test.
Results: There was no statistically significant difference between patients and controls with regard to IQ scores, and
no difference between medical and surgical patients (p > 0.05). IQ was unaffected by sedation, blood transfusion,
or blood product transfusion. Patients who underwent a major surgical procedure, needed inotropic support, and
needed mechanical ventilation had non-significantly lower IQ scores than those who did not. A non-significant negative correlation was observed between the length of PICU stay, mechanical ventilation duration, sedative use, and
inotropic support.
Conclusions: PICU admission does not appear to significantly affect cognitive outcomes in paediatric survivors.
Keywords: Intelligence tests, Neurocognitive outcome, Paediatric intensive care units, Stanford-Binet test
What is already known on the topic?
• Recent advances in paediatric critical care have dramatically improved patient survival; therefore, attention has shifted from mortality to possible morbidities.
• Post-intensive care syndrome (PICS) is well characterised in adults and involves impairment of quality
of life and cognitive and neuropsychiatric functions.
• Similarly, PICS is thought to occur in children; studying its varied aspects is needed for the characterisation of this syndrome in this age group to allow for
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better prediction of long-term outcomes following
admission to PICU.

What this paper adds
• PICU admission may not be associated with adverse
cognitive outcomes in children.
• Confounding factors, including variability of patient
characteristics, admission diagnoses, and pre-admission health status, are thought to affect long-term
outcomes irrespective of the events that occur during
PICU admission.
• Further research is needed using standardised patient
groups, clinical characteristics, type, and time of
assessment methods employed before a generalizable
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conclusion about the impact of PICU admission on
cognitive abilities in children can be made.

Background
Critical care advancement has improved outcomes following paediatric intensive care unit (PICU) admission
[1]. An Egyptian tertiary hospital PICU had a mortality
rate of 33.1% [2]. African and Middle Eastern countries
have reported mortality rates of 30.9–37.4% between
2013 and 2016 [3–5]. Besides mortality, studying the
extent and impact of morbidities on paediatric critical illness is crucial [6].
Research on adults with critical illness has shown several physical, neuropsychiatric, and quality of life (QoL)
impairments causing permanent global and executive
function defects [7]. This “post-intensive care syndrome”
(PICS) is also seen in children [8].
The PICS in paediatrics (PICS-p) framework was proposed to conceptualise PICS in children by assessing
potential post-PICU physical, cognitive, emotional, and
social health impairments. The interaction between the
pre-admission health statuses, the cause, PICU admission course, and how families handle resultant impairments are thought to determine the children’s outcomes.
Studies are needed to validate and refine framework
aspects to determine the outcomes of paediatric critical
illness [9].
Recent paediatric studies have investigated physical [1,
10–15], neurocognitive [16–18], and psychological morbidities [19]. Significant study population variability and
their outcome measures have caused many confounding
factors [9].
We assessed the cognitive impact of PICU admission in
children, after excluding patients with a disease or condition thought to independently affect cognition.
Methods
Patient recruitment and consent

Enrolled children were over 2 years old at admission
and discharged alive from our institution; their different
admission diagnoses are listed in Additional file 1: Tables
S1 and S2. Patient data were collected during their ICU
stay with parental or legal guardians’ consent to conduct
the test 3 months post-discharge.
Children with pre-existing neurological morbidity,
known chronic illness, genetic syndrome, admission for
neurological reasons, or with seizure development during PICU admission were excluded. We excluded likely
cognition-affecting factors, irrespective of PICU events
and interventions. Exclusion reasons were as follows: (1)
< 24 h in the ICU, (2) parents or legal guardians refused
participation, (3) re-admitted to the PICU for > 48 h
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post-initial discharge, and (4) no discharge summary or
contact details available.
Healthy age- and gender-matched controls without
known chronic illness or any parent or teacher concerns
about their motor or mental development and no acute
illness at the assessment time were recruited from the
patients’ family and friends.
Study protocol

This prospective cohort study was conducted in a tertiary
university paediatric hospital PICU that is equipped with
25 beds and serves approximately 200 patients/year. We
aimed to assess the neurocognitive outcome of the PICU
survivors.
Fifty children discharged from the PICU (consecutively recruited between June 2018 and December 2018)
and 75 controls underwent intelligence domain neurocognitive testing using the Stanford-Binet Intelligence
Scale Fifth Edition (SB-5) 3 months post-ICU discharge.
The 3-month point reflecting the short-term cognitive
outcome was selected. Furthermore, literature review
showed that most similar studies assessed children at
3 (and maybe again at 9 or 12) months post-PICU discharge to assess short- and long-term outcomes.
The SB-5 scale assesses the total intelligence quotient
(TIQ), verbal intelligence quotient (VIQ), and performance (non-verbal) intelligence quotient (PIQ). The
results are further used to categorise patients and controls into five categories: average (IQ 90–109), dull average (IQ 80–89), borderline (IQ 70–79), mildly impaired
(IQ 55–69), and impaired (IQ 40–54) [20].
The scale diagnoses many developmental disabilities
and is commonly used for paediatric cognitive assessment (age ≥ 2 years). It has a strong correlation with
other intelligence tests and is the most used test according to the 2001 US Census [20].
We chose the SB5 as an intelligence test because (1)
of reliability and validity evidence; (2) it covers the widest age range using a single test, with easy administration and data collection and analysis; and (3) we could
enrol children as young as 2 years old, and this was not
an option with other tests. The last point is important,
as many of our PICU children were in the younger age
groups.
Statistical analyses (using SPSS version 25.0; IBM
Corp., Armonk, NY) were performed according to each
parameter’s data type, using descriptive (mean, standard
deviation, parametric numerical data range, non-numerical data frequency, and percentage) and analytical statistics. Student’s t, chi-square, and Fisher’s exact tests were
used for statistical significance difference assessment
between the two study groups and to study the relationship between two qualitative variables when the expected
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count was < 5 in over 20% of the cells, respectively. Correlation analysis (using Pearson’s method) was used to
assess the strength of the association between two quantitative variables. The correlation coefficient denoted r
defines the strength and direction of the linear relationship between two variables (r = 0–0.19, very weak correlation; r = 0.2–0.39, weak correlation; r = 0.40–0.59,
moderate correlation; r = 0.6–0.79, strong correlation;
and r = 0.8–1, very strong correlation). The p-value was
used to determine significance (p > 0.05, non-significant;
p < 0.05, significant; and p < 0.01, highly significant).

Results
The patients’ mean age was 6.08 ± 4.05 years (range:
2–16, 54% [27/50] male). The admission rate was 38%
for medical reasons and 62% for postoperative management. Among these, 54% needed sedation, 38% assisted
ventilation, and 12% required inotropic support. Only 8%
required blood or blood product transfusions. The mean
PICU length of stay (LOS) was 5.9 ± 2.5 days.
Most surgical patients underwent major operations
(85.2%). (Additional file 1: Table S2). Postoperative complications, such as sepsis and wound infection, were
recorded in 16% of the patients.
Patients and controls had similar IQ (p > 0.05)
(Table 1), with no difference between male and female
patients (p > 0.05) and between medical and surgical
patients (p > 0.05). However, 6% of the surgical patients
had borderline and mildly impaired IQ (Table 2).
The mean verbal, performance, and total IQ values
were lower in the major surgery group, though the difference was statistically insignificant (p-values VIQ: 0.12,
PIQ: 0.20, and TIQ: 0.11). Among the major surgery
group, 8.7% were in the mildly impaired and borderline
IQ category and 17% were in the dull average category,
whereas 100% of the minor surgery group fell in the average IQ category (Table 2).

Page 3 of 7

Surgical patients with and without postoperative complications were statistically similar. The mean IQ subset
values and the patient percentages in the different IQ categories were also comparable (Table 2).
The mean verbal, performance, and total IQ values
were lower in the assisted ventilation group than in the
group without assisted ventilation (p-value = 0.058).
Moreover, children who needed assisted ventilation
were in the lower total IQ categories (p-value = 0.057).
The mean verbal, performance, and total IQ scores were
lower in the group that needed inotropic support during their ICU stay, although statistically insignificant
(Table 2).
Sedative use and blood transfusion were not associated
with a significant IQ difference. There was a consistent
negative correlation between verbal, performance, and
total IQ scores and PICU LOS, mechanical ventilation,
sedative use, and inotropic support, though statistically
insignificant (Table 3).

Discussion
Studies that have evaluated the PICU admission impact
on health-related QoL, and cognitive abilities in children
without pre-existing or concurrent neurological disorders are scarce [16–18]. We observed no statistically significant difference in IQ between patients and controls.
Conflicting previous studies report minimal, if any deficits, after PICU admission [10, 11, 13, 14] or a substantial
negative impact on QoL, functional outcome, and cognition [17, 21–23]. One study reported persistently poor
academic performances post-discharge from PICU [
The heterogeneous demographic and clinical characteristics of previous PICU cohorts could have caused
this variability. Our cohorts had a mean age of 6.08 years,
while it ranged from 1 to 10 years in other studies [1,
11, 13, 14, 16, 17, 22]. In one study, the age range was
2.5–31.6 years [14]. Different age groups with different

Table 1 Comparative analysis of intelligence quotient test interpretation
Group

VIQ
PIQ
Interpretation of test

Patients (n = 50)

Controls (n = 75)

Mean ± SD, N (%)

Mean ± SD, N (%)

p-value

Sig.

91.88 ± 7.83

93.17 ± 7.67

93.08 ± 8.58

95.17 ± 8.12

92.02 ± 9.24

TIQ
Mildly impaired

Student’s t-test

1 (2%)

0.361

NS

92.73 ± 8.28

0.653

NS

0.170

NS

0 (0%)

0.44(F)

NS

Borderline

1 (2%)

3 (4%)

Dull average

11 (22%)

11 (14.67%)

Average

37 (74%)

61 (81.33%)

IQ intelligence quotient, VIQ verbal IQ, PIQ performance IQ, TIQ total IQ, SD standard deviation, F Fisher’s exact test, Sig. significance, NS non-significant

Minor (n = 4)

Present (n = 5)

Needed (n = 19)

Needed (n = 27)

Needed (n = 6)

Type of surgery

Postoperative complications
(surgical patients)

Mechanical ventilation

Sedatives

Inotropic support

0.311

0.477

91 ± 8.15

0 (0%)

0.119

0.202

0.841

p-value

0.378

90.8 ± 10.71

Mean ± SD, N (%) 95.6 ± 5.64

0.113

p-value

0.311

95.5 ± 2.38

0.706

86 ± 14.44

0.706

0.119

0.438

IQ intelligence quotient, VIQ verbal IQ, PIQ performance IQ, TIQ total IQ, SD standard deviation, F Fisher’s exact test

p-value

Not needed (n = 46) Mean ± SD, N (%) 91.37 ± 7.91 91.72 ± 9.56

Mean ± SD, N (%) 97.75 ± 3.4

p-value

Mean ± SD, N (%) 86 ± 10

0.311

Not needed (n = 44) Mean ± SD, N (%) 92.68 ± 7.26 92.84 ± 8.2

p-value

0.378

92.76 ± 8.87

96.75 ± 1.5

0.539

93.93 ± 7.71

0 (0%)

0 (0%)

10 (22.73%)

1 (16.67%)

0.629(F)

33 (71.74%) 11 (23.91%)

4 (100%)

0.243(F)

33 (75%)

0.084(F)

15 (65.22%) 8 (34.78%)

22 (81.48%) 3 (11.11%)

0.057(F)

26 (83.87%) 4 (12.9%)

11 (57.89%) 7 (36.84%)

0.318(F)

20 (76.92%) 5 (19.23%)

4 (80%)

1.00(F)

86.83 ± 12.53 4 (66.67%)

0.539

92.26 ± 6.92

0.132

94.52 ± 7.67

90..74 ± 9.64

Mean ± SD, N (%) 92.93 ± 8.25 92.48 ± 10.68 93.78 ± 9.86

0.058

89.37 ± 9.86

Mean ± SD, N (%) 89.21 ± 8.5

0.825

92.2 ± 10.26

0.111

Mean ± SD, N (%) 91.92 ± 8.77 91.88 ± 10.98 93.27 ± 9.74

p-value

Mean ± SD, N (%) 90.91 ± 8.76 90.96 ± 11.37 91.65 ± 10.05 20 (73.91%) 5 (17.3 %)

Mean ± SD, N (%) 98.25 ± 4.92 98.75 ± 7.63

0.603(F)

24 (77.42%) 5 (16.13%)

13 (68.42%) 6 (31.58%)

0.72(F)

16 (69.57%) 6 (26.09%)

1 (2.17%)

0 (0%)

1 (2.27%)

0 (0%)

0 (0%)

1 (3.7%)

1 (3.23%)

0 (0%)

0 (0%)

1 (20%)

1 (4.35%)

0 (0%)

1 (3.23%)

0 (0%)

1 (4.35%)

0 (0%)

1 (2.17%)

0 (0%)

0 (0%)

1 (16.67%)

0 (0%)

1 (3.7%)

0 (0%)

1 (5.26%)

1 (3.85%)

0 (0%)

1 (4.35%)

0 (0%)

1 (3.23%)

0 (0%)

0 (0%)

0 (0%)

0 (0%)

0 (0%)

0 (0%)

0 (0%)

0 (0%)

0 (0%)

0 (0%)

0 (0%)

0 (0%)

0 (0%)

0 (0%)

0 (0%)

0 (0%)

0 (0%)

0 (0%)

0 (0%)

Dull Average Borderline Mildly impaired Impaired

21 (77.78%) 5 (18.52%)

Average

IQ test categories

100.25 ± 5.32 4 (100%)

0.986

0.765

p-value

0.469

92.52 ± 8.38

Mean ± SD, N (%) 90.84 ± 6.92 92.53 ± 6.2

Not needed (n = 23) Mean ± SD, N (%) 90.65 ± 7.29 91.48 ± 7.39

Blood/blood product transfusion Needed (n = 4)

0.253

91.57 ± 7.18

Mean ± SD, N (%) 92.52 ± 8.38 91.71 ± 10.77 93.1 ± 9.66

p-value

Mean ± SD, N (%) 90.65 ± 7.3

TIQ

Mean ± SD, N (%) 92.93 ± 8.24 92.89 ± 10.14 94.37 ± 9.56

PIQ

Not needed (n = 31) Mean ± SD, N (%) 93.52 ± 7.03 93.65 ± 8.59

Absent (n = 26)

Major (n = 27)

Surgical (n = 31)

Medical (n = 19)

Cause of admission

Female (n = 23)

Male (n = 27)

Gender

VIQ

Table 2 Correlation between intelligence quotient values and paediatric intensive care unit patient characteristics
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Table 3 Correlations between intelligence quotient domains and patients’ age, PICU stay length, mechanical ventilation duration, and
inotropic support duration
Age (years)

VIQ

PIQ

TIQ

Pearson correlation

0.331

p-value

0.019

Duration of PICU
stay (days)
− 0.158

0.273

Duration of
ventilation (days)
− 0.080

0.744

Duration of sedative
use (days)
− 0.059

0.779

Duration of
inotrope use
(days)
− 0.476

0.340

Sig.

S

NS

NS

NS

NS

Pearson correlation

0.223

− 0.004

− 0.083

− 0.023

− 0.367

p-value

0.120

0.975

0.735

0.912

0.474

Sig.

NS

NS

NS

NS

NS

Pearson correlation

0.211

p-value

0.141

0.988

− 0.002

0.621

− 0.121

0.967

− 0.009

0.512

− 0.338

Sig.

NS

NS

NS

NS

NS

PICU, paediatric intensive care unit stay; IQ, intelligence quotient; VIQ, verbal IQ; PIQ, performance IQ; TIQ, total IQ; Sig., significance; NS, non-significant

admission diagnoses underwent different interventions.
Thus, finding a unified assessment approach is difficult.
Different assessment tools, including the Multi-Attribute Health Status Classification System [10, 11], Health
State Utilities Index [12, 13, 15], generic questionnaires
[13], the Paediatric Cerebral Performance Category for
cognitive morbidity, the Paediatric Overall Performance
Category [22], and various neuropsychological batteries
assessing multiple cognitive domains and academic performance, were used across the variable cohorts [16, 17].
This lack of assessment method standardisation makes
outcome comparison difficult [9, 16].
School performance or the ability to live independently may not always be appropriate to assess very
young children incapable of either [1, 10, 11]. Several
current assessment methods have not been validated in
infants, who constitute a substantial percentage of PICU
admissions.
As in our cohort, a slight male preponderance was
observed in most paediatric PICU studies (54–65%) [12,
13, 16, 18, 22]. Our medical patients constituted only 38%
of the cohort, and the rest were surgical patients. In one
study, surgical patients outnumbered medical patients
[10]. In other studies, the opposite was observed [20].
Mechanical ventilation and inotropic support were
needed in 38% and 12% of our patients, respectively. The
need for both varied widely between studies (30–76%
mechanical ventilation [1, 12–14] and 27–40.6% inotropic support [1, 13, 14]).
We observed a consistent, non-significant negative correlation between IQ values and the duration of
mechanical ventilation, sedation, and inotropic support.
Mechanical ventilation and sedation are independent risk
factors for cognitive impairment post-PICU discharge
[23]. While both have side effects, children requiring

more aggressive intervention in the PICU probably had a
pre-existing severe illness, and this is probably the more
important determinant of functional outcome.
The mean length of PICU stay here was 5.9 ± 2.5 days.
The range in similar studies was 4.24–5.7 days [10, 11, 13,
22]. We observed that the mean LOS negatively correlated with IQ values, though insignificantly. In one study,
a prolonged paediatric PICU stay had unfavourable outcomes; however, these patients had more comorbidities
or disabilities than did the short-stay patients [10]. Neither illness severity at admission nor PICU LOS were risk
factors for subsequent cognitive morbidity in a recent
meta-analysis [23].
We excluded children with pre-existing neurological
diseases that were likely to impact functional outcomes.
In most similar studies, 12–66% of patients had pre-existing, common neurological morbidities [1, 11, 14, 22] that
were associated with worse long-term outcomes [1, 10].
We excluded children admitted with acute neurological
illnesses like meningitis (an independent poor outcome
predictor). Admissions for acute neurological illnesses
constitute 6–18% of different PICU cohorts [1, 14, 16,
22] with poorer outcomes [10, 11]. Such studies have
specified deficits in children with septic illness, including meningococcal disease [16, 17] and patients with premorbid conditions [17].
In one study, seizures during admission were also a
predictor of worse outcomes. Although seizures could
be due to hypoxia or electrolyte disturbance that led to
PICU interventions [24], they could also be symptoms
of primary neurological illnesses like meningitis or sepsis with central nervous system involvement. In another
review, seizures were not a risk factor for cognitive
impairment post-PICU admission [23].
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PICU-related morbidities tend to resolve over time
[9, 13]. Therefore, a problem with previous studies is
the lack of standardisation about the time point for the
assessment tests [1, 10, 12–17]. Tests were carried out
at varied time points in one study [14]. One study that
concluded a persistent cognitive deficit over time had
a high case drop-out rate and included subsets of children with sepsis, meningitis, and chronic illness but did
not specify the subsets suffering from persistent neuropsychological deficits. The trend was followed by the
group as a whole [18].
More patients are eligible for any study than those
who participate [12, 17] and differ in many factors,
including the illness severity at admission [7], noncompletion of questionnaires due to language barrier
[8], and gender and ethnic characteristics [17].
Our study has some limitations: (1) Pre-PICU cognitive assessment data were unavailable; these were
also missing in similar studies as cognitive testing is
uncommon, especially for previously healthy children.
To overcome this, we used healthy age- and gendermatched controls. (2) The small number of patients
prevents us from generalising our conclusions. (3) It is
important to repeat cognitive testing to assess permanent deficits. (4) Infants, constituting more than half of
our PICU patients, were excluded due to the lack of a
readily available validated cognition test, and this could
have led to the loss of important data.

Conclusion
PICU admission does not appear to be associated with
adverse neurodevelopmental outcomes. Prospective
long-term, large-scale studies on paediatric patients
after being discharged from the PICU are needed, with
cognitive assessment test and administration time
point standardisation to generate more reliable results
in study comparisons. With neurological problems like
meningitis, encephalitis, or pre-existing neurological
disease, a worse neurocognitive outcome post-PICU
discharge should be cautiously interpreted. Ideally,
these patients should be excluded from studies that
assess neurocognitive outcomes or should be studied
as a separate group. Finally, post-PICU discharge, children with residual motor or cognitive deficit should be
offered appropriate, timely rehabilitation and educational interventions.
Abbreviations
PICU: Paediatric intensive care unit; IQ: Intelligence quotient; PICS: Postintensive care syndrome; PICS: Post-intensive care syndrome – paediatric;
QoL: Quality of life; SB-5: Stanford-Binet Test, 5th edition; TIQ: Total intelligence
quotient; PIQ: Performance intelligence quotient; VIQ: Verbal intelligence
quotient; LOS: Length of stay.
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