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eMethods 1. Details on the clinical neurological examination 
 
During the neurological examination, 8 domains were checked for the presence or absence of abnormalities (ref 
1,2): (1) interaction/language skills, (2) gross motor function, (3) involuntary movements, (4) reflexes, (5) 
coordination and balance, (6) fine motor function, (7) cranial nerves, and (8) special senses (sensory, visual, and 
auditory function).  
 
(1) Verbal and non-verbal interaction with the examiner was evaluated during the whole clinical examination. 
(2) Assessment of gross motor function included an evaluation of posture, axial tone, and muscle strength while 
walking, sitting, and standing. (3) Uncontrolled gross motor movements, choreo-athetotic movements, or tremor 
were recorded if present (involuntary movements). (4) Tendon reflexes of upper and lower limbs, plantar 
response, and abdominal skin reflexes were evaluated. (5) For coordination and balance, the following tests were 
performed: Romberg, standing on one leg (1-2 sec on each leg at age 4y, up to at least 10 sec at age 5y and up) 
(ref 2,3), dysdiadochokinesis (from 5y onwards), and finger-nose test (from 5y onwards). (6) Fine motor 
function was assessed by the finger-opposition test. As typical performance of this test is only required at age 5y 
(ref 2), in children <5y ability to copy a circle (definitely abnormal if not performed at age 4y) and a cross 
(abnormal if not performed at age 4.5 y) was checked (ref 3). (7) Movements of the eyes, face, pharynx, tongue, 
and shoulders were evaluated to assess cranial nerve function. (8) Reaction to soft touch at different body parts 
was used to evaluate sensory function. Finger rub test was performed for an evaluation of auditory function. 
Parents were also asked if they recently noticed any abnormalities in auditory or visual function of their child. 
Abnormal findings on a recent auditory or visual check-up (acuity and/or visual field abnormalities) were noted 
as well as the use of a visual or a hearing aid. 
 
eMethods 2. Details on imputation 
 
To address the potential bias of missing data in the complete case analysis, multiple data imputation was 
performed for the continuous outcome variables. Multiple imputation is increasingly being used in medical 
research and considered to be a powerful method for dealing with missing observations (ref 4). Analyses were 
performed in IBM SPSS statistics 19. First, the pattern of missingness was evaluated and pointed at non-
monotone pattern. A fully conditional specification, Markov chain Monte Carlo method was used with 10 
iterations to generate 10 imputed datasets using linear regression. The baseline characteristics used as predictors 
were randomization, gender, race, geographical and linguistic origin, “syndrome”, malignancy, diabetes, 
stratified diagnostic group at ICU admission, and age-group at randomization as categorical variables; and 
socioeconomic status, admission blood glucose, and severity of illness scores as continuous variables. Iteration 
history data were plotted to assess model convergence. This did not show any discernable patterns. The data 
from 10 imputed datasets were subsequently pooled to obtain an intention-to-treat analysis estimate.  
 
eMethods 3. Details on propensity score matching for the analysis of 
hypoglycemia 
 
To examine the neurocognitive effects of hypoglycemia which occurred frequently in the patients treated with 
tight-glucose-control (n=87), we identified patients from the usual-care group with similar baseline 
characteristics and type and severity of illness, with the use of propensity scores. The calculated propensity score 
is the conditional probability that a subject belongs to the usual care or tight glucose control group (ref 5). 
Analyses were performed with an SPSS R-menu for propensity score matching (ref 6) in IBM SPSS statistics 19 
using R statistical software version R2.10.1. Propensity scores were estimated using logistic regression with 
race, geographic and linguistic origin, gender, “syndrome”, malignancy, diabetes, upon ICU admission stratified 
diagnostic group, and age-group at randomization as dichotomous covariates and severity of illness scores and 
upon admission blood glucose level as continuous covariates. After estimation of the propensity scores, 1:1 
nearest neighbor matching was performed, using a caliper of 0.2. The c-index was equal to 0.773. Matching was 
successful over almost the full range of propensity scores. Accordingly, 80/87 TGC patients who developed 
hypoglycemia were matched to 80 usual care patients. Similar proportion of patients in the usual care and tight 
glucose control groups had died (13 versus 12, P= 0.82) or were “not-testable” due to disability (9 versus 12, P= 
0.64). Outcome data were further analyzed using chi-square for dichotomous variables and unpaired non-
parametric Wilcoxon rank-sum tests for continuous variables (see table 3). 
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eTables 1 and 2. Scrutinizing comparison between post-ICU patients and 
healthy controls 
 
A propensity score model was used to critically analyze whether there was any bias that may have 
resulted from differences in characteristics between patients and controls. The calculated propensity 
score is the conditional probability that a subject belongs to the groups of post-ICU patients or controls 
(ref 5). Analyses were performed with an SPSS R-menu for propensity score matching (ref 6) in IBM 
SPSS statistics 19 using R statistical software version R2.10.1. Propensity scores were estimated using 
logistic regression with race, geographic and linguistic origin, gender, and “syndrome” as 
dichotomous covariates and age, socioeconomic status, height, weight, and head circumference as 
continuous covariates. After estimation of the propensity scores, 1:1 nearest neighbor matching was 
performed. To ensure appropriate matching, a caliper of 0.2 was used. The adequacy of matching was 
checked by calculating the standardized mean differences of covariates, which was close to 0 after 
matching. The c-index, which quantifies the discriminatory ability of the model, was equal to 0.77. 
Matching was successful over almost the full range of propensity scores. As such, 171 patients were 
matched to 171 controls. The neurocognitive function in this matched population was further 
evaluated with nonparametric test for unrelated samples. 
 
The overall differences between patients and controls were confirmed after propensity score matching, 
which excluded bias evoked by imbalances in baseline characteristics.  

 

 

eTable 1a. Comparison healthy vs. critically ill 
 Tested population  Propensity score matched population 

 Healthy controls Critically ill P value  Healthy controls Critically ill P value 

  (N=216) (N=456)    (N=171) (N=171)  

Caucasian, No. (%) a 211 (97.69) 426 (93.42) 0.02  167 (97.66) 169 (98.83) 0.68 

Exclusive European, No. (%)  a 201 (93.06) 407 (89.25) 0.12  158 (92.40) 160 (93.57) 0.83 

Exclusive Dutch language, No. (%)  186 (86.11) 366 (80.26) 0.06  146 (85.38) 148 (86.55) 0.87 

Gender (male), No. (%) 94 (43.52) 261 (57.24) < 0.001  76 (44.44) 81 (47.37) 0.66 

Syndrome b, No. (%) at randomization 16 (7.41) 131 (28.73) <0.001  14 (8.19) 24 (14.04) 0.12 

Socioeconomic status c (pts) [med (IQR)] 42 (29-54) 34 (24-48) <0.001  40 (29-53) 40 (29-50) 0.78 

Height (cm) [med (IQR)] at follow-up 122 (108-151) 109 (103-130) <0.001  118 (108-144) 118 (107-138) 0.33 

Weight (kg) [med (IQR)] at follow-up 22.6 (18.0-40.7) 19.0 (15.8-27.5) <0.001  22 (18-37) 22 (18-31) 0.41 

Head circumference (cm) [med (IQR)] at follow-up 52.0 (50.7-54.0) 50.8 (49.3-52.8) <0.001  51.8 (50.5-53.6) 51.8 (50.1-53.4) 0.49 

Age at follow up (y) [med (IQR)] 6.7 (4.7-11.5) 5.2 (4.2-8.3) < 0.001  6.2 (4.7-10.5) 6.4 (4.3-8.8) 0.27 
Footnote:  a Participants were classified according to race and geographical origin by the investigators. These classifications were performed to capture ethnical 
and regional differences in the frequency of consanguinity, which may adversely affect cognitive performance. b a priori defined syndrome or illness which is 
known to affect neurocognitive development (eTable 4 for details). c Socioeconomic status of the patient’s parents was calculated with a modified version of the 
Hollingshead 7–point scale of educational level and the 9–point scale of occupational level (ref 7,8). More points are given to higher educational or occupational 
level. Status score of an individual parent is calculated by adding the occupation value multiplied by 5, and the education value multiplied by 3. The average of 
the paternal and maternal score is used as the socioeconomic status score of the patient’s family. A score of 66 is the highest possible score for socioeconomic 
status. 
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eTable 1b. Comparison healthy vs. critically ill: detailed balance after matching 

  
Means Treated Means Control SD Control 

Std. Mean 
Diff. 

propensity 0.627 0.595 0.171 0.181
Caucasian 0.988 0.977 0.152 0.048
Exclusive European 0.936 0.924 0.266 0.039
Exclusive Dutch 
language 

0.865 0.854 0.354 0.029

Gender 0.474 0.444 0.498 0.059
Infant at randomization 7.806 7.845 3.957 -0.010
Syndrome 0.140 0.082 0.275 0.130
Height 125.415 126.591 22.577 -0.055
Weight 28.233 28.67 14.657 -0.032
Head circumference 52.015 52.104 2.023 -0.036
Socioeconomic status 39.497 39.664 15.745 -0.011
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eTable 2. Results post–ICU patients vs. healthy controls 

 

 Tested population  Propensity score matched population 

 Healthy controls Critically ill P value  Healthy controls Critically ill P value 

  (N=216) (N=456)   (N=171) (N=171)  

Clinical neurological evaluation score (0–8) 0 (0–1) 1 (0–2) <0.001  0 (0–1) 0 (0–1) 0.09 

Intelligence        

 Full scale IQ [med (IQR)] a 103 (91–111) 88 (74–99) <0.001  101 (90–111) 92 (81–105) <0.001 

 Verbal IQ [med (IQR)] a 102 (91–114) 89 (75–101) <0.001  101 (92–114) 96 (82–106) <0.001 

 Performance IQ [med (IQR)] a 103 (91–112) 88 (75–101) <0.001  101 (91–110) 91 (82–103) <0.001 

Visual–motor integration        

 VMI (total) [med (IQR)] b 10 (8–12) 8 (7–10) <0.001  10 (9–12) 9 (7–11) <0.001 

Attention, motor coordination & executive functions       

 Alertness        

  RT Dominant hand (msec) [med (IQR)] c 488 (320–704) 666 (424–935) <0.001  513 (351–705) 571 (368–868) 0.09 

  SD  d 166 (83–385) 350 (134–619) <0.001  169 (91–412) 222 (110–532) 0.04 

  RT Non–dominant hand (msec) [med (IQR)]  c 501 (326–729) 634 (420–926) <0.001  514 (348–739) 530 (356–768) 0.40 

  SD  d 193 (87–381) 299 (139–580) <0.001  197 (100–379) 210 (106–450) 0.29 

 Motor coordination e        

  Number of unimanual taps         

  Dominant hand [med (IQR)]  35 (25–46) 29 (22–39) <0.001  34 (25–44) 31 (24–42) 0.17 

  Non–dominant hand [med (IQR)]  29 (21–43) 24 (18–34) <0.001  27 (20–41) 24 (20–35) 0.09 

  Number of valid alternating taps [med (IQR)]  13 (6–30) 8 (2–20) <0.001  11 (5–27) 8 (2–20) 0.004 

  Number of valid synchronous taps [med (IQR)]  21 (12–31) 16 (9–25) <0.001  20 (12–29) 19 (10–27) 0.38 

 Inhibition & flexibility f        

  ∆ RT (inhibition) (msec) [med (IQR)]   209 (80–487) 284 (112–524) 0.02  235 (86–492) 240 (81–428) 0.51 

  ∆ N errors (inhibition) [med (IQR)]   1 (0–2) 1 (0–3) 0.01  1 (0–2) 1 (0–3) 0.19 

  ∆ RT (flexibility) (msec) [med (IQR)]   550 (283–798) 620 (374–861) 0.07  603 (332–815) 581 (336–824) 0.73 

  ∆ N errors (flexibility) [med (IQR)]   1 (0–3) 2 (0–4) 0.23  1 (0–3) 2 (0–3) 0.06 

Memory (N=124) (N=198)   (N=96) (N=94)  

Verbal – auditory        

 Numbers g        

  Memory span (forward)  9 (7–11) 8 (6–9) <0.001  9 (7–11) 9 (7–11) 0.51 

 Working memory (backward)  10 (8–13) 9 (6–11) <0.001  10 (8–13) 9 (7–11) 0.007 

 Word pairs (proportions correct responses) h        

  Learning k 0·50 (0·39–0·67) 0·43 (0·31–0·53) <0.001  0·50 (0·37–0·67) 0·45 (0·33–0·55) 0.01 

  Immediate memory l 0·50 (0·36–0·64) 0·36 (0·20–0·50) <0.001  0·50 (0·30–0·60) 0·40 (0·20–0·50) <0.001 

  Delayed memory m 0·40 (0·30–0·50) 0·30 (0·14–0·40) <0.001  0·40 (0·30–0·55) 0·30 (0·20–0·41) <0.001 

  Recognition o 1·00 (0·95–1·00) 0·97 (0·88–1·00) 0.001  1·00 (0·95–1·00) 1·00 (0·93–1·00) 0.46 

Non–verbal visual–spatial (proportion of correct responses)  h       

 Pictures: Memory span l  0·89 (0·80–0·93) 0·83 (0·70–0·88) <0.001  0·88 (0·77–0·93) 0·85 (0·77–0·90) 0.05 

 Dots: Learning k 0·89 (0·83–0·94) 0·78 (0·67–0·89) <0.001  0·89 (0·80–0·94) 0·83 (0·72–0·92) 0.03 

 Dots: Immediate memory l 1·00 (0·75–1·00) 0·83 (0·50–1·00) <0.001  1·00 (0·75–1·00) 0·83 (0·63–1·00) 0.05 

 Dots: Delayed memory m 1·00 (0·75–1·00) 0·83 (0·50–1·00) <0.001  0·88 (0·75–1·00) 0·83 (0·50–1·00) 0.05 
Learning index p 
(learning word pairs and learning dots) 

101 (90–109) 93 (81–99) <0.001  99 (90–109) 96 (86–103) 0.003 

Behavior (by proxy) (N=206) (N=442)   (N=169) (N=170)  

 CBCL – internalizing problems (T score)  q 48 (41–57) 53 (45–61) <0.001  48 (41–57) 50 (43–59) 0.07 

 CBCL – externalizing problems (T score) r 46 (40–55) 50 (44–57) 0.002  46 (40–56) 48 (40–54) 0.67 

 CBCL – total problems (T score)  s 47 (40–55) 52 (45–59) <0.001  48 (40–55) 50 (43–56) 0.09 
Footnote: a range of possible scores: 45-155; higher scores reflect better performance. b range: 0.9-20; higher scores reflect better performance. c RT: reaction time; a response has to be generated between 
150 to 4,000 ms after the appearance of a target; higher scores reflect worse performance. d SD: within patient standard deviation of repeated tests; higher scores reflect worse performance. e number of taps 
in 10 seconds; higher scores reflect better performance. f a response has to be generated between 200 and 6,000 ms; the differences in reaction time and the differences in number of errors between tests of 
increasing demand are calculated; higher scores reflect worse performance. g range 1-19; higher scores reflect better performance. h proportional scores range from 0-1; higher scores reflect better 
performance. k proportion correctly completed word pairs or correctly recalled dot locations during 3 learning trials.  l proportion correctly recalled word pairs, correctly recalled picture locations or correctly 
recalled dot locations. m proportion correctly recalled word pairs or correctly recalled dot locations after delay of 25–35 min. o proportion correctly recognized word pairs after delay of 25–35 min. p range: 50-
150; higher scores reflect better performance. q internalizing problems: e.g. anxious/depressed behavior; range 29-100. r externalizing problems: e.g. aggressive behavior; range 28-100. s potential scores 
range from 24-100. CBCL T–scores: T–scores are standardized scores with a mean value of 50 and a standard deviation of 10. T–scores of 60 or higher are indicative for the presence of behavioral problems 
(9,10). 
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eTable 3. Causes of death in the 2 glucose management groups 
 

 Tight glucose control group Usual care group p value 

 (N=349) (N=351)  

Cause of death (n)   0.06 

   Cardiogenic complications 18 16  

   Neurological complications 3 10  

   Pulmonary complications 3 8  

   Tumor progression 7 3  

TOTAL 31 37  
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eTable 4. Not-testable children and pre-randomization “syndromes” 

 

eTable 4a. Details on children who could not be tested 

 
Tight glucose control 

group 
Usual care 

group 
 (N=349) (N=351) 
Severe mental impairment attributable to   
   Genetically confirmed syndromes or 
pathogenic chromosomal abnormalities 

17 12 

   Clearly defined syndromes, associations or 
malformations without (identified) genetic 
aberrations 

3 1 

   Polymalformative syndrome and/or 
intracranial abnormalities of unknown etiology

8 6 

   Severe neonatal problems (severe 
asphyxia) 

2 3 

   Brain tumors 2 1 
   Severe craniocerebral trauma or near-
drowning 

1 1 

   Severe infectious encephalitis or drug-
induced encephalopathy 

1 1 

   Resuscitation with brain damage prior to 
randomization 

1 0 

   No a priori defined syndrome 2 1 
TOTAL 37 26 

eTable 4b. Syndromes in the overall study population (patients and controls) 
number of 

children with an 
a priori defined 

syndrome 

syndrome or illness which is known to affect neurocognitive development 

88 genetically confirmed syndromes or pathogenic chromosomal abnormalities 

17 
clearly defined syndromes, associations, or malformations without (identified) genetic 
aberrations 

44 
polymalformative syndrome and/or intracranial or spinal abnormalities of unknown 
etiology 

2 congenital hypothyroidism due to thyroid agenesis 

32 severe neonatal problems 

18 brain tumors or tumors with intracranial metastatic disease 

14 severe craniocerebral trauma or near–drowning 

13 
severe infectious meningitis/encephalitis/Guillain–Barré or encephalopathy 
(hypertensive or drug induced) 

10 resuscitation and/or need for ECMO with brain damage prior to randomization 

8 severe convulsions or stroke prior to ICU admission without specified syndrome 

9 clear auditory or visual impairment without specified syndrome 

26 pedopsychiatric disorders (e.g. autism spectrum disorders, (treatment for) ADHD) 

19 
severe medical disorders, not primarily neurologic, but suspected to alter psychomotor 
and/or mental performance 

TOTAL 300 a priori defined syndromes in the overall study population (N=916) 
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eTable 5. Hypoglycemia vs. no hypoglycemia 
 

eTable 5a. Hypoglycemia versus no hypoglycemia : demographics 
 Total population  Tested population 

 Usual care 
Tight glucose 

control 
P value  Usual care 

Tight glucose 
control 

P value 

 
Propensity Score 

Matched 
Hypoglycemia   

Propensity Score 
Matched 

Hypoglycemia  

 (N=80) (N=80)    (N=44) (N=47)   

Caucasian, No. (%)  a 71 (88.75) 71 (88.75) >0.99  39 (88.64) 43 (91.49) 0.73 

Exclusive European, No. (%)  a 67 (83.75) 67 (83.75) >0.99  37 (84.09) 41 (87.23) 0.76 

Exclusive Dutch language, No. (%)  61 (76.25) 61 (76.25) >0.99  33 (75.00) 38 (80.85) 0.61 

Gender (male), No. (%) 55 (68.75) 48 (60.00) 0.32  33 (75.00) 27 (57.45) 0.12 

Infant at randomization, No. (%) 58 (72.50) 63 (78.75) 0.46  38 (86.36) 40 (85.11) >0.99 

Diagnostic groups, No. (%) at randomization   0.01    0.37 

Cardiac surgery for congenital heart defects 55 (68.75) 71 (88.75)   37 (84.09) 40 (85.11)  

Complicated/high risk surgery or trauma 8 (10.00) 0 (0.00)   3 (6.81) 0 (0.00)  

Solid organ transplant surgery 2 (2.50) 2 (2.50)   2 (4.55) 2 (4.26)  

Infectious medical disorders 6 (7.50) 2 (2.50)   1 (2.27) 2 (4.26)  

Neurological medical disorders 2 (2.50) 3 (3.75)   0 (0.00) 2 (4.26)  

Other medical disorders 7 (8.75) 2 (2.50)   1 (2.27) 1 (2.13)  

Malignancy, No. (%) at randomization 5 (6.25) 3 (3.75) 0.71  1 (2.27) 1 (2.13) >0.99 

Diabetes, No. (%) at randomization 0 (0.0) 0 (0.0) NA  0 (0.0) 0 (0.0) NA 

Syndrome b , No. (%) at randomization 32 (40.00) 33 (41.25) >0.99  10 (22.73) 8 (17.02) 0.60 

PELOD c first 24h in ICU 12 (11-21) 12 (11-21) 0.72  12 (11-21) 12 (11-12) 0.41 

Admission blood glucose (mg/dL) [med (IQR)]  116 (89-170) 119 (79-179) 0.82  129 (96-196) 129 (88-166) 0.96 

Socioeconomic status d (pts) [med (IQR)] 29 (19–44) 34 (24–49) 0.26  33 (21–46) 34 (24–50) 0.47 

Height (cm) [med (IQR)] at follow-up 103 (101–107) 103 (100–107) 0.78  103 (101–107) 104 (100–107) 0.94 

Weight (kg) [med (IQR)] at follow-up 16 (15–18) 16 (15–18) 0.95  16 (15–18) 16 (15–18) 0.98 

Head circumference (cm) [med (IQR)] at follow-up 49.9 (48.8–51.3) 49.4 (48.0–50.8) 0.24  50.0 (49.0–51.4) 49.5 (48.7–50.9) 0.37 

Age at follow up (y) [med (IQR)] at follow-up 4.2 (4.1–4.7) 4.2 (4.1–4.8) 0.98  4.2 (4.1–4.6) 4.2 (4.1–4.7) 0.96 
Footnote: a Participants were classified according to race and geographical origin by the investigators. These classifications were performed to capture ethnical 
and regional differences in the frequency of consanguinity, which may adversely affect cognitive performance. b a priori defined syndrome or illness which is 
known to affect neurocognitive development (eTable 4 for details). c PELOD pediatric logistic organ dysfunction score. d Socioeconomic status of the patient’s 
parents was calculated with a modified version of the Hollingshead 7–point scale of educational level and the 9–point scale of occupational level. More points 
are given to higher educational or occupational level (ref 7,8). Status score of an individual parent is calculated by adding the occupation value multiplied by 5, 
and the education value multiplied by 3. The average of the paternal and maternal score is used as the socioeconomic status score of the patient’s family. A 
score of 66 is the highest possible score for socioeconomic status. NA not applicable 
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eTable 5b. Hypoglycemia versus no hypoglycemia: detailed balance after matching 

  
Means Treated Means Control SD Control Std. Mean Diff. 

propensity 0.304 0.296 0.154 0.045 

Caucasian 0.888 0.888 0.318 0 

Exclusive European 0.838 0.838 0.371 0 

Exclusive Dutch language 0.763 0.763 0.428 0 

Diagnostic group at randomization 1.6 1.8 1.538 -0.158 

Gender 0.6 0.688 0.466 -0.18 

Infant at randomization 0.213 0.275 0.449 -0.157 

Malignancy 0.038 0.063 0.244 -0.136 

Diabetes 0.00 0.00 0.00 / 

Syndrome 0.413 0.4 0.493 0.025 

Admission glycemia 140.275 133.85 63.613 0.07 

PELOD first 24h in ICU 13.575 13.575 7.992 0 
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eTable 6. Impact of hypoglycemia in multivariable linear regression analysis 

 
 

 

  P value 
Intelligence  
 Full scale IQ  0.61 
 Verbal IQ  0.86 
 Performance IQ  0.25 
Visual–motor integration  
 VMI  0.08 
Attention, motor coordination & executive functions  
 Alertness  
  RT Dominant hand  0.64 
   SD  0.79 
  RT Non–dominant hand  0.59 
   SD  0.63 
 Motor coordination  
  N unimanual taps   
   Dominant hand  0.52 
   Non–dominant hand  0.75 
  N valid alternating taps  0.36 
  N valid synchronous taps  0.48 
 Inhibition & flexibility  
  ∆ RT (inhibition)  0.65 
   ∆ N errors (inhibition)  0.90 
  ∆ RT (flexibility)  0.20 
   ∆ N errors (flexibility)  0.36 
Memory  
Verbal – auditory  
 Numbers  
  Memory span (forward)  0.56 
  Working memory (backward)  0.44 
 Word pairs   
  Learning  0.87 
  Immediate memory 0.83 
  Delayed memory 0.79 
  Recognition 0.21 
Non–verbal visual–spatial   
 Pictures: Memory span 0.38 
 Dots: Learning 0.11 
 Dots: Immediate memory 0.12 
 Dots: delayed memory 0.43 
Learning index  (learning word pairs and learning dots) 0.63 
Behavior (by proxy)  
 CBCL – internalizing problems  0.91 
 CBCL – externalizing problems  0.60 
 CBCL – total problems  0.73 

Footnote: The P-values report the statistical association with the listed outcomes of having experienced hypoglycemia vs. not having 
experienced hypoglycemia assessed in the tested population (222 TGC, 234 UC) with multivariable linear regression analysis adjusted for 
baseline risk factors (randomization, race, geographical and linguistic origin, gender, age-group at randomization, diabetes, malignancy, 
“syndrome”, stratified diagnostic group at ICU admission, severity of illness, and upon admission blood glucose). 
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PROJECT SUMMARY/ABSTRACT 

 

 

Proposed scientific research 

Children frequently develop hyperglycaemia when critically ill, which has been associated with 

adverse outcome and clinical complications in several observational studies. When blood glucose 

levels of adult critically ill patients are normalized with intensive insulin therapy, instead of 

tolerating hyperglycaemia, mortality and morbidity are reduced. Hence, prospective randomized 

controlled trials are urgently needed to investigate whether intensive insulin therapy affects 

outcome of critically ill children. 

We are currently performing such a study in our paediatric intensive care unit, with patient 

enrolment being completed at 700 children as of today. The analysis of the primary outcome (ICU 

morbidity and mortality) will be performed when the last patient will have left the ICU/hospital.  

As a subsequent key objective of this large randomized controlled study, we will examine whether 

the long-term outcome and psychomotor development of the children are affected by intensive 

insulin therapy during intensive care. As children are undergoing critical brain development and 

hyperglycaemia as well as hypoglycaemia - of which the incidence has been shown to increase 

with intensive insulin therapy - may affect neurocognitive development, this objective is crucial 

and should be investigated in great detail. Therefore, a blinded thorough neurocognitive 

assessment of the children will be performed by way of detailed psychomotor testing three years 

after admission to the intensive care unit and inclusion in the study.  
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RESEARCH DESCRIPTION 

 

 

1. Rationale 

 

Critically ill children are at risk of developing severe infections and disturbed organ function, 

resulting in complications such as transient myocardial dysfunction, respiratory failure, kidney 

failure and cholestasis, especially after surgery. Furthermore, they can become very weak due to 

a severe catabolic response to the insult. Despite these grave clinical complications, the risk of 

death of critical illness in children is relatively low compared with adults. 

 

Children frequently develop hyperglycaemia when critically ill, which has been associated with 

adverse outcome and clinical complications in several observational studies. When adult critically 

ill patients receive intensive insulin therapy to control blood glucose levels to the normoglycaemic 

target, instead of tolerating the (moderate) hyperglycaemia that usually arises, mortality and 

morbidity are reduced.1,2 The beneficial effects on morbidity are reflected in a lower incidence of 

bacteraemia, kidney failure and critical illness polyneuropathy as well as reduced need for 

prolonged mechanical ventilation and intensive care. Hence, it can be inferred that children could 

also benefit from strict blood glucose control with intensive insulin therapy, by avoiding glucose 

toxicity and/or by direct insulin effects, such as a possible induction of anabolism. This highlights 

the need for prospective randomized controlled trials on intensive insulin therapy in critically ill 

children.  

  

Hypoglycaemia is a feared complication of insulin therapy for patients with diabetes mellitus, and 

particularly children. It has been shown that intensive insulin therapy increases the risk of 

hypoglycaemia in critically ill patients.1,2 However, it is not clear whether short hypoglycaemic 

episodes, that are immediately detected and corrected in the critical care setting, are harmful.3 In 

children specifically, this would be important as children are undergoing critical brain 

development. Since both hypo- and hyperglycaemia have been associated with neurocognitive 

impairment, the effect of intensive insulin therapy on long-term psychomotor development of 

critically ill children needs to be investigated in this context. 
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2. Objectives 

 

The primary goal of the proposed randomized controlled clinical trial is to determine whether tight 

glycaemic control by intensive insulin therapy improves short-term outcome of critically ill 

children. Outcome will be defined by continuous outcome parameters, such as length of stay in 

the intensive care unit (ICU) and the days depending on artificial ventilatory and haemodynamic 

support, in combination with biochemical markers of inflammation and organ (dys)function, 

including C-reactive protein and troponine. In view of the low risk of death in the paediatric ICU 

(PICU) population and the limited number of PICU admissions annually, mortality, a dichotomous 

outcome variable, will not be the primary endpoint of this study but instead will be considered as 

an important safety endpoint.  

The primary endpoint of the study, used for statistical power calculation, will be the inflammatory 

response to critical illness. Clinically relevant endpoints will be those mentioned above (time in 

ICU, on ventilatory and haemodynamic support, several indicators of organ failure). The inclusion 

number is 700 critically ill children.  

 

Secondly, this study will aim to examine whether the long-term outcome and psychomotor 

development of the children will benefit from intensive insulin therapy. Three years after inclusion 

in the study (after PICU admission), a blinded assessment of the children by detailed 

psychomotor tests, performed by an experienced paediatric psychologist, will be performed. 

While it has been known for a long time that cardiac surgery but also severe hypo- and 

hyperglycaemic episodes in children with type 1 diabetes are associated with intellectual 

impairment, this will be the first large study to look at psychomotor evolution prospectively in the 

post-operative setting where blood glucose levels have been controlled at different levels. 
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3. Current status 

 

Critically ill patients develop characteristic endocrine and metabolic alterations.4-6 Hyperglycaemia 

is common in these patients, even in those who have not been diagnosed with diabetes before 

the insult, a condition known as “stress diabetes” or “diabetes of injury”7,8 and traditionally 

interpreted as a beneficial adaptation to stress. Indeed, according to a classic dogma moderate 

hyperglycaemia in critically ill patients is beneficial for organs that largely rely on glucose for their 

energy supply but do not require insulin for glucose uptake, such as the brain and blood cells. 

However, uncontrolled and pronounced hyperglycaemia predisposes to infectious complications, 

and hyperglycaemia-induced osmotic diuresis and fluid shifts occur above the threshold of 220 

mg/dL.8,9 Hence, until recently, the state of the art tolerated blood glucose levels up to 220 mg/dL 

in fed critically ill patients.10  

 

Nowadays though, it is becoming clear that development of (even moderate) hyperglycaemia is 

an important risk factor for morbidity (e.g. increased length of ICU and hospital stay, prolonged 

need of mechanical ventilation, infectious morbidity and critical illness polyneuropathy) and 

adverse outcome in critically ill adults with widely varying underlying pathology, including 

myocardial infarction, cardiac surgery, stroke, major trauma and severe brain injury.11 In addition, 

the variability in blood glucose levels during critical illness has been related to mortality.12 

 

Pivotal in the establishment of a causal relationship between hyperglycaemia and adverse 

outcome - versus hyperglycaemia as just a marker of more severe illness - are prospective, 

randomized controlled trials, assessing the impact of a treatment that prevents hyperglycaemia. 

Our research group was the first to perform such a study. This landmark Leuven trial included 

mechanically ventilated adult patients (n=1548) admitted to the surgical ICU predominantly after 

extensive, complicated surgery or trauma, or after medical complications of major surgical 

procedures.1 In the intervention group, glucose levels were targeted to 80-110 mg/dL with 

continuous insulin infusion, resulting in mean blood glucose levels of 103 mg/dL 

(normoglycaemia) versus 153 mg/dL in conventionally treated patients (hyperglycaemia), where 

insulin was only administered when glycaemia exceeded 215 mg/dL. Tight blood glucose control 

with intensive insulin therapy lowered mortality, with increasing benefit for longer duration of the 

intervention. Besides saving lives, intensive insulin therapy substantially prevented several ICU 

complications, including the development of critical illness polyneuropathy, blood stream 

infections, anaemia, acute renal failure and hyperbilirubinaemia. In addition, patients were less 

dependent on prolonged mechanical ventilation and intensive care. It also improved long-term 

outcome of the cardiac surgery patients, with maintenance of the survival benefit up to 4 years 

after ICU discharge, without inducing more need for medical care.13 
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After this first surgical study, a second large prospective, randomized, controlled trial using the 

same insulin-titration protocol for adult patients was started in the Leuven medical ICU.2 Blood 

glucose was controlled to mean levels of 105 mg/dL in the intensive insulin therapy group, as 

compared with 160 mg/dL with the conventional glucose management. Similarly, tight glycaemic 

control significantly lowered mortality and morbidity, with less new kidney injury, less 

hyperbilirubinaemia, earlier weaning from mechanical ventilation and earlier ICU and hospital 

discharge. Intensive insulin therapy also reduced the incidence of critical illness polyneuropathy 

and/or myopathy.14 

A large randomized multi-continental (New Zealand, Australia, USA, Canada) study, the NICE-

SUGAR trial (Normoglycaemia in Intensive Care Evaluation and Survival Using Glucose 

Algorithm Regulation), designed to re-test the Leuven hypothesis in a multi-centre setting, is 

currently recruiting patients from a mixed medical/surgical population targeted to enrol 6000 

patients.15 

 

The Leuven studies are the only randomized controlled trials on intensive insulin therapy in the 

ICU at present completed, that are adequately powered to test the hypothesis. Two multi-centre, 

randomized studies were stopped prematurely for reasons of frequent hypoglycaemia or protocol 

violation, feeding controversy surrounding intensive insulin therapy with regard to optimal level of 

glucose control and risk of hypoglycaemia.unpublished, registered at 16,17 Other studies, however, 

confirmed the clinical benefits of this therapy. In a small (n=61) prospective, randomized study in 

predominantly general surgical patients glycaemic control decreased the incidence of total 

nosocomial infections of predominantly general surgical patients.18 Implementation of a tight 

glucose management protocol in “real life” intensive care in a heterogeneous medical/surgical 

patient population decreased mortality, shortened ICU stay and reduced the incidence of new 

kidney injury and number of patients needing red blood cell transfusion.19,20 In a surgical trauma 

ICU, it coincided with fewer intra-abdominal abscesses and fewer post-injury ventilator days.21 

 

The importance of achieving strict normoglycaemia with intensive insulin therapy is illustrated by 

post-hoc analysis of the Leuven trials with comparison of three strata of glucose control. Although 

some clinical outcome parameters improved with glucose control between 110 and 150 mg/dL, 

compared to >150 mg/dL, additional clinical benefit was gained with strict normoglycaemia below 

110 mg/dL.22,23 Studies in our animal model of critical illness underscored the importance of 

glycaemic control versus direct insulin effects as mediator of the clinical benefits of intensive 

insulin therapy.24 Insight into the mechanisms underlying glucose toxicity in critical illness and 

protection against it with insulin therapy is progressing, with involvement of the mitochondrial 

compartment and the endothelium already established.25,26 
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Critically ill children in PICUs worldwide have a much smaller risk of death than adults, with 2-5% 

death rates being reported depending on the case-mix of patients.27,28 They do experience a high 

morbidity, comprising severe infections, organ dysfunction and a pronounced catabolic response 

with subsequent loss of lean body mass, making them very weak and vulnerable. Like adults, 

PICU children frequently develop hyperglycaemia, which also in this patient population has been 

associated with worse outcome and increased length of stay for a variety of underlying 

diseases.29 In severely burned children, mortality, incidence of bacteraemia and fungaemia, and 

the number of skin grafting procedures are higher in hyperglycaemic patients.30 In children with 

septic shock, risk of death is higher with hyperglycaemia.31 In septic premature babies and in 

neonates with necrotizing enterocolitis, hyperglycaemia has been correlated with ventilator 

dependency, increased length of stay and mortality.32,33 Also, upon-admission blood glucose 

levels are associated with poor neurological outcome and independently predict mortality in 

children with traumatic brain injury.34 Not only absolute glucose levels but also the duration of 

hyperglycaemia emerges as an important negative prognostic factor in the PICU.35,36 Higher 

glucose levels have been observed in children, undergoing cardiac surgery with cardiopulmonary 

bypass, who developed renal insufficiency, infection or a central nervous system event or did not 

survive. Duration of hyperglycaemia was here associated with longer ventilator dependency and 

length of stay.37 Furthermore, increased glucose variability in particular has been associated with 

increased morbidity and mortality of PICU patients.38 

 

These observational association studies strongly suggest that also children may benefit from tight 

glycaemic control with intensive insulin therapy. On one hand, this treatment may protect them 

from hyperglycaemia-induced damage, whereas on the other hand, insulin may counter-act the 

pronounced catabolic state by its well-known direct anabolic properties.39-41 In general, 

therapeutic effects cannot be simply extrapolated from results obtained in other study 

populations. Hence, randomized clinical trials in the PICU are urgently needed, but have so far 

not been completed. In a small implementation study, insulin therapy to a glucose target below 

140 mg/dL seemed to be associated with a decreased infection rate and improved survival of 

severely burned children.42 Maintaining normoglycaemia in children is even more challenging 

than in adults. The euglycaemic range in children is generally lower than in adults and age-

related, with normal glucose levels in the range of 50-90 mg/dL for children younger than 1 year 

of age.43 This low target range increases the risk of inducing iatrogenic hypoglycaemia 

(glycaemia < 40 mg/dL).  

 

From the studies in adult ICU patients, it is clear that intensive insulin therapy increases the risk 

of hypoglycaemia.1,2,23 This is a feared complication, as it is known that severe or prolonged 

hypoglycaemia can cause convulsions, coma and irreversible brain damage, as well as cardiac 

arrhythmias. The brief episodes of biochemical hypoglycaemia in the Leuven studies were not 
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associated with obvious clinical problems,23 but risk of hypoglycaemia did coincide with a higher 

risk of death, equally in both conventional and intensive insulin groups. In a retrospective study, a 

single episode of severe hypoglycaemia was associated with an increased mortality risk.44 

However, no causal link was found between hypoglycaemia in the ICU and death in a recent 

nested-case control study.3 Interestingly, a higher mortality was observed with spontaneous 

hypoglycaemia than with hypoglycaemic events during insulin infusion in the Leuven studies. 

Hence, it remains unclear, whether hypoglycaemia is truly harmful in the setting of critical care, 

especially when it is rapidly recognized and corrected thanks to the close monitoring of the 

patients in the intensive insulin therapy group. It has been suggested that hypoglycaemia in ICU 

patients who receive intensive insulin therapy may merely identify patients at high risk of dying 

rather then representing a risk on its own.45  

 

The focus of intensive care medicine has always been short-term survival. However, long-term 

sequellae, including neurocognitive impairment, are common in survivors of critical illness and 

can be long-lasting or even permanent.46 This may have important consequences for quality of 

life, overall functional ability and economic costs. Neuropsychological dysfunction cannot simply 

be explained by the severity of illness and the underlying mechanisms are not fully understood, 

but likely include dysregulation of glucose homeostasis. This is a controversial area, where some 

studies found associations with hypoglycaemia or hyperglycaemia, whereas others did not. 

In critically ill children, hypoglycaemia is a frequent complication, even without insulin 

administration.47 As the youngest children are undergoing critical brain development, sequellae of 

hypoglycaemia, and of hyperglycaemia, are potentially most important in this age-group. There is, 

however, no conclusive evidence or consensus in the literature about the absolute value or 

duration of hypoglycaemia that must occur before neurological injury ensues. Recurrent episodes 

of severe hypoglycaemia during the neonatal period or infancy can cause inadequate cerebral 

glucose supply and consequent serious long-term neurological impairments, ranging from mild 

neurocognitive dysfunction to severe mental retardation, epilepsy, microcephaly or even 

hemiparesis or aphasia.48 The impact of recurrent mild episodes of hypoglycaemia or of 

moderately severe hypoglycaemia is less clear.49 Most children with type 1 diabetes score within 

the average or low-average range for neurocognitive function,49 but even mild decrements in 

ability may be important when still acquiring new skills and knowledge. A negative effect of 

severe hypoglycaemia on memory skills has been observed,50 although another study could not 

show this unless the patient had a history of hypoglycaemic seizures.51 Transient mild 

hypoglycaemia developing in large for gestational age healthy term newborns did not appear to 

affect psychomotor development at the age of 4.52 In adults, simple cognitive functions are 

generally not affected at mild or moderate hypoglycaemia.53 

Chronic hyperglycaemia early in life may also be a risk factor for illness-related neurocognitive 

impairment.49 In children with type 1 diabetes, severe hyperglycaemia mostly affected emotion 
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and behaviour, but also to a lesser extent intellectual and fine-motor performance.54 Mean 

glycated haemoglobin levels were negatively associated with scores on memory/attention tests 

and academic achievement in another study.51 No relationship was found between high glucose 

levels and poor early or late neurological or developmental outcome of children undergoing heart 

surgery.55 In adult non-diabetic patients undergoing coronary artery bypass surgery, however, 

intra-operative hyperglycaemia was associated with an increased risk of neurocognitive 

dysfunction.56 Degree of chronic hyperglycaemia appeared the best predictor of psychomotor 

slowing in elderly patients with type 2 diabetes.57 These data illustrate that the importance of 

hyperglycaemia may not be neglected or simply considered inferior to the classically feared 

involvement of hypoglycaemia. Indeed, a recent follow-up study on the large Diabetes Control 

and Complications Trial found an association of higher glycated haemoglobin levels with 

moderate declines in psychomotor efficiency and motor speed, whereas hypoglycaemic events 

did not influence performance in any cognitive domain.58 Interestingly, intensive insulin therapy in 

the Leuven surgical ICU protected the central and peripheral nervous system from secondary 

insults and improved long-term rehabilitation of patients with isolated brain injury.59 

 

Hyperglycaemia is associated with morbidity and adverse outcome in the PICU, while striking 

clinical benefits have been obtained with intensive insulin therapy to the target of normoglycaemia 

in adults. Large, prospective, randomized, controlled trials on critically ill children, with appropriate 

neuropsychological follow-up in view of the association of dysregulated glucose homeostasis with 

neurocognitive impairments, combined with a detailed analysis of possible long-term sequellae, 

are expected to yield important and innovative insights into the pathophysiology of critical illness. 

This knowledge will create a platform for decisions regarding implementation of new treatment 

strategies. The broad experience gained with the two Leuven adult studies and their successful 

accomplishment, with both studies published in the New England Journal of Medicine, in 

combination with the extensive clinical experience in paediatric intensive care, shows that the 

expertise for conducting such a study in PICU patients is present in our research group.  
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4. Detailed research description and work plan 

 

A phase II prospective, randomized, controlled clinical study, currently still recruiting patients, 

started in October 2004 to assess the impact of tight blood glucose control with intensive insulin 

therapy in 700 critically ill children. Children up to 16 years of age admitted to the PICU and 

anticipated to require intensive care for at least 24 hours are eligible for inclusion. Exclusion 

criteria are an expected stay of less than 24 hours, therapy restriction upon admission, objection 

by senior physician, no informed consent or other study enrolment.  

Upon admission, patients are randomly assigned to either conventional or intensive insulin 

therapy. In the conventional approach, insulin infusion is initiated only when blood glucose levels 

exceed 215 mg/dL to maintain glycaemia between 180 and 200 mg/dL. Intensive insulin therapy 

targets glycaemic control to strict normal levels according to age-adjusted values, with the target 

set to 50-80 mg/dL for the age of 0-1 year and to 70-100 mg/dL for children aged 1-16 years. 

 

 

4.1. Intensive insulin therapy and ICU outcome of critically ill children 

 

The primary goal of the described randomized controlled clinical trial is to determine whether tight 

glycaemic control with intensive insulin therapy improves ICU outcome of critically ill children. In 

the studies of adult surgical and medical critically ill patients,1,2 that enrolled 1548 and 1200 

patients, respectively, the primary outcome measure was death from any cause during intensive 

care. Demonstration of a survival benefit in critically ill children, however, would require inclusion 

of a much higher number of patients, as mortality is lower in this population. Indeed, baseline ICU 

mortality in our PICU is approximately 5%, versus 8% for surgical and 27% for medical adult 

critically ill patients. Demonstration of a 2% absolute risk reduction in the PICU population, from 

5% to 3% ICU mortality, for a two-sided alpha level of 0.05 and a beta level of 0.2 would require a 

sample size of 2500 children.60 With the inclusion of < 250 patients per year to be estimated for 

our PICU cohort (taking into account the exclusion criteria), such a study with a mortality endpoint 

would not be feasible within a reasonable time frame. Instead, mortality will be considered as an 

important safety endpoint. 

For this reason, our study has been statistically powered to detect a morbidity benefit, as 

evidenced by a reduction of the inflammatory response, evaluated by C-reactive protein (CRP) 

levels, and PICU stay as the primary endpoint. Accordingly, the inclusion target was set to 700 

patients. Clinically relevant outcome measures include length of stay in the ICU, duration of 

mechanical ventilatory and haemodynamic support and biochemical indicators of organ 

dysfunction.  
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Upon ICU admission, the physician assesses the paediatric risk of mortality (PRISM) score as a 

marker of severity of illness. The paediatric logistic organ dysfunction (PELOD) score is 

determined daily to assess sequential organ failure. 

Study enrollment has been completed.  ICU follow-up will be finalized and acute outcome data 

will be analyzed shortly.  

 

 

4.2. Long-term outcome and psychomotor development  

 

Investigations of the effects of critical illness on neurological dysfunction have been relatively 

overlooked compared to the effects on other organ systems. Nevertheless, neurological 

dysfunction following critical illness is relatively frequent and contributes to mortality and 

morbidity.46 It involves both the central and the peripheral nervous system, which includes 

polyneuropathy, encephalopathy, and neurocognitive impairments. 

 

In the adult critically ill patient population it has been demonstrated that tight glycaemic control 

decreases the incidence of polyneuropathy and in patients with isolated brain injury, the therapy 

reduced the need for long-term institutional care, as reflected by a higher Karnofsky score at 6 

and 12 months after study inclusion.59 As neurological dysfunction is much more insidious in 

children, neurocognitive impairment will be the main outcome parameter of the proposed project. 

Proper documentation of the problem has been hampered by studies with only a cross-sectional 

design, small patient populations and variable methods of assessment.46 Studies on the long-

term neurological outcome of critically ill children are even scarcer. The literature mainly reports 

on children with type 1 diabetes, particularly focussing on the impact of blood glucose control and 

the incidence of hypoglycaemia in relationship with neurocognitive development.49  

 

The proposed PICU study will address these two important questions. The neurocognitive change 

over time after critical illness as well as the effect of tight blood glucose control will be 

documented in a large prospective longitudinal intervention trial, using a strictly standardized 

assessment protocol.  

The key-hypothesis of the study is that intensive insulin therapy in children improves acute 

intensive care outcome, without causing excess mortality and without inducing long-term 

morbidity via the inevitable increased risk of hypoglycaemia associated with intensive insulin 

therapy in the ICU. The intervention may theoretically improve neurocognitive function, via 

prevention of hyperglycaemia-induced neurotoxicity. A state-of-the-art power calculation in order 

to detect such an effect could not be performed, as it will be the first prospective interventional 

trial for neurocognitive impairment in critically ill children. 
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All patients who participated in the ICU trial will be included for analysis of the long-term 

neurocognitive function. The cardiac surgery subgroup will most informative, as it is our largest 

homogeneous population of PICU patients, in whom co-morbidity is not a source of confounding 

factors, which is the case for e.g. oncological and neurological patients. The time point of 

evaluation is set at 3 years post-ICU admission. Only a variability of ± 6 months will be tolerated 

to allow correct comparisons between treatment groups across the different age cohorts.  

 

A full-time paediatric psychologist, with experience in paediatric neurocognitive testing, will be 

employed. He/she will set up a database of the trial participants, which will be linked to the 

hospital data management system. Two part-time research nurses will be the driving force for the 

processing of the ICU and the long-term clinical outcome data. An adequately staffed team, in 

combination with a computerized alert system, will minimize the number of drop-outs. To keep the 

logistical problems at bay, the psychologist will be in charge of the liaising among the 

departments of Intensive Care, Paediatric Cardiology and Paediatric Neurology. In this function 

he/she will be assisted by an MD PhD student from the Intensive Care Department.  

 

The medical and neuropsychological follow-up will be performed at two levels.  

Firstly, via a limited telephone survey, essential information on patient outcome (survival, major 

clinical problems and scholarly performance) will be gathered after informed consent. At this 

occasion, also a visit at the out-patient clinic will be planned. The paediatric cardiologists will 

assess the general physical condition of the patients, and register major complications or 

diseases that required hospitalization. This will be followed by a clinical neurological examination. 

Information on occurrence of epilepsy, loss of muscle strength and coordination, and on other 

eventual neurological problems will be the main interest. 

 

The second level will deal with subtler neurocognitive difficulties, which often go unnoticed. The 

assessment of the children will start with an age-adjusted intelligence testing. In children under 3 

years of age, this will be done by the Bayley Scales, which include the Psychomotor 

Developmental Index and the Mental Developmental Index. The Revised Wechsler Preschool 

and Primary Scale of Intelligence (WPPSI-R) and the Wechsler Intelligence Scale for Children-

Third Edition (WISC-3) are the appropriate tests in the 3-6 years and 7-16 years age group, 

respectively. These initial intelligence tests will be performed in their normal school setting, from 

kindergarten onwards. 

The general functioning of a child in its normal environment will be assessed by a questionnaire, 

which can be filled out by the parents. The Child Behaviour Check List (CBCL)63 is standardized 

and validated for Dutch, French and English speaking patients. It takes approximately 20 minutes 

to complete and reflects the child’s typical behaviour over the previous 6 months. Patients will be 
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excluded if the checklists haven’t been validated for their language. In our PICU, the number of 

non-Dutch proficient patients or their parents is estimated to be less than 5%. 

 

However, these tests are rather insensitive to subtle neurocognitive impairment. Hence, 

specialized neuropsychological examinations will be adopted to detect discrete changes in 

neurological development. The drawback is that these assessments are complex and labour 

intensive. As the tests are tiring, also for the children, they will be done over several hours with 

sufficient breaks to rest, sleep or play. Only one child will be tested per day.  

 

To avoid inter-examiner variability, one paediatric psychologist will be responsible for the 

following specific investigations. In order of importance, impairments of attention, memory, 

executive function (e.g. goal setting, mental flexibility, response decision-making, self-monitoring) 

and information-processing speed will be assessed by computer-aided neurocognitive tests. The 

former functions were selected as they are preferentially damaged in critical illness and in 

children with type 1 diabetes.64 

 

The Amsterdam Neuropsychological Tasks (ANT, Table 1)65 is the standardized system, which 

will be used in the proposed study. Its design, based on a strict, theoretical framework with 

accurate definitions of the cognitive functions, further strengthens its suitability for research 

purposes. The methodology is also designed to get around the problem of multi-functionality. This 

happens during complex tasks when alternative, compensatory mechanisms will mask potential 

impairments. The performances by the children will be recorded as response time, response 

accuracy (percentage of errors) and response stability (within-subject standard deviation of the 

response time). To allow individual diagnostics, the performances by the tested child will be 

immediately interpreted in the context of age-adjusted normal values with confidence intervals. 
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Table 1: Schematic overview of testing paradigms (ANT-programme)  

Domain Tests 

Computational information processing 

Working memory 
Decision making 
Response organization 
Motor preparation 

Attention 
Focused attention 
Divided attention 
Sustained attention 

Executive control 
Inhibition of impulsivity 
Attention flexibility  

Psychomotor function 
Eye-hand coordination 
Motor coordination 
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Statistical analysis plan for neurocognitive follow-up of tight glycemic control with 

insulin in critically ill children 

 

This is a safety analysis to assess whether tight glycemic control with intensive insulin therapy 

holds risks for harm to neurocognitive development. Intelligence will be the primaryendpoint. The 

null hypothesis states that there is no difference between the intervention and control groups. The 

sample size of the study (N=700) was determined for the primary acute ICU outcome (CRP and 

duration of stay in PICU) but allows to detect a 4 point IQ difference. 

Death and severe disability at follow-up are equally poor outcomes, reported as counts and 

percentages. Significance will be analyzed by chi-square testing for proportions followed by 

multivariable logistic regression analysis correcting for baseline risk factors. 

Results of the neurocognitive tests will be reported as medians and interquartile ranges. 

Significance testing will be performed using non-parametrical testing (Wilcoxon rank-sum test). 

To exclude the possibility that any incomplete follow-up induces bias, multiple data imputation 

using baseline factors will be performed. 

To assess the impact of hypoglycemia during intensive care, a propensity-score matched 

analysis will be performed comparing patients with hypoglycemia in the intervention group with 

patients from the control group. Multivariable linear regression analysis will be performed to 

assess the independent association of hypoglycemia with neurocognitive outcome, correcting for 

risk factors. 

Two-sided p-values at or below 0.05 will be considered significant. No corrections will be 

performed for multiple comparisons. 
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eProtocol. Acute outcome study 

 

(translated, May 2008) 

 

TIGHT GLYCAEMIC CONTROL WITH INTENSIVE INSULIN THERAPY IN PICU 

CLINICALTRIALS.GOV NCT00214916 

 

EXTENDED PROTOCOL 

D. Vlasselaers, I. Milants, P.J Wouters and G. Van den Berghe 

 

Background 

Hyperglycaemia associated with insulin resistance is common in critically ill patients, even in those who do 

not have diabetes.  In a prospective, randomized, controlled study involving 1548 adults admitted to the 

surgical intensive care unit (ICU) of the University Hospitals Leuven and receiving mechanical ventilation, 

intensive insulin therapy with glycaemic control targeting a level between 80 and 110 mg/dl substantially 

reduced mortality in the ICU, in-hospital mortality and morbidity.  Among many other beneficial effects, 

markers of inflammation were found to be suppressed in the intensive insulin treatment group as compared 

with the conventional treatment group (plasma glucose levels between 180 and 200 mg/dl) (Hansen TK et 

al. J Clin Endocrinol Metab. 2003; 88:1082-8).  This study showed that insulin exerted potent anti-

inflammatory actions and suggested that it may have a much wider role in clinical medicine than controlling 

plasma glucose levels and glucose uptake.  

Hyperglycaemia is also prevalent among paediatric ICU (PICU) patients. It is unclear whether 

hyperglycaemia merely reflects severity of the illness or that it is deleterious in itself.  In health, blood 

glucose levels range in neonates (aged <4 weeks) from 1.7-3.3 mmol/l (30-60 mg/dl), in infants (aged 4 

weeks-1 year) from 2.2-5.0 mmol/l (40-90 mg/dl), in children <2 years from 3.3-5.5 mmol/l (60-100 mg/dl) 

and in children older than 2 years from 3.9-5.9 mmol/l (70-105 mg/dl).   
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Our central hypothesis is that targeting age-adjusted normoglycaemia in critically ill infants and children in 

the PICU improves outcome. 

 

Study Objectives 

The primary objective of this study is to investigate the impact of age-adjusted normoglycaemia using insulin 

infusion on morbidity in critical illness, which could be mediated in part via prevention of excessive 

inflammation.  

 

Methods 

Study design : 

Prospective, randomized controlled study. 

Inclusion/exclusion criteria : 

Infants and children (0-16 years) admitted to the PICU will be eligible, after written informed consent from 

parents or legal guardians.   

Exclusion criteria: expected PICU stay shorter than 24h, no arterial line, a DNR or therapy restriction code 

before admission, objection by senior treating physician’s decision, other study protocol. 

Study groups : 

Patients will be allocated to intensive or conventional insulin schedule. Assignment will be done ad random prior 

to surgery or at PICU admission, by use of blinded envelopes, stratified according to diagnostic category (listed 

in appendix 1) and age group (infants / children), in permuted blocks of ten.   

In the conventional group, insulin will only be infused when blood glucose level exceeds 11.9 mmol/l (215 

mg/dl) twice, with dose adjusted by the nurses to maintain levels between 10-11.9 mmol/l (180-200 mg/dl). 

When blood glucose drops  below 10 mmol/l (180 mg/dl) insulin infusion is stopped.  

In the intensive group, insulin will be given targeting age-adjusted normoglycaemia. To design a simple 

protocol that is also safe, we defined two age-adjusted target glycaemic ranges: 2.8-4.4 mmol/l (50-80 

mg/dl) for infants aged 0-1 year, 3.9-5.5 mmol/l (70-100 mg/dl) for children aged 1-16 years. These targets 



© 2012 American Medical Association. All rights reserved. 
 

avoid the lower ranges of normality in all patients. Insulin is started as soon as blood glucose exceeds the 

upper normal limit. Upon discharge from intensive care, insulin infusion will be stopped.  

Insulin infusions contain 10 IU Actrapid HM® in 50ml NaCl 0.9% for patients weighing  less than 15 kg, 20 IU 

Actrapid HM® in 50ml NaCl 0.9% for patients weighing 15-30 kg and 50 IU Actrapid HM® in 50ml NaCl 0.9% 

for patients weighing  more than 30 kg. A syringe-driven infusion pump (BBraun) will always be used.  The 

starting insulin dose will be 0.1 IU/kg/h for a first measurement above upper normal limit and 0.2 IU/kg/h for a 

first measurement above twice the upper normal limit.  Based on measurement of blood glucose concentration 

in undiluted arterial blood at 1 to 4 hour intervals using the ABL700 analyzer, the insulin dose will be adjusted 

by 0.02 IU/h up to 1 IU/h increments. (bedside guideline for nurses in appendix 2) 

For infants, insulin infusion is to be stopped when blood glucose is below 2.8 mmol/l (50 mg/dl), and 1ml/kg 

of a 50% dextrose solution is administered for blood glucose below 1.7 mmol/l (30 mg/dl).  For children, 

insulin is to be stopped when blood glucose drops below 3.9 mmol/l (70 mg/dl), and 1ml/kg of a 50% 

dextrose solution is given when blood glucose falls below 2.2 mmol/l (40 mg/dl). The routine nutrition 

strategy (based upon guidelines by F. Shann), applicable in our PICU, will be used in both groups.  

Data collection : 

At baseline, severity of illness scores (PELOD and PRISM) will be calculated. Blood will be sampled on 

admission and subsequently every hour until the blood glucose target is reached, followed by every 4 hours, 

or, in unstable periods, up to every 30 min. All patients will receive an inline device to limit bloodloss (VAMP 

junior, Edwards). As in adults, hypoglycaemia is defined as blood glucose ≤2.2 mmol/l (40 mg/dl). Because 

in healthy neonates, blood glucose may be as low as 1.7 mmol/l (30 mg/dl), we will also define 

hypoglycaemia <1.7 mmol/l (30 mg/dl).  Secondary infection is defined as a suspected/documented infection 

diagnosed in the PICU by the senior intensivist which requires treatment with IV antimicrobial therapy for 

more than 48h.  

As in our adult study, in order to minimize bias in the analysis of duration of PICU stay which is caused by 

availability of a bed on the paediatric ward, patients will be labelled ‘dischargeable’ when no longer needing vital 
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organ support and receiving at least 2/3 of the calculated caloric needs through the normal enteral route or 

earlier when actually sent to a ward. The senior intensivist will determine the cause of death in the PICU.  

Blood (5 ml) will be sampled on a daily basis for further mechanistical analyses.  

Outcome measures : 

The primary endpoints are duration of stay in intensive care and biochemical markers of inflammation. 

Secondary outcome measures are time on mechanical ventilatory support and on other vital organ support 

(vaso-active IV drugs, pacemaker, inhaled NO, extracorporeal membrane oxygenation (ECMO), ventricular 

assist devices, dialysis); markers of organ dysfunction (creatinine, urea, bilirubin, troponin and HFABP), and 

the number of patients with secondary infections. Hypoglycaemic episodes and all symptoms that eventually 

related to hypoglycaemia will be recorded. Additionally, the time to normalization of glycaemia after 

hypoglycaemia and the peak bloodglucose level reached within 4 hours will be registered. Mortality in PICU 

will be a safety endpoint. 

Statistical analysis : 

The sample size (700) is calculated for an effect on inflammation (CRP) similar to that observed in our adult 

study.  We hypothesized a 20 mg/l difference in CRP on day 5 after randomization (2-sided alpha level 

<0.05 and a power of 80%).  

For the statistical analysis, we will use StatView (SAS). All analyses will be done on intention-to-treat basis.  

No corrections for multiple comparisons will be done. Data will be presented as means±SD, medians (IQR) 

or proportions as appropriate. Outcome variables will be analysed using Student’s t-test (normal 

distribution), Chi-square test (proportions), Mann-Whitney-U test (non-normally distributed), ANOVA for 

repeated measures (normally distributed multiple measurements in the same patient). PICU mortality will be 

analyzed using Kaplan-Meier analysis and log-rank testing.  Odds ratios will be calculated using logistic 

regression analysis.  



© 2012 American Medical Association. All rights reserved. 
 

Appendix 1 

diagnostic categories:  

cardiac surgery  

complicated/high risk surgery or trauma 

neurological medical disorders 

infectious medical diseases 

other medical disorders 

solid organ transplants 
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Appendix 2: Insulin titration guideline 
(translated from Dutch) 

 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Initiation of insulin 

Target levels for BG* 

 < 15 kg 

 > 30 kg 

10 IE / 50 ml 

50 IE / 50 ml 

: 

: 

0,5 ml / kg / h 

0,1 ml / kg / h 

in principle adjust per 1 ml/h – if necessary per 0,1 ml to per 2 ml (more info see extended protocol) 

concentration “start dose” 

Intensive Insulin Therapy PICU  

< 1.7 mmol/l 

< 2.2 mmol/l 

0 – 1 year 

1 – 16 year 

2.8 – 4.4 mmol/l 

3.9 – 5.5 mmol/l 

: 

: 

age 

age 

3.6 mmol/l 

4.7 mmol/l 

“Ideal” target:  

if BG* > upper normal if BG* > 2x upper normal 

1 ml / kg / h 

0,2 ml / kg / h 

stop insulin when:  

< 2.8 mmol/l 

< 3.9 mmol/l 

(1 ml/kg glucose 50%) 

stop insulin + give glucose when:  

*BG = blood glucose 

 weight 

 weight 

weight ≥ 15 kg 20 IE / 50 ml 

: 

0,25 ml / kg / h  0,5 ml / kg / h 
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Appendix 3 : Informed consent forms acute outcome study (DUTCH)
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Informed consent forms acute outcome study (FRENCH)
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Addenda acute outcome study 

 

Addendum : feeding protocol PICU insulin study (translated) 

 

Feeding protocol based upon booklet Frank Shann, edition 2003 

 

IV nutrition should be started as a mixture of glucose 20% and Vamin-glucose® 10% in equal amounts. For 

patients on fluid restriction, total fluid intake should be 50 ml/m2/h on day 1 and 2, and 60 ml/m2/h on day 3. 

Patients not requiring fluid restriction need 100 ml/kg/day for the first 10 kg bodyweight, 50 ml/kg for the next 10 

kg, and 20 ml/kg for the bodyweight over 20 kg.  

Intralipid® 20% is added to IV nutrition from day 4 onward, starting with 5 ml/kg/day, increasing to a maximum of 

15 ml/kg/day.  

 

Enteral feeding should be attempted as soon as possible. For infants, use breastmilk or the home milk formula.  

For older children, use Pediasure®, unless contra-indicated by the medical condition.  Administer enteral feeds for 

10 hours followed by a 2 hours rest and gradually increase amount as tolerated. Switch to oral intake when safe.  
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Addendum : instructions for reporting hypoglycaemia-related symptoms and 

complications in PICU insulin study (translated) 

 

Symptoms related to hypoglycaemia include :  

 

sweating and/or agitation 

arrhythmia 

other haemodynamic deterioration 

neurological deterioration 

convulsions 

death 

 

At all times, but most specifically at times of hypglycaemia (≤ 40 mg/dl), look out for such events. In case they 

occur, call for attending intensivist, note any such event in the patient file even when minor, and inform the 

research nurse in detail about these events (40991). The research nurse will note ALL this information in the 

electronic study CRF.  

Any safety concern can be reported to the research nurse at all times.  

 


