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ABSTRACT		
Objective: To study 12-month persistence of neuropsychological deficits in PICU survivors.  
Design: Prospective follow-up study.
Setting: Two PICUs.
Participants: Children aged 5-16 years with neuropsychological deficits 3-6 months following PICU care for meningo-encephalitis, sepsis and other critical illnesses (excluding other primary neurological disorders).
Interventions: None.
Measurements and Main Results: Neuropsychological function was assessed using the Cambridge Neuropsychological Test Automated Battery (CANTAB); the Children’s Memory Scale (CMS); and the Wechsler Abbreviated Scale of Intelligence (WASI) or Wide Range Intelligence Test (WRIT). 47/88 (53%) PICU admitted children were identified as neuropsychologically impaired 3-6 months after discharge; of these, 23 provided 12-month follow-up data. In spite of significant improvements in measures of memory, there was little change in intelligence quotient and visual attention over the study period, and children’s educational progress remained below expectation. 
Conclusions: We found persistently reduced neuropsychological function following PICU admission in the critical illnesses under study.


INTRODUCTION    
	Advances in paediatric critical care have led to substantially improved outcomes following admission to paediatric intensive care units (PICUs) (1). Whilst most children achieve a full physical recovery, a proportion of admissions are followed by psychological sequelae (2).  Research in adults with critical illness has documented a legacy of long-term physical, neuropsychiatric and quality of life impairments and described persisting deficits in global cognition and executive function, comparable to those seen following moderate traumatic brain injury (3). 
	Neuropsychological outcomes after paediatric critical illness have rarely been studied.  In a previous paper, we reported neuropsychological deficits and scholastic difficulty in children 3-6 months after PICU discharge when compared with healthy matched controls (4), including a 9-point difference in intelligence quotient (IQ) scores (although scores were still within the normal range). 
The aim of the current study was to explore the persistence of neuropsychological deficits 12-months following PICU discharge in children who were identified as neuropsychologically impaired at 3-6 months post discharge and who did not suffer from a relapse, or onset of another critical illness. We hypothesized substantial improvements at follow-up.
MATERIALS AND METHODS
Participants and procedure
	Between April 2007- March 2010 we recruited 88 (from a possible 175) 5-16 year olds admitted to two PICUs in London with meningo-encephalitis, septic illness or other common critical illnesses (e.g., respiratory failure, sickle-cell crises, post-surgery) in order to document neuropsychological and mental health outcomes 3-6 months following discharge and to examine the contribution of both neurologic and systemic infection. To help establish whether any problems identified were related to the acute critical illness, children were excluded if there were pre-existent developmental, neurological or psychiatric illnesses. Children were also excluded if they presented with a diagnosis of a primary neurological disorder, other than meningo-encephalitis, such as traumatic brain injury. For comparison purposes, a group of matched healthy controls was also studied. All children underwent detailed neuropsychological assessment. In addition, their classroom teachers completed educational progress questionnaires (4). 
In the absence of pre-morbid neuropsychological scores, children were selected for 12-month assessment if they were identified as having impaired neuropsychological function at 3-6 months, either through scoring at least 1SD below the normative mean for their age group on three or more of the eight tests performed, or at least 2SD below the mean in two or more tests.  The earlier 3-6 month assessment procedure was repeated at 12-months. 
	Ethical approval was granted by the Research Ethics Committee at Hammersmith Hospital, London.    
Instruments	
	We collected socio-demographic and previous health information from parents/carers and clinical information from hospital case notes. All children were assessed with a neuropsychological battery of eight tests measuring intelligence, memory and attention. Intellectual function was assessed using the Wide Range Intelligence Test (WRIT) for 5 year olds (5) or the Wechsler Abbreviated Scale of Intelligence (WASI) for older children (6). Verbal memory (i.e., the ability to learn, recall and recognise verbal material) was measured using the Children’s Memory Scale (CMS; 7). To assess visual memory and attention we used five tests from the Cambridge Neuropsychological Test Automated Battery (CANTAB; CeNesPlc, Cambridge, UK), including measures of recall (paired associates learning) and recognition memory (pattern recognition memory); working memory (spatial working memory) and working memory capacity (spatial span); and sustained attention (rapid visual information processing).  In addition, children’s teachers were asked to complete a standardised questionnaire detailing the child’s academic performance since discharge (4).
Statistical Analysis
Due to the small sample size, analysis split by admission type was precluded. Thus, data is presented for the PICU group as a whole. To compare data obtained at both time-points we used the paired exact tests (binomial distribution) for categorical data and bootstrapped repeated measures t-tests for continuous data, as this data was not normally distributed (8). Categorical data are expressed as frequency (percent) and continuous data as means (± bias corrected and accelerated (BCa) 95% confidence intervals).  Bias corrected standard deviations of the values at both time-points were used to calculate effect sizes (Effect Size Calculator, Melody Wiseheart, York University, 2013). 
RESULTS
Figure 1, Supplemental Digital Content 1, illustrates our patient recruitment process. Of the 88 children who took part in the 3-6 month follow-up, 47 were identified as neuropsychologically impaired, and of these, 23/47 provided 12-month follow-up data. Participants (n=23) and non-participants (n=24) were similar on demographic and clinical measures (p’s>0.05). The median age on admission to PICU was 6 years (IQR=6-13), 10 (44%) were male, 14 (60.9%) White; 9 (39%) had a chronic medical condition.  Children spent a median of 3 days (IQR=1-8) on PICU and 13 days (IQR=6-21) in hospital; 5 (22%) were diagnosed with meningo-encephalitis, 8 (35%) with sepsis, and 10 (43%) with another critical illness.
The 3-6 month follow-ups were conducted a median of 153 days (IQR=126-180 days) and the 12 month follow-ups 383 days (IQR=380-446 days) after PICU discharge. The comparison of neuropsychological findings at both time-points is given in Table 1. This shows little change in IQ scores over time (p>.05), but statistically significant improvements in some verbal and visual memory domains. 
Academic questionnaires were completed by 14/23 (61%) teachers at both time-points. The median number of days between PICU discharge and completion of the questionnaires was 195 (IQR=157-206) and 420 days (IQR=401-486). Results are given in Table 2 and show little change in children’s global educational progress or learning skills (p’s>.05). 
DISCUSSION
This 12-month follow-up study of children with neuropsychological deficits following admission to PICU found little improvement between the 3-6 month and the 12-month follow ups in intellectual function and visual attention, in spite of improvements in a number of verbal and visual memory tests. In the reduced sample where teacher reports were available, there was little change in rates of children with academic problems, including difficulty in keeping up with school work, problem-solving and attention control. 
Since we excluded from this study children with premorbid developmental/neurological problems, the findings suggest that these are neuropsychological and scholastic sequelae of acute critical illness. However, whilst IQ levels were reduced compared with healthy matched controls, they remained within the normal range and thus the longer-term implications for educational performance require further elucidation. 
We are not aware of previous longitudinal studies of neuropsychological performance in this group of children, but the findings of persisting neuropsychological deficits are in accordance with follow-up studies of adults with critical illness (3) and have also been reported following moderate to severe paediatric traumatic brain injury (9-10).
The persisting low IQ scores in our sample, in spite of improved verbal and visual memory, may reflect the fact that notwithstanding some overlap, these tests assess different aspects of neuropsychological function.  Although there were significant improvements in memory tasks, the test scores were still considerably lower than those observed in the healthy controls baseline data (4).
The main limitations of our study are the small sample size and possible follow-up attrition bias. Clearly replication in larger samples is called for.  Our findings apply to children over 5 years with neuropsychological deficits following selected critical illnesses. We excluded younger children and those with pre-morbid developmental problems or primary neurological admissions (other than meningo-encephalitis); our findings therefore may not be applicable to all PICU admissions.  
Against these limitations, the strengths of the study include its innovative and ground-breaking nature in addressing 12-month neuropsychological performance in a carefully defined and assessed group of impaired children.  Longer-term neuropsychological and academic follow-up will help establish the pattern of impairments and their clinical implications in survivors of childhood critical illness.
CONCLUSION
To the best of our knowledge this study is the first of its kind in showing 12-month persistence of reduced neuropsychological function and scholastic problems in a carefully selected sample of schoolchildren with well-documented neuropsychological deficits 3-6 months following PICU admission.  
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Table 1. Neuropsychological Performance at 3-6 months and 12-months follow-up.

	Neuropsychological test scores
	n
	3-6 month follow-up
	n
	12-month follow-up
	p 
(df = 1)
	Effect Size 
(d)a

	Wechsler Abbreviated Scale of Intelligence/Wide Range Intelligence Test

	     Full-Scale intelligent quotient 
	22
	92.27 (86.86, 97.90)
	22
	93.05 (88.23, 98.23)
	0.65
	0.14

	Children’s Memory Scale
	
	
	
	
	
	

	     Verbal immediate index
	23
	91.48 (86.66, 96.45)
	23
	99.00 (92.65, 105.15)
	0.14
	0.94

	     Verbal delayed index
	23
	92.13 (87.04, 96.91)
	23
	101.13 (94.48, 107.69)
	0.008b
	0.73

	     Verbal delayed recognition index
	23
	91.21 (85.47, 96.84)
	23
	97.00 (89.70, 103.28)
	0.18
	0.37

	Cambridge Neuropsychological Test  Automated Battery

	  Pattern Recognition Memory
	
	
	
	
	
	

	     Percentage correct immediate
	23
	85.87 (79.35, 91.67)
	23
	88.41 (84.42, 92.39)
	0.48 
	0.33

	     Percentage correct delayed
	23
	68.45 (63.41, 73.91)
	23
	76.09 (70.65, 81.52)
	0.03c 
	0.76

	  Spatial Working Memory
	
	
	
	
	
	

	     Total between errors
	23
	54.61 (48.04, 61.13)
	23
	49.74 (42.47, 57.44)
	0.04c
	0.62

	  Spatial Span
	
	
	
	
	
	

	     Span length
	23
	4.57 (4.08, 5.04)
	23
	5.00 (4.48, 5.52)
	0.04c
	0.62

	 Rapid Visual Information   
 Processing
	
	
	
	
	
	

	     Performance accuracy (A’)
	23
	0.90 (0.88, 0.93)
	23
	0.92 (0.90, 0.95)
	0.13 
	0.65

	  Paired Associates Learning
	
	
	
	
	
	

	     Total errors (adjusted)
	23
	25.26 (16.96, 34.84)
	23
	17.48 (10.91, 25.80)
	0.03c
	0.41

	     Number of trials to success
	23
	2.70 (2.23, 3.25)
	23
	2.13  (1.81, 2.52)
	0.01c
	0.57


Data are presented as means (BCa 95% Confidence Interval) or frequency (percent).
The outcome measures included in this table are those that yielded a significant difference between PICU cohort and healthy controls at the 3-6 month follow-up assessment.
aAn effect size (d) between 0.2 and 0.5 was considered a small effect, 0.5 and 0.8 a moderate effect, and 0.8 and above a large effect.
bp <0.05.
c p<0.01.



Table 2. Teacher reported problems and below average performance in school at 3-6 months and 12-months follow-up.

	Teacher-rated performance
	n
	3-6 month follow-up
	12-month follow-up
	p 
df = 1

	Problems
	
	
	
	

	    Difficulties keeping up with school work 
	13
	3 (23%)
	3 (23%)
	1.00

	Below average abilities
	
	
	
	

	    To focus attention
	13
	5 (39%)
	5 (39%)
	1.00

	    To divide attention
	14
	5 (36%)
	3 (21%)
	0.63

	    Analyse a task in to component parts
	14
	5 (36%)
	5 (36%)
	1.00

	    Consider a variety of possible solutions
	13
	5 (39%)
	5(39%)
	1.00

	    Plan activities
	13
	4 (31%)
	3 (23%)
	1.00


Data are presented as frequency (%).
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Figure 1. Flow diagram illustrating patient recruitment process.




