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OFF THE NEUKOPSVCHOLOGÏCA L 
WIT HH VELO^ARDIO-FACJA L SYNDROME (VCFS). 
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ABSTRACT T 
Velo-cardio-faciall  syndrome (VCFS) is associated with deletions on the long arm 
off  chromosome 22, mild intellectual disability, poor social interaction and a high 
prevalencee of psychosis. However, to date there have been no studies investigating 
thee neuropsychological functioning of adults with VCFS. 
Methods::  We compared 19 adults with VCFS with 19 age, gender and IQ matched 
controlss using a comprehensive neuropsychological battery. 
Results::  Compared to controls, adults with VCFS had significant impairments in 
visuoperceptuall  ability (Visual Object and Space Perception Battery), problem solving 
andd planning (Tower of London) and abstract and social thinking (Comprehension 
WAIS-R). . 
Conclusions::  It is likely that haploinsufficiency (reduced gene dosage) of a 
neurodevelopmentall  gene or genes mapping to chromosome 22q 11 underlies the 
cognitivee deficits observed in individuals with VCFS. 

Keyy Words: Velo-cardio-facial syndrome (VCFS); cognitive ability; visuoperceptual 
ability;; executive function; brain development. 
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INTRODUCTION N 
Velo-cardio-faciall  syndrome (VCFS), a relatively common genetic syndrome 
(occurringg in approximately 1:4000 live births) is associated with deletions on the 
longg arm of chromosome 22 [7, 32, 26], The clinical phenotype is variable but cleft 
palate,, cardiac anomalies, a typical facial appearance and intellectual disabilities are the 
mostt common features [30,11], Behavioural characteristics include social withdrawal, 
shynesss and impulsivity with poor attention and concentration [9]. Furthermore, 
childrenn with VCFS score higher on measures of anxiety and depression compared to 
childrenn in the general population [32]. Recently attention has also focused on VCFS 
becausee it is associated with a high prevalence of neuropsychiatric disorders, including 
schizophreniaa in adolescence and adulthood [23, 24, 31]. 
Intellectuall  disability has been reported as one of the major features of VCFS. Thus 
far,, research has focused largely on children with VCFS and the majority are reported 
too have mild intellectual disabilities (ranging from moderate through to average 
ability)) [9. 32]. To date the most consistent finding from the child and adolescent 
literaturee is the discrepancy between Verbal and Performance IQ on tests of general 
intellectuall  functioning. Several studies have reported differences between Verbal and 
Performancee IQ, indicating superior verbal skills [8,32], It has been postulated that this 
discrepancyy is related to a combination of impairments in visuospatial ability, planning 
ability,, non-verbal reasoning, and deficits in novel reasoning and concept formation 
[8],, However, these conclusions have been made based on the administration of tests 
off  general intellectual functioning in children without comparison to an IQ matched 
controll  group. Furthermore, it remains unclear whether these findings are specific 
too children (i.e. are these deficits are also present in adults?) or VCFS (i.e. are these 
deficitss associated with lower levels of intellectual ability?). Moreover, other cognitive 
domainss such as memory and executive functioning have not yet been studied in VCFS 
duee to the focus on developmental and attainment issues. 

Untill  recently little was known about the neurobiology underlying neuropsychological 
deficitss and psychiatric disorders associated with VCFS. Most structural neuroimaging 
studiess have been qualitative whilst the few quantitative studies having been carried 
outt with children. The majority of these studies suffer methodological flaws including 
smalll  sample sizes and absence of appropriately matched control groups. Nevertheless, 
consistentlyy reported findings have included the presence of a small cerebellum, white 
matterr hyperintensities and developmental midline abnormalities. Recently however, in 
aa quantitative neuroimaging study of VCFS adults, van Amelsvoort et al. [40] reported 
that,, compared to an age and IQ-matched control group, adults with VCFS exhibited 
widespreadd differences in white matter bilaterally and regional specific differences in 
greyy matter in left cerebellum, insula, frontal and right temporal lobes. 

Thee neuropsychological profile of adults with VCFS has not been previously 
reported.. Consequently, we undertook the current study using a comprehensive 
neuropsychologicall  test battery covering major areas of functioning including 
intelligence,, memory, attention and executive functioning to compare a group of VCFS 
adultss to a matched IQ, age and gender control group. 
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METHODOLOGY Y 
Subjects. Subjects. 
VCFSS participants were recruited from the University of Wales College of Medicine, 
Cardiff,, and the Behavioural Genetics Clinic, Institute of Psychiatry, London and 
weree ascertained from a variety of sources. Some 16 (84%) were recruited from 
numerouss departments of medical genetics throughout England and Wales, two 
(11%)) were recruited from psychiatric services and one (5%) was recruited from 
thee cardiology services. Participants underwent genetic, physical and psychiatric 
examinationss and routine laboratory investigations as discussed previously [23], All 
VCFSS participants demonstrated a chromosome 22ql 1 deletion using fluorescent in 
situu hybridisation (FISH) (Oncor Inc., Gaithersburg, MD,USA). Of the VCFS sample 
42%% (N=8) had a history of psychosis, 37% (N=7) suffered from congenital heart 
diseasee and for 79% (N=15) the deletion occurred de novo (table 1). 

Gender r 

Age e 

FSIQ Q 

Historyy of 
Psychosis s 

Deletion n 

VCFS S 
(n== 19) 

Malee - 5 
Female-- 14 

35.166  11.42 

744  11.46 

42%% (N=8) 

Dee Novo 79% 
Familiall  16% 

Control l 
(n=19) ) 

Malee - 4 
Femalee - 15 

34.955  9.72 

81.166  14.90 

0% % 

PP Values 

.50 0 

.95 5 

.10 0 

Tablee 1, Demographic Data for  VCFS and control groups. 

Duee to the low intellectual capability of the VCFS group as a whole it was necessary 
too match the control group on this factor. The most appropriate group for this purpose 
wass a mixed sample of adults in the borderline range of intellectual functioning 
(FSIQQ 70-85) and adults with mild intellectual disability (FSIQ <70). The group 
wass matched in terms of IQ, age and gender. Healthy controls were recruited from 
locall  Learning Disability Day Centres through advertisements. Inclusion criteria 
requiredd adults with FSIQ 60-85, no psychiatric or neurological disorder (all control 
participantss were screened for psychiatric history using reports from key workers and 
self-reportt questionnaires) or epilepsy. All participants with intellectual disabilities 
underwentt genetic screening and none were found to have any genetic abnormalities. 
Nonee of the participants had a medical disorder affecting brain function e.g. epilepsy 
orr hypertension. 
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Neuropsychologicall  Testing. 
Intellectuall  functioning, memory, visuospatial/perceptual function, executive 
functionn and attention were measured. 

GeneralGeneral Intellectual Functioning: The Canavan [4] short version of the Weschler 
Adultt Intelligence Scale -Revised (WAIS-R) [38] was used comprising of five 
subtests;; Vocabulary, Comprehension, Similarities, Block Design and Object 
Assembly.. A pro-rating scoring system was used to obtain Intellectual Quotients 
(IG/s). . 

Memoty:Memoty: The Doors and People Test of Visual and Verbal Recall and Recognition 
[1]]  was chosen because of its suitability for a population with varying degrees of 
intellectuall  functioning. The test distinguishes between verbal and visual abilities 
inn patients who have undergone left and right temporal lobectomies and in addition 
wass found to be a suitable assessment of both recall and recognition [ 16]. The test is 
dividedd into four sections: (1) Verbal Recall (People Test): Participants are required 
too leam the fore and surnames of four characters with visual and verbal aids in the 
formm of photographs and occupation. A maximum of three trials are available to 
learnn the names, and a further trial is repeated later as a delayed verbal recall test; 
(2)) Visual Recognition (Doors Test): Participants are required to recognise 12 doors 
whichh are presented with three distracter doors in a 2x2 array. There are two sets 
off  12; an easy set (A) and a harder set (B) which is not administered in this study if 
thee participant scores less than nine on set A (an option outlined in thee manual); (3) 
Visuall  Recall (Shapes Test): Participants are required to copy four simple drawings 
andd then recall the shapes from memory. A maximum of three trials are available 
too learn the drawings and a further trial is repeated later as a delayed visual recall 
test;; (4) Verbal Recognition (Names Test): Participants are required to recognise 
foree name/surname pairs using the same format as the Doors Test (i.e. recognition 
off  the target names from a list with three distracter names). The scoring technique 
providess results for individual components of memory functioning in addition to 
ann overall score. 

Furtherr testing of verbal memory employed two subtests from the Wechsler 
Memoryy Scale - Revised (WMS-R) [39] the Logical Memory (immediate and 
delayedd recall of 2 short stories) and Paired Associates subtests (immediate and 
delayedd recall of matched pairs). 

Visuo-spatialVisuo-spatial and perceptual functioning: The Visual Space and Object Perception 
Batteryy (VOSP) [35] was used, made up of an initial screening test and 8 subtests 
dividedd into two sections: object perception and space perception. 

ExecutiveExecutive functioning: 
11 Problem-Solving was tested using the 3-D Computerised Tower of London Task 

(3-DD CTL-Test) [18, 19, 28]. Two arrangements of three coloured discs on three 
differentt size rods are displayed on a touch sensitive screen. The top arrangement 
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iss presented as the target and remains static whilst the lower design is rearranged by 
thee participant to match the target design. Participants are encouraged to solve each 
problemm in the least number of moves possible. The 3-D CTL-Test is completed 
whenn the subject has attempted four "three-move'\ four "four-move", and four 
''five-move""  problems. Planning ability is then calculated by administering the 3-D 
Computerisedd Tower of London Control Task (3-D CTL-Control) which uses the 
samee presentation of arrangements but eliminates the problem-solving tasks. 

Thee combined data from the 3-D CTL-Test and the 3-D CTL-Control were used 
too calculate (a) the number of moves above the minimum required to solve each 
problemm (MAM) ; and (b) the true planning time (PT) by subtracting Control PT 
fromm Test PT. 

22 Spatial Working Memory and Strategy formation was measured using the Executive 
Golff  Task [2. 19] administered using a computer and touch sensitive screen on 
whichh there is a representation of a golfcourse and a golfer. Each golfcourse has 
aa specified number of flagged holes corresponding to the number of balls which 
thee golfer has available to putt. The participant is instructed to guess into which 
holee the golfer is going to putt the ball, and to remember which holes contain 
balls.. Participants must keep in mind the rule "the golfer never putts a ball into the 
samee hole twice". The task increases in difficulty as it moves from two trials with 
twoo flags and balls, to three flags and balls, three trials with four flags and balls, 
fourr trials with six flags and balls and finally four trials with eight flags and balls. 
Thee sequence of the 'correct' holes for the ball is determined by a pseudorandom 
functionn based upon the pattern of searching by the subject. 

Thiss test provides three measures: (a) Within search errors (WSE): if the participant 
duringg a single search sequence, 'guesses' the same hole more than once; (b) 
Betweenn search errors (BSE): if the participant 'guesses' a hole which already 
containss a ball; and (c) Strategy score: the computers monitors the sequence of 
choicess carried out by the participant and produces a score indicating good or poor 
usee of strategy. 

33 Initiation and Production of Verbal Information was tested using the Controlled 
Orall  Word Association Test [3]. Participants are asked to name words beginning 
withh a given letter in a 60-second time period. Three word generation trials were 
administeredd using the letters F, A and S. 

44 Cognitive Flexibility was measured using the Weigl test [10] made up of four sets 
off  shapes (squares, circles and triangles) of different colours (red, blue, yellow and 
green).. Participants are asked to sort the objects into groups of the same and then 
too sort into a second group. 

Attention:Attention: The Continuous Performance Test [5] was administered using a personal 
computerr on which the participant observes letters presented on the screen at different 
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speeds,, with an inter-stimulus interval of 1, 2 or 4 seconds, and each letter displayed 
forr 250 milliseconds. The participant is required to press the space bar following 
thee presentation of each letter, except when the letter X is shown. The results from 
thiss test include measures of attention, impulsiviry, perceptual sensitivity and rate of 
response. . 

Statisticall  Analysis 
Sociodemographicc data was examined using Independent /-tests and X2 analysis to 
ensuree that the VCFS and control group were matched for age, gender and 1Q. 

Thee main between group comparison was carried out to investigate the difference 
betweenn the VCFS and control group. This was achieved using independent t-
testss for all scores produced from neuropsychological tests which met criteria for 
normall  distribution. Mann Whitney CATests were used for those scores which were 
nott normally distributed (i.e. Incomplete Letters and Dot Counting on VOSP and 
Omissionn Values on CPT) whilst A^-square was used to analyse categorical data 
fromm the Weigl Test. Finally repeated measures MANOVA was used to compare the 
twoo groups in each analysis on a number of variables relating to performance on test 
itemss (ToL and Executive Golf Test). The MANOVA procedure was used in order to 
analysee the data both between-subjects and within-subject factors. 

RESULTS. . 
Thee VCFS group had a mean Full Scale IQ (FSIQ) of 74. Distribution of IQ scores 
showed:: 42% in the mildly intellectually disabled range (FSIQ 58 - 67), 37% in 
thee borderline range (FSIQ 71 - 82) and 21% in the average range of intellectual 
functioningg (87 - 97). Six (32%) VCFS participants were found to have a significant 
discrepancyy (11 points or more) [37] in favour of performance ability, three (16%) 
hadd a significant discrepancy in favour of Verbal ability, and over half of the group 
(nn = 10, 52%) did not produce a significant Verbal - Performance (V-P) discrepancy. 
Thee VCFS group performed significantly worse than the control group on the 
Comprehensionn subtest (P < .05/ No significant differences were found between 
VCFSVCFS and control group on Full Scale IQ, VIQ, PIQ or V-P discrepancy. Similarly 
theree was no difference in performance on tests of memory, attention, cognitive 
flexibility ,, spatial working memory or verbal fluency (Table 2). 
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Tablee 2. Neuropsychological test scores for  VCFS and control group. 
Valuess are group means  S.D. Level of statistical significance *P < 0.05, 
**P<0.01. **P<0.01. 

Intellectuall  Functioning 

WAIS-RR : 
Vocabulary y 
Comprehension n 
Similarities s 
Blockk Design 
Objectt Assembly 

VIQ Q 
PIQ Q 
FSIQ Q 
V-PP Discrepancy 

Memory y 

Doorss and People: 
People e 
Doors s 
Shapes s 
Names s 
Overall l 
Visual l 
Verbal l 
Recall l 
Recognition n 
Overalll  Forgetting 

WMS-RR : 

Logicall  Memory Immediate 
Logicall  Memory Delayed 
Pairedd Associates Immediate 
Pairedd Associates Delayed 
Verball  Memory Index 

VCFS S 

(n=19) ) 

5.055 7 
*4.74  1.37 
5.633  1.57 
6.166 7 
5.211 0 

74.211 9 
77.844 9 

744  11.46 
-2.955  13.73 

<nn = 18) 

5.722 5 
5.399 0 
6.322 9 
7.111 5 
4.611 3 

5 5 
6.111 9 
5.333 1 
5.722 0 
10.000 8 

(n=19) ) 

244  10.33 
6.688 4 
13.477  5.71 
11.688 7 

71.399  13.21 

Controls s 

(n=19) ) 

66  2.45 
6 6 

6.955 1 
7.377 0 
6.844 3 

79.899  14.04 
85.633  19 

81.16  14.90 
-5.74  14.17 

(n=19) ) 

7.844 5 
6.533 5 
7.266 9 
6.899 1 
6.000 7 
6.533 5 
6.955 5 
7.266  4.08 
6.322  3.02 
10.266 5 

(n=19) ) 

28.111  16.20 
9.744  7.42 
14.744 3 
11.799 1 

74.688  16.60 



Visuospadal/perceptual l 
Functioning g 

VOSP: : 
Incompletee Letters 
Silhouettes s 
Objectt Decision 
Progressivee Silhouettes 
Dott Counting 
Positionn Discrimination 
Numberr Location 
Cubee Analysis 
Numberr of Passes 

Spatiall  Workin g Memory 

Executivee Golf Task 

Withinn Search Errors 
Betweenn Search Errors 
Strategyy Formation 

Planningg and Problem-Solving. 

Towerr of London 

Movess Above Minimum 
Planningg (sees) 

Verball  Fluency 

Total l 

Weigl l 

Sorting g 
Shifting g 

Attention n 

CPT(T-Scores): : 
Ommissionn Errors (percentiles) 
Hitt Reaction Times (T-scores) 
Variablilityy Of S.E.'s(T-scores) 
Hitt SE Block Change(T-scores) 
Commissionn Errors(T-scores) 
Perceptuall  Sensitivity(T-scores) 
Riskk Taking(T-scores) 
CPTT Index Score 

<n=19) ) 

19.111  1.63 
**  15.32 6 

2 2 
11.744 4 
9.799 2 

16.588 4 
9 9 

6,799  2.84 
5.055  1.58 

<n=19) ) 

0.811  1.13 
6.300 2 
14.755  1.82 

(n=18) ) 

*2.27  1.85 
6 6 

(n== 18) 

24.288  12.54 

(n== 18) 

100% % 
50% % 

(n=19) ) 

95.677 3 
42.133 7 
70.400  14.47 
57.37  18,19 
62.977  13.83 
70.64  11.18 
81.144  17.01 
10.733 9 

(n=19) ) 

19.16  1.92 
**  18.95 3 

4 4 
11.055 8 
9.799 2 

18.000 5 
6.955 5 

88 8 
6.266  2.02 

(n=19) ) 

0.411 6 
4.999 2 
14.055 6 

(n=16) ) 

*1.4  1.65 
6 6 

(n=18) ) 

29.111  16.38 

(n=18) ) 

100% % 
78% % 

(n=19) ) 

80.833 8 
39.999  11.93 
62.377  14.72 
47.155  14.75 
57.077  22.28 
64.155 8 
79.599  20.70 
88 6 
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Almostt all VCFS and control participants passed the Screening Test on the VOSP. 
However,, the VCFS group failed significantly more subtests than the control group. 
Thee VCFS group performed significantly worse on the Silhouettes {P < .05) and 
Objectt Decision subtests (P < .01). Both of these subtests are contained within the 
objectt perception section of the battery. 

Onn the Tower of London (ToL), using Group (VCFS and control) as between subject 
factorr and Problem Level (3,4 and 5) as the within subject factor, a significant group 
effectt (F = 4.50; d.f. 1.32; p < .05) and problem effect <F = 28.60; d.f.1.32; p < 
.05)) was found. This suggests that the number of moves required to complete the 
problemss increased as the degree of difficulty increased. However, the VCFS group 
requiredd significantly more moves to solve the problems than the controls. The 
analysiss of planning time found a significant group effect (F = 6.57; d.f. 1.32; p< .05) 
withh no significant problem effect indicating that the VCFS group used significantly 
lesss planning time. 

DISCUSSION. . 
Inn this study, our aim was to examine the neuropsychological profile in adults with 
VCFSS and deletion of chromosome 22ql 1 and to investigate whether there are specific 
cognitivee deficits associated with this group. We found that the VCFS group performed 
significantlyy worse than controls on the Comprehension subtest of the WAIS-R, 
Silhouettess and Object Decision subtests of the VOSP and accuracy of problem solving 
onn the ToL. In addition, the VCFS group used significantly less planning time on 
thee ToL than the control group. The use of a control group was included in order to 
establishh whether the findings are specific to VCFS and cannot be otherwise accounted 
forr by age, gender, or IQ. 

Ourr interest in the neuropsychological profile of adults with VCFS follows from the 
workk already carried out with children. In contrast to the results presented from this 
study,, research on children with VCFS provides evidence for a consistent cognitive 
profilee and this has been reported to be similar to that identified in children with Non-
Verball  Learning Disabilities (NVLD) [21,33]. This work has paved the way for more 
focusedd research which can begin to unravel the underlying deficits which may shape 
thee cognitive profile. For example, the exploration of deficits in arithmetic commonly 
foundd in children with VCFS has been further investigated by assessing how these 
relatee to deficits in visual-spatial memory [37]. Although we have not yet reached 
thiss stage for adults with VCFS, consideration of the cognitive profile will point in the 
appropriatee direction for future work. 

Intellectuall  disability has been reported to be one of the major characteristics associated 
withh VCFS [31]. However, we found that over half (58%) of the VCFS group were 
functioningg in the borderline / low average range of intellectual ability. It may be 
possiblee therefore that the strong association between intellectual disabilities and VCFS 
reflectss a recruitment bias as a result of biased genetic screening focusing on people 
withh intellectual disabilities. As Murphy et al. [22] suggested, it is possible that VCFS 
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iss under-diagnosed due to lack of genetic screening carried out in clinical populations 
functioningg at a high level of intellectual ability. In addition, Swillen et al. [32] have 
reportedd a higher rate of intellectual disability associated with familial deletions in 
VCFSS individuals. It is possible therefore that the high rate of de novo deletions (79%) 
mayy partly explain the higher level of intellectual functioning in this sample. 

Thee most consistent finding in children with VCFS is the discrepancy between Verbal 
andd Performance IQ [21]. This was not replicated in this study with less than half 
(48%)) of the group showing a significant discrepancy. The Canavan et al. [4] short 
formm of the WAIS-R was chosen because it emphasises the comparison of Verbal 
andd Visuospatial functioning, by selecting subtests that pertain more closely to this 
distinction.. However, the mean V-P discrepancy score on the WAIS-R was -2.95 for 
thee VCFS group, compared to the Control group mean of-5.74 suggesting that it may 
nott be unusual for people in the lower IQ ranges to obtain this type of discrepancy. 
Althoughh we did not find a significant V-P discrepancy on the WAIS-R, it is possible 
thatt the Wechsler Intelligence Scales for Children (WISC-III-UK) provided a more 
sensitivee assessment than the WAIS-R due to the comparison of the factor scores 
(Verball  Comprehension and Perceptual Organisation) as opposed to the more general 
V1QQ and P1Q [37], Furthermore, child studies highlight the similarity between profiles 
off  VCFS children and children with NVLD. This is largely based on the comparison 
off  academic profiles including reading, spelling and mathematics measures which were 
nott used in this study. 

Thee only significant finding on the WAIS-R was the poorer performance of the VCFS 
groupp on the Comprehension subtest. Previous studies have reported that children with 
VCFSS do not develop "beyond a relatively concrete level of cognitive development' 
[9]]  and this may account in part for the difficulties experienced on this test of social 
andd abstract reasoning. Furthermore, the poor performance of VCFS participants on 
thiss particular subtest also supports the reports of social deficits related to personality 
characteristicss [31]. 

Althoughh the VCFS group on the whole did not produce a significant V-P discrepancy, 
theyy were found to have significant deficits in visuoperceptual functioning (as 
measuredd by the VOSP). The Silhouettes and Object Decision subtests are designed 
too assess recognition of common objects from an unusual angle. Both subtests are 
basedd on the principle of the "Unusual Views" task designed by Warrington and Taylor 
[36].. McCarthy and Warrington [ 14] suggest that impairments in identifying degraded 
objects,, pictures or letters is a syndrome associated with the right hemisphere, which 
theyy consider a type of 'apperceptive agnosia'. The process of visual perception can 
bee divided into 3 stages comprising of; (a) visual sensory processing; (b) perceptual 
categorisationn (apperception) and (c) semantic categorisation (association) [12], The 
performancee of the VCFS group across the assessment battery and the specificity of 
theirr deficits on the VOSP suggests impairments at the second stage i.e. perceptual 
categorisation,, resulting in deficits in object perception [14]. This is most apparent 
whenn using a stimulus that has been degraded in some way. 
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Althoughh it is possible that other factors (aside from abnormalities in perceptual 
categorisation)) could account for these deficits e.g. IQ. verbal memory and visual 
neglect,, these factors have been addressed through the use of the IQ matched control 
groupp and the combination of the measures used within the test battery. Furthermore, 
althoughh there have been some reports of eye abnormalities in people with VCFS 
[12],, the specific nature of the deficits identified in this study do not suggest global 
visuall  problems. It is likely therefore that these findings indicate specific object 
perceptionn deficits. Studies investigating the contribution of the right parietal lobe 
inn object recognition concluded that the ability to recognise stimuli, particularly 
involvingg unusual views, was associated with an area in the right inferior parietal 
lobee [34]. Therefore the impaired performance of the VCFS group may be due to 
differencess in the function of the right parietal lobe. 

Itt is difficult to interpret poor performance on tests of executive functioning in 
participantss with low IQ [29] because of the level of ability required for abstract 
reasoning,, planning, problem solving, strategy formation and monitoring and 
evaluationn of performance. However, we included an IQ matched control group and 
stilll  found a significant difference in performance on the Tower of London (ToL). 
Thee VCFS group were less accurate in their problem solving ability, and spent 
significantlyy less time planning. This most likely reflects differences in prefrontal 
lobee functioning [17, 20]. These findings warrant further investigation in order to 
clarifyy whether poor performance is a result of 'premature responding' as seen in 
patientss with schizophrenia [20], 'impulsivity' as described in patients with frontal 
lobee damage [25], or alternatively planning difficulties in addition to problem solving 
deficits. . 

Initiall  studies of brain structure in adults with VCFS have reported abnormalities 
inn anatomy of the cerebellum [7, 40]. Van Amelsvoort et al. performed an MRI 
studyy comparing ten of the 17 participants from the VCFS sample used in this study 
withh an IQ matched control group. The results highlighted a number of significant 
differencess in brain anatomy including that of the cerebellum. Quantitative analysis 
showedd significantly smaller cerebellum in adults with VCFS compared to controls 
[40].. Traditionally the cerebellum has been associated with the co-ordination 
off  movement. However, there is increasing evidence to support the role of the 
cerebellumm in additional cognitive processes and abnormalities in this region have 
beenn associated with disorders such as autism and schizophrenia [13]. A cluster of 
deficitss have been identified in patients with diseases confined to the cerebellum 
[27].. These include changes and deficits in executive functioning, spatial cognition, 
personalityy and behavioural changes which could be accounted for by cerebellar 
abnormalitiess which affect neural circuits linking prefrontal, posterior parietal, 
superiorr temporal and limbic cortices. The deficits we havee found in the VCFS group 
inn visuoperceptual ability, planning and problem-solving are classically associated 
withh the parietal and frontal regions of the brain. Nevertheless, it is possible that they 
mayy also be explained by abnormalities in other brain areas such as the cerebellum 
and/orr it's connections to prefrontal and posterior parietal regions. 
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Although,, deficits specific to the VCFS group have been identified in this study, 
itt is possible that some of the findings may be are confounded by psychosis. For 
example,, people with schizophrenia have shown deficits on a wide range of 
neuropsychologicall  tests including those assessing executive functioning, memory 
andd attention [20, 25,29], Interestingly there were no differences identified between 
thee VCFS and control group on tests of memory or attention. In contrast, significant 
findingss on the Tower of London do indicate deficits in executive functioning and 
moree specifically planning and problem-solving. Larger sample numbers would 
alloww for an interesting exploration of the impact of psychosis on people with VCFS. 
Ann additional schizophrenia control group would provide an opportunity to explore 
whetherr the neuropsychological deficits identified in people with schizophrenia in 
thee general population are similar to people with a deletion on chromosome 22ql 1. 

Ann IQ matched control group was chosen to control for the effects of low intelligence 
onn the specific tests of cognitive functioning, including attention, memory and 
executivee functioning. This approach enabled the study to highlight specific areas of 
difficultyy in this group. Furthermore, genetic screening was used to rule out genetic 
abnormalitiess as the underlying cause of intellectual disability. Nevertheless, the 
controll  group may be a heterogenous sample with other factors resulting in low IQ, 
Futuree studies may benefit from comparison groups with specific types of genetically 
determinedd intellectual disabilities (e.g Downs Syndrome or Fragile X). To do this, 
groupss would have to be selected who function in thee borderline range of intellectual 
ability,, or whose impairments are mild. 

Inn summary we found that adults with VCFS, compared to IQ matched controls, 
hadd significant deficits in object perception, social and abstract thinking, problem 
solving,, and planning. It is likely that haploinsufficiency of a neurodevelopmental 
genee or genes mapping to chromosome 22qll, underlies the cognitive deficits 
observedd in individuals with VCFS. 
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