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Children and Adolescents With Velocardiofacial Syndrome:
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Objective: Velocardiofacial syndrome is a common genetic condition often accompanied
by mild cognitive impairment. Children and adolescents with velocardiofacial syndrome
also are at greater risk for developing serious neuropsychiatric disorders in adulthood, par-
ticularly schizophrenia-like disorders. The purpose of this preliminary study was to 1) elu-
cidate through brain imaging the neurobiological basis of cognitive and neuropsychiatric
problems in velocardiofacial syndrome, and 2) consider the association between variations
in neuroanatomy in velocardiofacial syndrome subjects and the associated neurobehav-
ioral phenotype. Method: Fifteen children and adolescents with velocardiofacial syndrome
were matched by age and gender with 15 comparison subjects. High-resolution magnetic
resonance imaging scans were analyzed to provide quantitative measures of specified
brain tissues and regions. Rater-blind morphometric analyses were conducted to examine
tissue volumes of the four lobes and the cerebellum. Results: Total brain volume was ap-
proximately 11% smaller in the children with velocardiofacial syndrome. Gray matter vol-
ume was reduced to a lesser extent (7.5%) than white matter volume (16.3%). Multivariate
analyses of variance indicated a distinct pattern of regional morphological variation among
the children with velocardiofacial syndrome. Specifically, frontal lobe tissue tended to be
enlarged relative to the overall reduction in brain volume. Normal symmetry of parietal lobe
tissue observed in the comparison group was not evident in the velocardiofacial syndrome
group. This loss of symmetry was attributable to a significant reduction of gray matter in the
left parietal lobe. Conclusions: Aberrant brain morphology is associated with velocardio-
facial syndrome. These changes are potentially related to the language and learning defi-
cits associated with the syndrome and may provide clues about neurodevelopmental path-
ways associated with schizophrenia. 

(Am J Psychiatry 2000; 157:409–415)

Velocardiofacial syndrome is a congenital, autoso-
mal dominant condition defined by Shprintzen et al.
(1). Its prevalence is estimated at 1 per 4,000–4,500
live births (2). In most patients, a de novo deletion at
chromosome 22q11.2 is responsible for the syndrome

(3–6). The major features of velocardiofacial syn-
drome include cardiac malformations, cleft palate or
velopharyngeal insufficiency, a characteristic facial ap-
pearance, and learning disabilities. More than 40 phys-
ical anomalies have been observed in association with
velocardiofacial syndrome (7, 8).

Although several studies have delineated the physical
phenotype associated with velocardiofacial syndrome,
few have investigated the neurobehavioral and psychi-
atric phenotype. Golding-Kushner et al. (9) described
linguistic as well as psychological and academic pro-
files of 26 patients with clinical (i.e., not confirmed by
molecular analysis) velocardiofacial syndrome. In this
retrospective study, children with velocardiofacial syn-
drome under 11 years of age had a mean IQ of 80, and
the mean IQ of preadolescents and adolescents (be-
tween 11 and 18 years of age) with this syndrome was
70. Language and behavioral problems included a lim-
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ited capacity for abstract reasoning, language delay,
paucity of affects, monotonous voice, and difficulties
in social interactions that ranged from extreme famil-
iarity to social anxiety and avoidance. More recently,
Swillen et al. (10) found that 45% of 37 children and
adolescents with velocardiofacial syndrome had men-
tal retardation (IQ<70), with verbal IQs that were sig-
nificantly superior to performance IQs. These authors
also emphasized problems with socialization (mani-
fested principally as withdrawal) as well as attention
and concentration problems.

The extant velocardiofacial syndrome literature con-
tains few specific descriptions of speech and language
aspects of the disorder. However, components of lan-
guage functioning have been evaluated (9, 11). The
most commonly reported difficulties associated with
velocardiofacial syndrome include a nasal tone and
problems with articulation (7); the origin of these ex-
pressive problems is assumed to be a cleft palate and
pharyngeal hypotonia. Other descriptions of expres-
sive speech have noted a shrill (12), weak (13), and
monotonous voice, with the capacity to vary pitch on
demand (9). Research has also reported developmental
delay in language milestones (9) and specific deficits in
language syntax, semantics, spelling, written compre-
hension, and arithmetic (7, 9).

Previous investigations have suggested that individu-
als with velocardiofacial syndrome are at risk for de-
veloping serious psychiatric illnesses. Shprintzen et al.
(14) observed that at least 10%–20% of over 100 pa-
tients with velocardiofacial syndrome developed a psy-
chiatric illness by the time they reached adulthood. In
most cases, the diagnosis was chronic paranoid schizo-
phrenia. In addition, Papolos et al. (15) and Carlson et
al. (16) reported a high rate (70%) of manifestations
within the bipolar disorder spectrum among 20 chil-
dren and adolescents (nine of whom were younger
than 13 years of age) that had reached 100% by the
time the subjects reached adulthood. In summary,
there is evidence of both cognitive and psychiatric dys-
function in persons with velocardiofacial syndrome.

Despite the observation of serious neurocognitive
and psychiatric symptoms associated with this condi-
tion, little information exists concerning the neurobiol-
ogy and brain development of subjects with velocar-
diofacial syndrome. To date there is only one published
study (17) and a few case studies (18–20) on brain
anomalies in subjects with velocardiofacial syndrome.
In a qualitative analysis of magnetic resonance imaging
(MRI) data, Mitnick et al. (17) concluded that nine of
11 study participants (mean age=9.5 years) had visible
brain abnormalities. The most common finding was a
small cerebellar vermis in five subjects. Additionally,
reduced volume of the posterior fossa was found in
four subjects, and cysts adjacent to the anterior horns
of the ventricles were found in three.

The goal of the present study was to continue re-
search into the neurobiology of velocardiofacial
syndrome by contributing more precise quantitative
information on brain development in children and ad-

olescents with this condition. On the basis of results
from previous qualitative velocardiofacial syndrome
brain imaging studies (17–20) and the abundant litera-
ture on brain imaging in schizophrenia (21), we hy-
pothesized volumetric changes in the frontal lobe, cer-
ebellum, and ventricles. Additionally, the findings of
temporal lobe abnormalities in schizophrenia (21, 22),
combined with the common reporting of language
problems in subjects with velocardiofacial syndrome
(9, 23), pointed to the temporal lobe as a potential re-
gion of interest. The present study reports the first vol-
umetric and morphometric segmentation study of the
brain of subjects with velocardiofacial syndrome.

METHOD

Subjects

The study group consisted of 15 children and adolescents with ve-
locardiofacial syndrome (five girls and 10 boys, mean age=10.5
years, SD=3.1) and 15 comparison subjects (mean age=10.8 years,
SD=2.7). After providing a complete description of the study to the
children with velocardiofacial syndrome and their parents, written
informed consent was obtained under protocols approved by the in-
stitutional review board of Stanford University. Only subjects with
proven velocardiofacial syndrome (determined by means of the fluo-
rescent in situ hybridization technique to have a deletion at chromo-
some 22q11.2) were included in the study. Children presenting the
velocardiofacial syndrome clinical phenotype without this deletion
were excluded to increase diagnostic certainty. Recruitment was per-
formed through the Northern California VCFS Support Network
and by advertising on our web site. Imaging data for the normal
comparison group were drawn from an archive of over 150 normal
comparison subjects available in our laboratory. Normal compari-
son subjects were individually matched for age and gender and had
a minimum IQ of 85 (one standard deviation below the mean).

MRI Protocol

Magnetic resonance images of each subject’s brain were acquired
with a Signa 1.5-T scanner (GE Medical Systems, Milwaukee).
Coronal images were acquired with a three-dimensional volumetric
radio frequency spoiled gradient echo with the following scan pa-
rameters: TR=35 msec, TE=6 msec, flip angle=45°, number of exci-
tations=1, image matrix=256 × 192 pixels, field of view=24 cm, slice
thickness=1.5 mm, 124 slices.

Image Processing and Measurement

The spoiled gradient echo image data were imported into the pro-
gram BrainImage for semiautomated image processing analysis and
quantification as described and validated elsewhere (24–26). Data
from this image processing pipeline are in the form of gray matter,
white matter, and CSF volumes for the following structures: cerebral
lobes, a subcortical region including the striatum and thalamus, the
cerebellum, and the lateral ventricles.

To specify regional differences, the brain was divided into lobes
with a semiautomated stereotactic-based parcellation method (25,
27, 28). Raters who conducted morphometric analyses were blinded
to the group membership of subjects.

Statistical Analyses

Data were first examined for normality to conform to the assump-
tions of the parametric statistics employed. Multiple analysis of co-
variance (MANCOVA) was used to determine if the velocardiofacial
syndrome subjects and the comparison group had unique patterns of
tissue volume and composition. Analyses of total brain tissue, total
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gray matter, and total white matter were performed with one-way
analyses of variance (ANOVAs), with diagnosis (velocardiofacial
syndrome versus no condition) as a between-subject factor. Investi-
gation of brain asymmetry used repeated measures ANOVA, which
took diagnostic category as a between-subject factor and side (left
versus right) as a within-subject factor. The interaction effect (group
by side) was then used to determine group differences in asymmetry.
Analysis of covariance (ANCOVA) was used for subregion compar-
isons to more accurately quantify group differences after statistically
adjusting for the effect of total brain or tissue compartment volumes.
A p value of 0.05 (two-tailed) was chosen as the significance thresh-
old. The distributions of ventricular volume violated the homogene-
ity of variance assumption; therefore, nonparametric statistics were
used to examine group differences for this variable. A ventricle-to-
brain-volume ratio was computed to account for differences in total
brain volume.

RESULTS

Group Differences in Tissue Volumes

As shown in table 1 and consistent with previous
studies, the total brain tissue volume was approxi-
mately 11% smaller in the children with velocardiofa-
cial syndrome than in the comparison subjects. Re-
duced tissue volume was comparable for the left and
right hemispheres when analyzed separately.

To investigate the hypothesis that brain development
in subjects with velocardiofacial syndrome differs from
that observed in comparison subjects, a MANCOVA
was computed with group as a main effect (velocardio-
facial syndrome versus no condition) and total brain
volume entered as a covariate in order to statistically
control for differences in overall brain size. Dependent
variables consisted of the combined left and right vol-
umes for each of the four lobes of the brain (i.e., pari-
etal, occipital, temporal, and frontal) as well as the
cerebellum. The Wilks’s lambda of 0.51 (F=4.3, df=5,

23, p<0.01) indicated a unique pattern of cerebral
morphological variation that distinguished the chil-
dren with velocardiofacial syndrome from the compar-
ison subjects.

Follow-up ANOVAs were performed to specify the
regional differences. After adjustment for differences
in total tissue volume, results indicated that frontal
lobe tissue volume was relatively conserved in the chil-
dren with velocardiofacial syndrome (figure 1). Analy-
sis of least squares means indicated that the velocar-
diofacial syndrome group had proportionately larger
frontal lobe volumes (403 cm3, SD=15.7) than the
comparison group (378 cm3, SD=15.7). Group differ-
ences in parietal lobe volume (left plus right) were
nonsignificant (F=3.7, df=1, 27, p=0.07). No group
differences were detected when comparing volumes of
temporal and occipital lobe tissue. In summary, our
initial neuroimaging findings support the hypothesis of
neuromorphological variation in brain development
of children and adolescents with velocardiofacial
syndrome.

Symmetry of Tissue Volume

No group differences in symmetry were observed for
hemispheric, frontal lobe, temporal lobe, occipital
lobe, or cerebellar volumes. However, differences in
symmetry were detected in the parietal lobe (F=5.5,
df=1, 28, p=0.02), with velocardiofacial syndrome
subjects showing a right-greater-than-left asymmetry
that was not present in the comparison subjects
(table 1). Thus, it appeared that abnormal parietal tis-
sue asymmetry in the velocardiofacial syndrome group
was due to greater volume reduction in the left parietal
lobe. This hypothesis also was supported by ANCOVA
(with total brain tissue as a covariate) that showed dis-

TABLE 1. Cerebral Tissue Volumesa of Children With and Without Velocardiofacial Syndrome

Brain Area

Tissue Volume (cm3)

Children With Velocardiofacial 
Syndrome (N=15)

Comparison Subjects 
(N=15) Analysisb

Mean SD Mean SD F p

Total brain 1154.8 144.0 1293.6 114.3 8.6c <0.01
Right hemisphere 581.5 70.1 649.7 57.5 8.5c <0.01
Left hemisphere 573.2 74.1 643.9 57.3 8.5c <0.01

Frontal lobe 377.6d 53.5 403.4 45.3 16.7 <0.001
Right 191.1d 26.1 205.4 23.2 9.8 <0.005
Left 186.5d 27.9 198.0 23.0 15.0 <0.001

Parietal lobe 245.8 27.3 284.3 30.9 3.7 n.s.
Right 124.4 13.7 142.0 15.9 1.4 n.s.
Left 121.3e 13.9 142.3 15.1 6.2 <0.05

Temporal lobe 187.4 26.1 209.3 21.7 0.8 n.s.
Right 94.7 13.1 104.8 11.1
Left 92.7 13.3 104.5 11.0

Occipital lobe 115.2 17.2 130.9 13.9 0.3 n.s
Right 57.5 8.6 64.5 6.8
Left 57.6 9.2 66.4 7.5

Cerebellum 115.3 17.7 136.2 18.4 3.1 n.s.
Right 57.2e 8.2 68.0 8.5 4.4 <0.05
Left 58.1 9.7 68.2 10.2 2.0 n.s.

a Gray matter plus white matter.
b ANCOVA with total brain volume as covariate (df=1, 27).
c ANOVA (df=1, 28).

d Significantly higher tissue volume after adjustment for total brain volume.
e Significantly lower tissue volume after adjustment for total brain volume.
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proportionate reduction in parietal lobe tissue volume
in the left parietal lobe (F=6.2, df=1, 27, p=0.02) but
not in the right (F=1.4, df=1, 27, p=0.25) in the chil-
dren with velocardiofacial syndrome.

Group Differences in Tissue Composition

On the basis of our initial findings, further segmen-
tation of gray matter, white matter, and CSF was con-
ducted to explore group differences in total brain vol-
umes and in two regions of interest: the frontal and
parietal lobes. The 7.5% reduction of total gray matter
volume in the brain (F=4.4, df=1, 28, p<0.05,
ANOVA) was less than the 16.3% reduction seen in
white matter volume (F=12.4, df=1, 28, p<0.005). The
gross level of gray tissue volume in the frontal lobe was
smaller in the children with velocardiofacial syndrome
than in the comparison subjects. However, ANCOVA
results indicated enlarged gray matter volume in this
region relative to the general reduction in brain gray
matter volume that occurred in individuals with velo-
cardiofacial syndrome (F=4.5, df=1, 27, p<0.05). No
differences were detected between groups for total pa-
rietal lobe (right plus left) gray matter composition.

After covarying for total cerebral white matter, chil-
dren with velocardiofacial syndrome had proportion-
ally larger frontal lobe white matter volumes than did
the comparison subjects (F=16.7, df=1, 27, p<0.01).

No group differences were detected in volumes of
white matter tissue in the parietal lobe (F=1.9, df=1,
27, p=0.18, ANCOVA).

Symmetry in Tissue Composition

Repeated measures ANOVA tested group differences
in symmetry for gray and white matter regions. Com-
pared to the healthy subjects, children with velocardio-
facial syndrome showed a rightward predominance of
parietal lobe gray matter (F=4.4, df=1, 28, p=0.04)
that was due to a disproportionate reduction in left pa-
rietal gray matter (F=7.0, df=1, 27, p=0.01, AN-
COVA), and a leftward predominance in cerebellar
white matter (F=4.9, df=1, 28, p=0.03) that was due to
a relative decrease in right cerebellar white matter (F=
4.2, df=1, 27, p=0.05).

Ventricular Volume

Because alterations in ventricular fluid volumes are
the most common finding in imaging studies on schizo-
phrenia (21), we analyzed group differences for this
measure. The distributions violated the assumptions of
normality and homogeneity of variance; therefore, a
nonparametric test (Mann-Whitney U) was employed.
A ventricle-to-brain-volume ratio was computed to ac-
count for differences in total brain volume. The results
indicated a significant difference between the diagnos-
tic categories (U=33, p=0.001, N=15 in each group),
with greater ventricle-to-brain-volume ratios present
in the children with velocardiofacial syndrome.

DISCUSSION

This preliminary study is the first to report regional
brain volumes and tissue compositions for a cohort of
children and adolescents with a diagnosis of velocar-
diofacial syndrome confirmed by chromosomal dele-
tion at 22q11.2. Our findings indicate that subjects
with velocardiofacial syndrome experience 1) a de-
crease in overall brain volume due to diminution in
volumes of both cerebral gray and white matter; 2) a
relative enlargement of the frontal lobe after adjust-
ment for total brain volume, 3) a decrease in tissue vol-
ume in the left parietal lobe primarily attributable to
disproportionate reduction of gray matter in this re-
gion, and 4) a decrease in right cerebellar tissue volume
due to a disproportionate reduction in white matter for
this area.

Consistent with our finding of overall brain volume
differences, previous clinical studies have reported a
higher rate of microcephaly (40%) in individuals with
velocardiofacial syndrome (7). It is of interest that
frontal lobe brain volume was enlarged in subjects
with velocardiofacial syndrome. Reiss et al. (29)
showed that IQ is positively correlated with total cere-
bral volume in children and, in particular, with the vol-
ume of cortical gray matter in the prefrontal region of
the brain. This might explain why, despite a signifi-

FIGURE 1. Residual Frontal Lobe Volumesa of 15 Children
With and Without Velocardiofacial Syndrome

a Frontal lobe volume after adjustment for total brain volume.
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cantly lower overall brain volume (11% lower than
comparison subjects), the majority of children and ad-
olescents with velocardiofacial syndrome have border-
line IQ rather than the mental retardation (10) ob-
served in other disorders associated with microcephaly,
e.g., Rett (30, 31) or Williams (32) syndromes.

In contrast to our findings, previous qualitative MRI
examinations have not implicated parietal lobe abnor-
malities in the sensorimotor or cognitive deficits ob-
served in individuals with velocardiofacial syndrome.
However, neurocognitive assessments of individuals
with this genetic condition have reported learning and
language difficulties, as well as lower performance in
abstract reasoning tasks such as arithmetic and mathe-
matics (7, 9, 10, 33). Thus, at least part of the cogni-
tive phenotype associated with velocardiofacial syn-
drome would appear to be consistent with parietal
lobe dysfunction. The crucial role of the parietal lobe
in memory has been demonstrated in functional imag-
ing studies (34). An increase in activity has been ob-
served in the parietal lobe region during episodic mem-
ory retrieval (35), working memory tasks, implicit or
explicit recognition memory (36), and long-term mem-
ory consolidation (37). Consequently, parietal lobe ab-
erration may damage information storage and retrieval
and may contribute to learning difficulties. Specific
deficits in language could also be partially explained
by alteration in parietal lobe function. Structurally, le-
sions of the inferior parietal lobe are the most common
site that produces conduction aphasia (38). Also, func-
tional imaging studies have demonstrated the involve-
ment of this region of the brain during semantic pro-
cessing of words (39, 40). However, the temporal lobe,
also implicated in speech and language processes
through functional MRI studies (41), did not show sig-
nificant volumetric alteration in the present group of
subjects with velocardiofacial syndrome.

Besides advancing knowledge of velocardiofacial
syndrome, research on this condition may contribute to
a better understanding of schizophrenia and related dis-
orders in the general population. Shprintzen (14) and
other authors (5, 7) have reported a higher risk of de-
veloping schizophrenia in patients with velocardiofa-
cial syndrome. Karayiorgou et al. (42) even suggested
that the velocardiofacial syndrome deletion on chromo-
some 22q11.2 could be encompassing one of the genes
responsible for schizophrenia and could be an unrecog-
nized cause. Further, a recent clinical study of 10 velo-
cardiofacial syndrome patients with psychosis (43) de-
scribed nine out of 10 patients with schizophrenia and
one with schizoaffective disorder. Their disorders were
severe and associated with behavioral features such as
impulsivity, unpredictability, temper outbursts, and
physical aggression. The mean age at onset of psychosis
in the Bassett et al. study (43) was 19.6 years (SD=4.6),
which is younger than that usually reported for schizo-
phrenia. Earlier onset is predictive of more severe ill-
ness, is associated with higher genetic risk and cognitive
deficits (44, 45), and is more likely to be accompanied
by changes in brain structure (46).

Given the overlap in clinical psychiatric features, it is
interesting to analyze the similarities between the
present imaging findings with velocardiofacial syn-
drome and earlier reports on the structural changes in
the brains of individuals with schizophrenia (21). Pre-
vious studies on schizophrenia have reported decrease
in overall brain size (27, 47), especially in early-onset
schizophrenia (46). Jacobsen et al. (46) hypothesized
that “this might reflect a more severe genetic and/or
environmental neurodevelopmental insult, leading to
earlier onset.” Frontal lobe abnormalities have been
observed in persons with schizophrenia and usually in-
volve a slight reduction in this structure (22). Our ve-
locardiofacial syndrome subjects also showed frontal
lobe alteration. However, the changes were in a coun-
terintuitive direction, since we found that this region
was actually enlarged.

While only a few studies have evaluated parietal lobe
morphology in schizophrenia, they have indicated a
volume reduction in this region (48, 49). Pearlson et al.
(50) observed that the functions impaired in schizo-
phrenic patients (e.g., language, working memory, oc-
ulomotor pursuit eye movements, focusing, and execu-
tion of attention) may be mediated by parietal lobe
regions. Moreover, the most common imaging finding
among schizophrenic patients is enlarged ventricles
(21). Similarly, we report a significant increase in the
ratio of ventricular CSF to brain volume in subjects
with velocardiofacial syndrome. We hypothesize that
this finding is most likely due to the loss of brain tissue,
especially white matter, during brain development in
individuals with velocardiofacial syndrome. Because of
the conjunction of reported language disabilities in ve-
locardiofacial syndrome and descriptions of temporal
lobe reduction in schizophrenia, this structure was
considered to be an a priori candidate for morpholog-
ical alterations that may underlie the neurobehavioral
phenotype associated with the deletion at chromosome
22q11.2. However, temporal lobe volume was not sig-
nificantly altered in our velocardiofacial syndrome
subjects. It is also possible that temporal lobe function
may still be affected in this condition in the absence of
structural abnormalities. Advances in the methodology
of functional brain imaging will facilitate our under-
standing of how specific morphological changes, such
as enlarged frontal and reduced parietal lobes, influ-
ence functional connectivity and cerebral activation in
subjects with velocardiofacial syndrome.

In summary, this brain imaging study adds incre-
mental knowledge and specificity to our understanding
of specific neurodevelopmental variations that are
likely to be observed in children and adolescents with
velocardiofacial syndrome. The overall brain tissue re-
duction and the more specific loss of parietal gray mat-
ter may be associated with a component of the neu-
robehavioral phenotype observed in patients with
velocardiofacial syndrome. Limitations of the current
study include a small study group size and multiple sta-
tistical comparisons, thereby incurring the risk of an
inflated type 1 error rate. Further studies with larger
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study groups should 1) subdivide the parietal lobe to
examine whether particular subregions account for the
observed morphological variation; 2) investigate the
structure and function of the hippocampus, given its
known connections with the parietal lobe and its role
in memory and learning; and 3) analyze the structure
of white matter tracks, since this tissue is the most af-
fected by the deletion at chromosome 22q11.2.

Finally, longitudinal imaging studies of brain struc-
ture and function in individuals with velocardiofacial
syndrome may provide an important model for under-
standing the neurobiology and neurodevelopmental
course of schizophrenia. Ideally, functional imaging
studies in the velocardiofacial syndrome population at
high risk for developing schizophrenia will reveal acti-
vation patterns predictive of future disorder.
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