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features and the De Vries Score
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Objective.  Studies have confirmed that copy number variations 
(CNV) in the human genome contribute to the etiology of mental 
retardation/ development delay/ congenital anomalies. We sought 
to evaluate the use of a microarray in the context of a clinical genet-
ics practice, to determine if there were any specific clinical findings 
that predict the discovery of a CNV. Patients and methods. 334 cases 
with idiopathic mental retardation/impairment/development delay/
disability or a combination of these findings were studied using array 
comparative genomic hybridization (Signature Chip Version 4). The 
subjects had previously had a non diagnostic medical genetics evalu-
ation. Clinical findings were collated by a chart review. Each patient 
was scored according to a previously published clinical checklist by de 
Vries and colleagues. Results. Of 334 patients, 8 were excluded due to 
a syndromic diagnosis being established by clinical and/or microarray 
testing. Out of the remaining 326 patients, 33 (10%) showed CNVs, 
of which 5 were maternally inherited, 4 paternally inherited, 11 were 
de novo, and the origin of 13 remained unknown.  The mean de Vries 
score was greater in the CNV group than in the non CNV group (4.17 
and 3.95, respectively). No patient in the CNV group had a score of 
less than 3, while in the non CNV group, 12% of patients had scores 
less than 3. Conclusions. The De Vries clinical score was higher in 
CNV cases compared to those with no CNV (p=0.04) but this differ-
ence is unlikely to be clinically meaningful. Several features reached 
statistical significance of p<0.05 but we were unable to delineate pat-
terns of features that might increase the yield of positive CNV results.

Key words: Copy number variation, Developmental delay, Dysmor-
phism, Birth defects, Prenatal.

Clinical science

Introduction

Mental retardation/subnormality/impairment/disability/ 
or developmental delay, with or without other clinical 
findings, comprises a substantial portion of patients re-
ferred to medical geneticists for diagnosis. Around 2% of 
the human population has mental retardation, defined by 
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the World Health Organization as a “global 
and noticeable deficiency in the develop-
ment of motor, cognitive, social, and lan-
guage functions”. The most recent version 
of the Diagnostic and Statistical Manual of 
Mental Disorders cites the criteria for di-
agnosing mental retardation (MR; more 
commonly now called mental deficiency or 
mental subnormality) as:

1) Significantly sub-average intellectual 
functioning: An IQ of approximately 70 or be-
low on an individually administered IQ test. 
For infants, a clinical judgment for significant-
ly sub-average intellectual functioning, and

2) Concurrent deficits or impairments of 
onset prior to age 18 years in adaptive func-
tioning in at least two of the following areas: 
communication, self-care and home living, 
social skills, use of community resources, 
self-direction, functional academic skills, 
work, leisure, health issues, and safety. If on-
set is after age 18 years, then the diagnosis is 
dementia (1). 

The cause of mental subnormality is 
identified in only 40-60% of affected in-
dividuals, and a very specific syndrome or 
genetic diagnosis is found in a few as 20% 
(2, 3). Recent advances in molecular cyto-
genetics have increased the diagnostic yield. 
Historically, traditional karyotyping identi-
fied chromosomal aneuploidy in around 14 
percent of all cases of severe mental sub-
normality, with Down syndrome account-
ing for the majority (4). The ability to detect 
smaller and smaller copy number variations 
by use of molecular karyotyping, also called 
array comparative genomic hybridization 
(aCGH), has reduced the number of indi-
viduals who lack a diagnosis. A review of 13 
studies that used bacterial artificial chromo-
some (BAC) arrays showed abnormalities of 
copy number in 4-17% of affected individu-
als who had apparently normal karyotypes 
(5). A meta-analysis of 19 studies, most us-
ing densely spaced oligonucleotide arrays, 
had a diagnostic yield of 10% for convinc-

ing abnormalities, but also a 7% chance of 
a “false positive”, defined as chromosomal 
variants that were judged to be non causal or 
were of unknown significance. These facts 
lead to two important conclusions. First, 
molecular karyotyping can meaningfully 
increase the diagnostic yield in individuals 
with mental subnormality. Second, there is a 
need for methods to better select candidates 
for testing as 90% of those tested have non 
diagnostic results.

De Vries et al. studied 29 subjects with 
documented subtelomeric deletions and 
then developed criteria in the form of a sim-
ple check list to describe the pre- and post-
natal clinical features that might correlate 
with abnormal karyotyping (6). The check-
list included data on birth history, craniofa-
cial and non facial dysmorphism, congenital 
malformations and family history. The few 
studies that have looked at frequencies of 
CNVs have reported this level of clinical de-
tail about their series, likely because of the 
lack of availability of this detail. 

The aim of the current study was to de-
termine if there were any specific features or 
combination of clinical findings in our clini-
cal medical genetics practice that was signifi-
cantly associated with the discovery of CNV 
using a clinically available microarray study. 

Patients and methods

This cross-sectional study included the first 
334 individuals on whom aCGH was per-
formed in the context of the medical genet-
ics practice at Mayo Clinic, Rochester, Min-
nesota between 2004 and 2007. All of the 
individuals had different combinations of 
cognitive impairment, mental subnormality, 
development delays, seizures, autism, con-
genital abnormalities, dysmorphic features, 
in whom no diagnosis had been achieved 
prior to their referral to our department. 
Proper consent had been attained for chart 
review for research purposes. All patients 
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were evaluated by one of the five clinical 
geneticists in the Department of Medical 
Genetics and all had a normal G-banded 
karyotypes of peripheral blood lympho-
cytes. Each patient was scored according to 
the proposed criteria of de Vries et al., shown 
in Table 1 (6). Only patients for whom there 
was no permission to review their medical 
record were excluded from this study. No 
other patients were excluded, although some 
had some data elements missing, hence the 
changing denominator for some data ele-
ments shown in on-line supplements. 

Array CGH was performed on blood 
from each patient using Signature Chip 
Version 4 (Signature Genomics Laboratory 
in Spokane, Washington), which included 
622 loci using 1887 BAC clones, to look for 
subtelomeric or pericentromeric interstitial 
rearrangements, or alterations in known de-
letion areas. Once the results for the patients 
were obtained, the parents of the patients 
with CNVs were also invited to be tested to 
determine if the alteration seen was de novo 
or familial. Out of 33 patients with CNVs, 
both parents were tested in 20 cases, and in 
13, either 1 or neither parents was tested.

A detailed chart review was conducted 
and more than 200 features were abstracted 
from each chart regarding maternal health, 
prenatal, perinatal, and postnatal events, 
growth, developmental achievements (in-

cluding motor, language, speech, psycho-
social, cognitive), functional abnormalities, 
behavioral disorders, autism, attention defi-
cit hyperactivity disorder, congenital anoma-
lies, dysmorphic features, and a detailed family 
history. All findings were considered of poten-
tial importance and were recorded. In addi-
tion, each patient was scored strictly accord-
ing to de Vries Criteria (Table 1) in which each 
category was given a maximum of 2 points and 
maximum final score was 10 points.

A detailed family history included known 
major or minor congenital anomalies, a 
syndrome diagnosis in a relative, includ-
ing those caused by chromosomal disorder, 
history of recurrent miscarriages (two or 
more in any relative including the mother), 
diagnosis of chromosomal anomaly in a fe-
tus or child, mental retardation or cognitive 
impairment in relative, and Sudden Infant 
Death Syndrome. 

Prenatal events included low maternal 
weight gain during pregnancy (less than 5 
pounds), a diagnosis of intrauterine growth 
restriction (birth weight less than third per-
centile for gestational age), decreased fetal 
movements compared to previous pregnan-
cies, and abnormal prenatal ultrasound re-
sults. Perinatal data included birth weight, 
length and head circumference, placental or 
cord anomalies, immediate newborn prob-
lems including respiratory problems, hypo-

Promilla Perattur et al.: Correlation of a CGH with features and the De Vries score

Table 1 Checklist for patients, adapted from de Vries et al. (6) A maximum score of 10 points can be achieved. 
No more than 2 points can be achieved in categories A-E

Finding Points Scored

A. Family history of mental retardation
Compatible with Mendelian inheritance 1
Incompatible with Mendelian inheritance, including discordant phenotypes within one family 2

B. Growth retardation of prenatal onset 2

C. Growth abnormalities of postnatal onset: 1 point each for microcephaly or macrocephaly or short 
stature or tall stature 2

D. Two or more facial dysmorphic features, notably hypertelorism, anomalies of the nose or ears 2

E. Non-facial dysmorphism and congenital abnormalities: maximum of 2 points for hand anomaly (1 
point), heart anomaly (1 point), hypospadias+/- undescended testis (1 point) 2
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glycemia, seizures, hypotonia, and hyper-
bilirubinemia.

Post natal growth and development 
parameters included most recent height, 
weight and head circumference, and at-
tainment of developmental milestones with 
regard to motor, speech, language, commu-
nication, and cognitive development. Short 
stature was defined as less than third per-
centile for age and tall stature as greater than 
97th percentile for age. The same percentiles 
were used to define micro- and macroceph-
aly. “Later onset” (defined as onset older 
than 5 months) seizures, hypotonia, or au-
tism spectrum disorders diagnoses were 
noted. Functional abnormalities of vision 
and hearing were noted.

Chart abstraction for dysmorphism in-
cluded abnormal head size, shape, fonta-
nelles, dysmorphic aspects of the forehead 
(sloping, prominent brow, high or low hair-
line), unusual formation of the eyebrows 
(sparse, busy, synophrys), facial asymme-
try and midfacial abnormalities; abnormal 
shape, size or orientation of palpebral fis-
sures; strabismus; epicanthic folds, hyper- 
or hypotelorism, abnormalities of the eyes 
(aniridia, enophthalmos, abnormalities of 
the nasolacrimal duct, cornea, retina, optic 
nerve), abnormal morphology of the ears 
including pits, tags, or creases; dysmor-
phism of the nose, lips, philtrum, and ab-
normalities the mandible, tongue, palate, 
and dentition.

Non craniofacial abnormalities recorded 
included defects of the palate, heart, central 
nervous system (e.g., abnormal MRI), chest 
wall, nipples, abdominal wall or viscera, 
internal and external genitalia, spine, long 
bones and joints, hands, feet, skin and hair.

For the purposes of analysis, all studied 
individuals were assigned either to the group 
with no CNV or to the group with CNV. In-
dividual features and bundled features were 
compared between these two groups and 
p-values were calculated. A threshold of 
p<0.01 calculated using Chi square analysis 
was considered significant, though we also 
noted those <0.05 with interest. 

Results

Out of the total 334 individuals evaluated, 
10% (n=33) had a copy number variation 
(CNV; details in Supplement 1; note that 
one individual had two CNVs) that was not 
known to cause a defined syndrome. Eight 
of the original 334 patients had a syndromic 
diagnosis made, sometimes clinically, some-
times with CGH array assistance (e.g., ve-
locardiofacial 22q deletion). These were ex-
cluded from our analysis, so the final dataset 
included a total of 326 cases of which 293 
showed no CNV. Table 2 compares general 
characteristics between these groups. Of the 
33 cases with CNVs, 5 were shown to be ma-
ternally inherited, 4 were paternally inher-

Table 2 Description of the individuals included in this study

Characteristics CNV found (n=33) No CNV detected (n=293)

Average age of males (range) 10.7 years (0.8-47) 6.9 years (0.2-37)

Average age of females 8.1 (0.5-33) 7.1 (0.1-43)

Average paternal age in years 30.5 (available on 24) 31.4 (available on 192)

Average maternal age in years 27.4 (available on 30) 28.4 (available on 244)

Average parity of mother at time of pregnancy 
with proband 1.14 (38% were primigravid) 1.2 (36% were primigravid)

Mean number of miscarriages 0.93 (available information on 29) 0.62 (available information on 199)

CNV=chromosome copy number variation
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ited, 11 were de novo, and the origin could 
not be determined in 13 as biparental testing 
could not be accomplished. All CNVs were 
included in our analyses, regardless of ori-
gin, as inherited CNVs may be pathogenic 
(7, 8) (See Supplement 1 for details).

For all cases, we attempted to generate 
a score using the criteria of de Vries (Table 
1). Due to missing data, especially regarding 

pregnancy, postnatal growth or family his-
tory, not all cases could be scored. We were 
able to provide a de Vries score for 29 pa-
tients with CNVs, and 231 patients without 
CNVs. A comparison of the two groups is 
shown in Figure 1. 

In our study no patients in the CNV 
group had scores lower than 3, while in the 
CNV negative group, 28 out of 231 patients 

Figure 1 Overall comparison of individuals with CNV detected and those with no detectable CNV using the De 
Vries scoring system shown in Table 1

Table 3 Analysis of different combinations of scoring in the de Vries table (see Table 1) for cases with sufficient 
information available to use the de Vries system. P values were all greater than 0.05

Combinations of scoring in de Vries system

CNV 
Detected (n=29)

No CNV 
Detected (n=231)

n % n %

Prenatal growth retardation   

Prenatal growth retardation with 1 or more features 4 14 16 7

Prenatal growth retardation with 2 or more features 3 10 15 6

Postnatal growth abnormality 

Postnatal growth abnormalities with 1 or more features 16 55 101 44

Postnatal growth abnormalities with 2 or more features 4 14 45 20

Family history positive 

Family history with 1 or more features 19 66 138 60

Family history with 2 or more features 7 24 37 16

Facial dysmorphism 

Facial dysmorphism with 1 or more features 24 83 205 89

Facial dysmorphism with 2 or more features 20 69 186 81

Nonfacial dysmorphism 

Nonfacial dysmorphism with 1 or more features 28 97 198 86

Nonfacial dysmorphism with 2 or more features 23 79 165 71

CNV = copy number variation

Promilla Perattur et al.: Correlation of a CGH with features and the De Vries score
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(12%) had scores of 2 or lower. The average 
de Vries score in the CNV group was 4.17 
and in the CNV negative group was 3.95 
(p=0.04). In Table 3, different combina-
tions of findings were compared between 
the CNV and non CNV groups but none 
seemed to select for CNV cases efficiently.

The presence or absence of over 200 spe-
cific individual findings beyond the deVries 
criteria were also evaluated and compared 
between individuals with CNVs and those 
with no CNV. A statistically significant dif-
ference was seen at the p<0.05 level (but no 
p values were less than 0.01) in the frequen-
cy of specific features was noted between the 
CNV-positive and the CNV-negative groups 
in 3 categories (full details in Supplements 
2-6):

1) Developmental delay within first 5 
months in the CNV group was reported 
in 21% and in the non CNV group in 6% 
(p=0.020) and

2) Congenital hypotonia was observed in 
28% of CNV cases while only in 12% of non 
CNV cases (p= 0.0496). 

3) Macrocephaly, excluding relative mac-
rocephaly, was present in 17% of CNV cases 
versus 5% in non-CNV cases (p=0.026).

Trends favoring a higher frequency in 
those with CNVs were observed for intra-
uterine growth retardation (p=0.051), two or 
more miscarriages in the mother (p=0.076), 
and a history of decreased fetal movements 
as felt by the mother in this pregnancy as 
compared to previous ones (p=0.067).

Discussion

In this study we sought to determine if 
there were any specific clinical features that 
individually or in combination would pro-
vide increased yield of CNVs when study-
ing individuals with aCGH. Three hundred 
and thirty four chromosomally normal in-
dividuals having diagnostic evaluations in 
the Department of Medical Genetics for 

developmental delay, with or without other 
anomalies, were included in this retrospec-
tive chart review. The major strength and 
novelty of this study was access to very de-
tailed and quite complete clinical informa-
tion, allowing comparison between those 
with CNVs to those with no findings. We 
also applied the checklist proposed by de 
Vries to this cohort to determine its util-
ity (6). Our results showed trends toward 
higher scores using the de Vries check list, 
and several individual features were identi-
fied that may merit further clinical studies of 
this type. Overall, however, no finding was 
found at a frequency that was sufficiently 
different between the CNV group and the 
group without CNVs to inform changes in 
current clinical practice.

This finding is not surprising and several 
explanations likely contribute to this find-
ing. The first generation clinical microarray 
was targeted toward areas of known clini-
cal significance and the coverage in other 
parts of the genome was poor. The newer 
oligoarray studies yield modestly increased 
numbers of CNVs in similar populations. 
Undoubtedly there could be individuals in 
our study that had CNVs not detected on 
this first generation microarray (5, 9-12). 
Secondly, there may not be a phenotype re-
sulting from CNVs that is so characteristic 
as to distinguish it from non genetic causes 
of mental subnormality, with or without 
birth defects. Also, single gene disorders can 
cause mental subnormality, dysmorphism 
and birth defects, and none of these will be 
detected by any type of CGH array.

In our analyses, we chose to include all 
CNVs regardless of whether they were fa-
milial or de novo, rejecting the assertion that 
a familial CNV will be non causal. We have 
observed a number of families in which the 
carrier parent was functioning adequately 
but appeared to share phenotypic features 
with the proband. In addition, further ge-
netic change in the size of a familial CNV 
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across meiosis has also been reported (7, 8). 
As some familial CNVs may truly be with-
out consequences, we may have diluted our 
“affected” group by making this choice. 

Conclusion

De Vries clinical score was higher in CNV 
cases compared to those with no CNV 
(p=0.04) but this difference is unlikely to 
be clinically meaningful. Several individual 
features reached statistical significance at 
the p<0.05 threshold but we were unable 
to delineate patterns of features that might 
increase the yield of positive CNV results. 
What we can do as clinicians to increase 
our ability to increase the diagnostic yield 
of tests we order? Can we make a more in-
formed selection of candidates for microar-
ray testing? It will be of interest to see this 
type of clinical correlative analysis repeated 
on the newer platforms used for molecular 
karyotyping. Only by detailed reflection on 
our outcomes will we know if we could be 
practicing in a more efficient manner. 
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Origin of CNV Deletion BAC clones Duplication BAC clones

De novo 19p13.3 3 – –

De novo 22q13.33 1 – –

De novo 1q44 23 – –

De novo 20q11.23 3 – –

De novo 5q35.2 ~3 MB – –

De novo 1q41q42.12 9 – –

De novo 13q34 26 18q23 2

Mat 6p21.1 2 – –

Mat 11p15.4 3 – –

pat 11p12 1 – –

pat 6p25.1 3 – –

Unknown 2q13 1 – –

Unknown 17p13.2 2 – –

Unknown 6q16.3 9 – –

Unknown 6q27 3 – –

Unknown 2q13 1 – –

Unknown 6q27 14 – –

Unknown 2q13 1 – –

De novo – – 1q44 24

De novo – – 2p25.3 RP11-1N7 → RP11-97B21

De novo – – 11p12p11.12 25

De novo – – 18q23 2

Mat – – 17p13.3 2

Mat – – Xp22.31 3

Mat – – 7q11.23 CTD--2069P19 → RP11-97B21

pat – – Yp11.32 3

pat – – 8q24.3 2

Unknown – – 10p15.3 3

Unknown – – 15q26.3 3

Unknown – – 1p36.3 Duplication of 3 BAC and 
triplication of 3 BAC

Unknown – – 20p12.2 3

Unknown – – 11p13 RP11-293B1, RP11-26B16
RP11-133E13

Unknown – – 7q11.23 6

Unknown – – 8p23.3 RP11-388B22

Supplement 1 Summary of the CVNs included in this study
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Supplement 2 Comparisons of specific features for the history between 33 individuals with CNV detected and 
293 with no CNV detected. CNV=copy number variation

Supplement 3 Comparisons of additional historical features between 33 individuals with CNV detected and 
293 with no CNV detected. Using a p value of less than 0.01, none were statistically significantly different. 
CNV=copy number variation

Supplement 4 Comparison of craniofacial features between 33 individuals with CNV detected and 293 with 
no CNV detected. Using a p value of less than 0.01, none were statistically significantly different. CNV=copy 
number variation

Promilla Perattur et al.: Correlation of a CGH with features and the De Vries score
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Supplement 5 Comparison of noncraniofacial features between 33 individuals with CNV detected and 293 
with no CNV detected. CNV=copy number variation. Using a p value of less than 0.01, none were statistically 
significantly different.

Supplement 6 Comparison of different combinations of findings between the CNV and non CNV groups. 
Using a p value of less than 0.01, none were statistically significantly different.




