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Abstract—Objective: To make evidence-based recommendations concerning the evaluation of the child with a nonprogressive global developmental delay. Methods: Relevant literature was reviewed, abstracted, and classified. Recommendations
were based on a four-tiered scheme of evidence classification. Results: Global developmental delay is common and affects
1% to 3% of children. Given yields of about 1%, routine metabolic screening is not indicated in the initial evaluation of a
child with global developmental delay. Because of the higher yield (3.5% to 10%), even in the absence of dysmorphic
features or features suggestive of a specific syndrome, routine cytogenetic studies and molecular testing for the fragile X
mutation are recommended. The diagnosis of Rett syndrome should be considered in girls with unexplained moderate to
severe developmental delay. Additional genetic studies (e.g., subtelomeric chromosomal rearrangements) may also be
considered in selected children. Evaluation of serum lead levels should be restricted to those children with identifiable risk
factors for excessive lead exposure. Thyroid studies need not be undertaken (unless clinically indicated) if the child
underwent newborn screening. An EEG is not recommended as part of the initial evaluation unless there are historical
features suggestive of epilepsy or a specific epileptic syndrome. Routine neuroimaging, with MRI preferred to CT, is
recommended particularly if abnormalities are found on physical examination. Because of the increased incidence of visual
and auditory impairments, children with global developmental delay may undergo appropriate visual and audiometric
assessment at the time of diagnosis. Conclusions: A specific etiology can be determined in the majority of children with
global developmental delay. Certain routine screening tests are indicated and depending on history and examination
findings, additional specific testing may be performed.
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Developmental disabilities are a group of related
chronic disorders of early onset estimated to affect
5% to 10% of children.1,2 Global developmental delay
is a subset of developmental disabilities defined as

significant delay in two or more of the following developmental domains: gross/fine motor, speech/language, cognition, social/personal, and activities of
daily living.3-7 Global developmental delay describes
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a clinical presentation that has a heterogeneous etiologic profile and is associated with age-specific deficits in adaptation and learning skills. Those deficits
are evident in comparison with the skills attainment
of chronological peers. Significant delay is defined as
performance two standard deviations or more below
the mean on age-appropriate, standardized normreferenced testing. The term global developmental
delay is usually reserved for younger children (i.e.,
typically less than 5 years of age), whereas the term
mental retardation is usually applied to older children when IQ testing is more valid and reliable.4-13
A child with the clinical picture of global developmental delay is not necessarily destined to be mentally retarded. Infants and children may have global
developmental delay owing to conditions such as cerebral palsy, certain neuromuscular disorders, and
other conditions such as early environmental deprivation, yet when they are old enough to measure
cognitive level they do not score in the mentally retarded range. The diagnosis of mental retardation,
according to the American Association of Mental Retardation8 and the Diagnostic and Statistical Manual of Mental Disorders, 4th ed., text revision,11
requires accurate and valid assessment of intelligence, which is generally not possible in infants and
young children8 in addition to deficits in adaptive
function. Available valid instruments for assessing
intelligence (such as the Stanford-Binet or Wechsler
Preschool Primary Scale of Intelligence) are not generally applicable under age 3 years.12
The precise prevalence of global developmental delay is unknown. Estimates of 1% to 3% of children
younger than 5 years are reasonable given the prevalence of mental retardation in the general population.14
Based on approximately 4 million annual births in the
United States and Canada, between 40,000 and
120,000 children born each year in these two countries
will manifest global developmental delay.
Developmental surveillance is recognized as an integral component of pediatric care.15 Professional organizations dedicated to the medical care of children
recommend routine monitoring of a child’s developmental progress.15,16 Formal screening, together with
reliance on parental reporting measures, constitutes
the primary means by which children with global
developmental delay are identified.17 In addition,
children possessing either biologic or social risk factors for later developmental delay are often targeted
through specific follow-up programs that incorporate
routine periodic assessments evaluating developmental performance.18 Environmental influences
such as culture, parental skills, neglect, and opportunity may modify the cause’s expression as well as the
detection and diagnosis of global developmental delay. Accumulating evidence also demonstrates the
benefits of early intervention through a variety of
programs (e.g., Head Start) with respect to shortterm outcomes19 and suggests that early diagnosis of
a child with global delay may improve outcome.
Initial screening is important not only in identify368
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ing children with developmental delay but also is the
first step in determining whether a child has global
delay, a language disorder, or an autistic spectrum
disorder. This parameter is focused specifically on
the child who has global developmental delay. Previous parameters have reviewed the evaluation of children and adolescents with language disorders20 and
autistic spectrum disorders.21
Identification of a globally delayed young child by
routine pediatric screening in the first years of life
mandates a careful search for an underlying etiology.22 This search is usually initiated by the primary
care physician and frequently requires referral to
either a child neurologist or developmental pediatrician.7,23 Accurate etiologic determination, despite the
fact that many disorders have no specific therapeutic
interventions, has specific implications regarding
treatment, prognosis, ongoing medical management
of associated conditions, assessment of recurrence
risk, counseling of families if there is a risk of recurrence, and implementation of prevention programs.7,14,24 Determining causality also empowers the
affected family in planning for their child and limits
further unnecessary testing.25
Estimates of the etiologic yield (10% to 81%) in
children with global developmental delay/mental retardation are highly variable.7,14,24-29 The reported
variability in diagnostic yield can be attributed to
differences in a variety of factors including sample
population characteristics, severity of delay in the
children studied, extent of diagnostic investigations,
and technological advances over time, especially
with respect to genetic and neuroimaging techniques. Considerable uncertainty exists among practitioners evaluating young children with global
developmental delay with respect to the appropriate
extent of laboratory investigations and referral for
ancillary services.24,30,31 Laboratory investigations
should be undertaken only after a comprehensive
history and physical examination are undertaken.
One prospective (17.2% yield) and two retrospective
(19.1%, 34.2%) studies have shown that the etiology
of developmental delay can be established on the
basis of the history and examination.7,28,29
This practice parameter reviews available evidence concerning the value of diagnostic testing in
the initial evaluation of a young child with a global
developmental delay that is static, nonprogressive,
and has no clear etiology. Based on this evidence,
specific recommendations for each testing modality
are provided.
Description of process. Literature searches were
conducted with the assistance of the University of Minnesota Biomedical Information Services for relevant articles published from 1980 to 2000. Databases searched
included MEDLINE, Healthstar, ERIC, and CINAHL. Depending on the particular diagnostic test/
ancillary service of interest, key words/phrases
included the following: mental retardation, developmental delay, developmental disability, neurodevel-

opmental delay, physical therapy, occupational
therapy, speech therapy, audiology, ophthalmology,
and psychometric evaluation. Searches were restricted to the English language under the subheading of infant and child.
Individual committee members reviewed titles
and abstracts so identified for content and relevance.
Articles dealing with investigations in developmental delay with reference to determining a possible
etiology were selected for further detailed review.
From the bibliographies of several articles selected
for review, additional articles thought to be relevant
were identified at the discretion of committee members. A bibliography of the 160 articles identified and
reviewed for preparation of this parameter is available at the American Academy of Neurology website
(http://www.aan.com/). Relevant position papers
were also sought from professional organizations, including the consensus statement of the American
College of Medical Genetics on the evaluation of
mental retardation.32
Each article was reviewed, abstracted, and classified
by a committee member. A four-tiered classification
scheme for diagnostic evidence recently approved by
the Quality Standards Subcommittee was utilized as
part of this assessment (Appendix 2). Depending on the
strength of this evidence it was decided whether specific recommendations could be made, and if so, the
level of strength of these recommendations (Appendix
3). Evidence pertinent to each diagnostic test followed
by the committee’s evidenced-based recommendations
are presented. The committee selected a value of 1% as
a clinically meaningful cutoff point for diagnostic yield.
Thus if the diagnostic yield of a test was less than 1% it
was felt that this test should not be performed on a
routine basis whereas tests with yields greater than
1% should be considered.
What is the diagnostic yield of metabolic and genetic
investigations in children with global developmental
delay? Evidence. Laboratory investigations relevant
to the possible ascertainment of an underlying etiology
include metabolic studies that screen for specific inborn
errors of metabolism, cytogenetic and molecular tests
that employ various techniques, and screening for
chronic lead poisoning and hypothyroidism.
Metabolic studies. Two class III studies (table 1)
involving 2,655 patients have evaluated the diagnostic
yield of screening for metabolic disorders in institutionalized populations of individuals with presumed
significant global developmental delay or mental retardation.34,35 A diagnostic yield of 0.6%34 and 1.3%35 was
obtained utilizing nonselective screening protocols. A
class II population-based study from Finland on four
successive birth cohorts of children born between 1969
and 1972 employed a standardized metabolic screening
protocol in children identified to have severe mental
retardation.33 The results yielded a frequency of 5% for
identified inherited metabolic diseases, attributed by
the study’s authors to the patient’s “Finnish disease
heritage,” which may be specific to a relatively homoge-

Table 1 Metabolic testing in children with global
developmental delay

Reference

Class

N

Results (% patients with abnormal
screening)

33

II

151

26% for mild delay; 77% for severe
delay; genetic etiology in 28%,
5% were metabolic disorders

34

III

1,087

0.6%; standardized biochemical
screening

35

III

1,568

1.3%; standardized biochemical
screening

7

III

60

63% with all testing but less than
1% for metabolic testing

36

III

281

⬍5%; nonstandardized evaluation;
etiologic yield of 72% for whole
group

28

III

99

⬍5% even on an indicated basis

37

III

118

13.6% using stepwise rather than
routine screening protocol

neous and isolated population. A class III study from
Israel36 and a class IV study of heterogeneous North
American children with global developmental delay7
highlighted that the diagnostic yield for metabolic testing was about 1% even within the context of a history
or examination suggestive of a possible underlying
metabolic disorder. A more recent class II prospective
study from the same group of investigators confirmed a
yield of less than 5% even on an indicated (i.e., family
history, parental consanguinity) basis.28 Typically metabolic screening in these studies involved amino and
organic acids together with a determination of serum
ammonia and lactate levels.
Neonatal screening programs for metabolic disorders (varying in testing but typically involving amino
and organic acids and thyroid function) identify infants with conditions that are associated with global
developmental delay.32 These have decreased the
number of children who present with undiagnosed
global developmental delay and thus decrease the
yield of metabolic testing in this particular population done later in life. The advent of tandem mass
spectrometry has further increased the yield of neonatal screening programs (i.e., universal newborn
screening).38-40 Although the yield from metabolic
testing is low, one issue that needs consideration is
whether a treatable condition that was not detected
using a neonatal screening program would be
missed. Most children with an inborn error of metabolism have other symptoms (e.g., failure to thrive,
developmental regression, episodic decompensation)
or physical findings (e.g., hepatosplenomegaly,
coarse facial features) that prompt diagnostic testing, making the likelihood of not diagnosing a treatable condition presenting just with symptoms of
global developmental delay quite low.32,35 In addition,
nonspecific and nondiagnostic abnormalities are freFebruary (1 of 2) 2003
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quently found when routine metabolic screening is
performed and often lead to additional extensive and
expensive laboratory testing.32
Also to be considered is the potential role of doing
focused, selective, or sequential (i.e., based on results
of prior testing) rather than routine metabolic
screening.32 Using this approach, tests would be ordered if there were specific features in the history or
examination to suggest a specific group of metabolic
disorders (i.e., focused or selective evaluation) or, if
tests were ordered, based on doing those with the
greatest yield first and then if negative ordering the
next level of testing that has a lower diagnostic yield
(sequential). Few data are available that address
this question except for a recent class III report of
118 children that used a stepwise rather than a routine screening approach. This study found a diagnostic yield of 13.6%, which is much higher than that
reported using routine screening of all patients with
undiagnosed global developmental delay.37 Findings on
physical (dysmorphology, organomegaly), neurologic,
and ophthalmologic examination as well as the results
of basic laboratory screening tests were used to decide
additional targeted tests that were performed.
Conclusions. Routine screening for inborn errors
of metabolism in children with global developmental
delay has a yield of about 1% that can, in particular
situations such as relatively homogeneous and isolated populations or if there are clinical indicators,
increase up to 5%. When stepwise screening is performed the yield may increase to about 14%.
Cytogenetic studies. Six class III studies (table 2,
top) have addressed the yield of cytogenetic testing
(karyotype) in individuals with global developmental
delay/mild to moderate mental retardation. These
studies, encompassing 3,672 patients, in almost all of
whom the etiology of developmental delay was not
evident, documented a frequency of cytogenetic abnormalities of 2.93%,41 3.9%,42 4.7%,43 5.4%,44 7.1%,28
and 11.6%.29 The overall yield was 3.7% and some of
the more common cytogenetic abnormalities found
included Down syndrome, sex chromosome aneuploidies (47, XXY), fragile X syndrome, and unbalanced translocations/deletion syndromes. In one of
these studies, the presence of two or more dysmorphic features was associated with a higher yield of
cytogenetic abnormalities (20%).42 One of these class
III studies28 involving 99 children found a similar
yield whether testing was performed on an indicated
or screening basis. Two retrospective class IV studies
involving 230 children identified yields of 3.5%45 and
10%7 on routine cytogenetic testing in children with
global developmental delay. Technical issues related
to the type and resolution of specific cytogenetic
studies have been reviewed in the 1997 American
College of Medical Genetics consensus report.32
Fragile X studies. Fragile X syndrome, due to a
mutation of the FMR1 gene, represents the most
common inherited disorder causing global developmental delay and merits special diagnostic attention.
370
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Table 2 Cytogenetic and fragile X testing in children with global
developmental delay
Reference

Class

N

Results*

Studies reporting cytogenetic and fragile X testing
41

III

2,757

2.93% (2.61% also had FraX)

42

III

256

3.9%

43

III

274

4.7% (9.1% also had FraX)

44

III

166

5.4%

28

III

99

7.1%

29

III

120

11.6% (2.3% also had FraX)

7

IV

60

10%

45

IV

170

3.5%

Studies reporting data primarily on fragile X prevalence
47

II

1,581

0.7% FraX overall with 1.0% in
males, 0.3% in females, and
7.6% in males with clinically
pre-selected criteria

48

II

80

0% females with FraX

49

II

20

0% females with FraX

50

II

278

0.3% females with FraX

51

II

128

3.9% females with FraX

52

II

50

4.0% females with FraX

53

II

194

4.1% females with FraX

54

II

35

11.4% females with FraX

55

III

103

3.9% FraX

56

IV

4,940

5.3% FraX

* For references 7, 28, 29, and 41– 45 (top of table), % of patients
with abnormal results on cytogenetic studies; for references
48 –56 (bottom of table), % of patients with fragile X (FraX).

Four forms of the CGG trinucleotide repeat have
been described: normal (6 to 40 repeats), intermediate (41 to 60 repeats), premutation (61 to 200 repeats), and full mutation (⬎200 to 230 repeats).
Prevalence of the full mutation associated with developmental delay ranges from 1 per 3,717 to 8,918
males in the general population whereas prevalence
of the premutation is approximately 1 per 1,000. In
females, prevalence of the full mutation based on
large population studies has not yet been reported
but the premutation or carrier rate is estimated to be
between 1 per 246 to 468 individuals in the general
population.46
Table 2 summarizes data on clinical studies related to the prevalence of fragile X syndrome. Two
class III studies totaling 2,877 patients with undiagnosed developmental delay found incidences of
FMR1 mutations in 2.3%29 and 2.61%41 of these populations. One class IV comprehensive analysis of 16
studies evaluating 4,940 males with mental retardation and/or autistic features found a pooled average
incidence of 5.3% for fragile X syndrome using older
methods of laboratory study.56 Prevalences in this
study ranged from 0 to 19.5%. A class III prospective
study of 103 males with moderate to severe learning

difficulties yielded a 3.9% incidence among males for
the FMR1 mutation using molecular techniques.55
Pooled data (see table 2, bottom) from seven studies
involving 785 females with varying degrees of mental retardation found an incidence of the fragile X
mutation of 2.5%.48-54 In a more recent study of 2,757
individuals with mental retardation, 2.6% had fragile X mutations and one-third of these individuals
were female.41 Sisters of fragile X males are also
more likely to have the fragile X mutation and if so
are more likely to exhibit cognitive impairment,
prominent ears, shyness, and poor eye contact.57
Molecular screening of the FMR1 gene in a population of individuals derived from residential institutions, special schools, sheltered workshops, and
group homes with mental retardation of unknown
cause (1,581 individuals— 896 males, 685 females)
resulted in a new diagnosis in 11 cases (0.7%) (class
II study).47 In this study, utilizing a simple sevenitem checklist of clinical features in the males would
have eliminated from molecular analysis 86% of the
sample without loss of any newly diagnosed cases.
These seven items included a family history of mental retardation, facial features including either a
long jaw or high forehead, large and/or protuberant
ears, hyperextensible joints, soft and velvety palmar
skin with redundancy on the dorsum of the hand,
enlargement of the testes, and personality attributes
with initial shyness and lack of eye contact followed
by friendliness and verbosity. Thus, clinical preselection increased the efficiency of molecular testing in
males to a 7.6% yield.
Testing for Rett syndrome. Rett syndrome is currently believed to be one of the leading causes of global
developmental delay/mental retardation in females
and is caused by mutations in the X-linked gene encoding methyl-CpG-binding protein 2 (MECP2).58 About
80% of patients with Rett syndrome have MECP2 mutations; however, MECP2 mutations can occur without
clinical features of this disorder. Patients with classic
Rett syndrome appear to develop normally until 6 to 18
months of age, then gradually lose speech and purposeful hand use, and develop abnormal deceleration of
head growth that may lead to microcephaly. Seizures,
autistic-like behavior, ataxia, intermittent hyperventilation, and stereotypic hand movements occur in most
patients. The prevalence of Rett syndrome in the general population is approximately 1 to 3 individuals per
10,000 live births59-61 and it has been estimated that
there are approximately 10,000 individuals in the
United States with this disorder.62 In institutionalized
individuals with mental retardation, the incidence has
been estimated at 2.5%.63 Rett syndrome was initially
believed to occur primarily in females with severe developmental delay. Recent studies have shown that
milder forms of this disorder occur in females and that
males with more severe global delay have features similar to Rett syndrome seen in females.58,64 Currently
there are insufficient data to estimate the prevalence of
Rett syndrome variants in milder affected females or in
males.

Molecular screening for subtelomeric chromosomal
rearrangements. The value of molecular rather
than cytogenetic screening for chromosomal rearrangements has been shown in a number of recent
studies. Following an initial report65 that up to 6% of
children with moderate to severe developmental delay might have small rearrangements involving the
ends of chromosomes (subtelomeric rearrangements),
there has been considerable interest in determining
whether molecular screening should become routine
in cases of idiopathic developmental delay.66,67 Data
from 11 class I and II studies involving 1,952 children are summarized in table 3.
Nine studies used fluorescence in situ hybridization (FISH) of subtelomeric probes to detect chromosomal rearrangements68-70,72,74-78 and two studies used
microsatellite markers.71,73 The latter approach is
able to detect uniparental disomy (inheritance of
both copies of one chromosome from the same parent). However, this technique makes only a small
contribution (0.7%) to the etiology of idiopathic developmental delay.73
FISH screening of patients with moderate or severe developmental delay has demonstrated a relatively high yield. Abnormalities were detected in
6.8% of 840 patients with moderate or severe developmental delay compared to only 1.1% of 379 patients with mild retardation and 0.9% of 225 controls
(see table 3). The presence of chromosomal abnormalities in control patients raises the possibility that
a proportion of these abnormalities may not be the
cause of mental retardation. In most cases this has
been excluded by investigating the parents and observing whether the chromosomal anomaly segregates with the developmental delay.
Diagnostic yield in detecting subtelomeric chromosomal rearrangements may also be improved by selective screening. In a study of 29 patients with
subtelomeric abnormalities, it was demonstrated
that a five-item checklist (family history of developmental delay, prenatal onset of growth retardation,
presence of two or more facial dysmorphic features,
postnatal growth abnormalities [micro or macrocephaly, short or tall stature], and nonfacial and congenital abnormalities) increased the diagnostic yield.79
Conclusions. The accumulated data suggest that
cytogenetic studies will be abnormal in 3.7% of children with global developmental delay, a yield that is
likely to increase in the future as new techniques are
employed. In mixed populations (both males and females), a yield of between 0.3% and 5.3% (average
yield of 2.6%) has been demonstrated for fragile X
testing. The higher range of this yield exists for testing among males. There is a suggestion that clinical
preselection for the fragile X syndrome among males
may improve diagnostic testing beyond routine
screening. After Down syndrome, Rett syndrome is
believed to be the most common cause of developmental delay in females.58 Although milder variants
in females and more severe phenotypes in males recently have been recognized, estimates of their prevFebruary (1 of 2) 2003
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Table 3 Subtelomeric probe testing in children with global developmental delay

Reference
68

Class
I

69

I

Level of mental
retardation

N

Controls

75

No. (%) of patients with significant
rearrangements
0

Mild

182

1 (0.55)

Moderate/severe

284

21 (7.39)

Controls

150*

0

Unspecified

61

0

Mild

82

0

Moderate/severe

46

0

70

II

Unspecified

27

2 (7.4)

71

II

Moderate/severe

29

2† (6.89)

72

II

IQ ⬍ 60

254

13* (5.12)

73

II

Unspecified

120

5 (4.17)

74

II

Mild
Moderate/severe

75

II

44
117

0
13 (11.11)

Mild

42

0

Moderate/severe

28

1 (3.57)

76

II

Unspecified

50

3 (6.0)

77

II

Mild

29

3 (10.3)

78

II

Unspecified

Moderate/severe

82

7 (8.5)

250

9 (3.6)

Abnormalities were classified as significant if there was evidence that they caused retardation and nonsignificant when they appeared
to be a polymorphism devoid of phenotypic consequences.
* Two patients had nonsignificant rearrangements.
† One additional patient had uniparental disomy.

alence are not currently available. Subtelomeric
chromosomal rearrangements have been found in
6.6% (0 to 11.1%) of patients with idiopathic moderate to severe developmental delay.
Recommendations.
1. Given the low yield of about 1%, routine metabolic
screening for inborn errors of metabolism is not
indicated in the initial evaluation of a child with
global developmental delay provided that universal newborn screening was performed and the results are available for review. Metabolic testing
may be pursued in the context of historical (parental consanguinity, family history, developmental regression, episodic decompensation) or
physical examination findings that are suggestive
of a specific etiology (or in the context of relatively
homogeneous population groups) in which the
yield approaches 5% (Level B; class II and III
evidence). If newborn screening was not performed, if it is uncertain whether a patient had
testing, or if the results are unavailable, metabolic screening should be obtained in a child with
global developmental delay.
2. Routine cytogenetic testing (yield of 3.7%) is indicated in the evaluation of the child with developmental delay even in the absence of dysmorphic
372
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features or clinical features suggestive of a specific syndrome (Level B; class II and III evidence).
3. Testing for the fragile X mutation (yield of 2.6%),
particularly in the presence of a family history of
developmental delay, may be considered in the
evaluation of the child with global developmental delay. Clinical preselection may narrow the
focus of who should be tested without sacrificing
diagnostic yield. Although screening for fragile
X is more commonly done in males because of
the higher incidence and greater severity, females are frequently affected and may also be
considered for testing. Because siblings of fragile X patients are at greater risk to be symptomatic or asymptomatic carriers, they can also
be screened (Level B; class II and class III
evidence).
4. The diagnosis of Rett syndrome should be considered in females with unexplained moderate to severe mental retardation. If clinically indicated,
testing for the MECP2 gene deletion may be obtained. Insufficient evidence exists to recommend
testing of females with milder clinical phenotypes
or males with moderate or severe developmental
delay (Level B; class II and class III evidence).
5. In children with unexplained moderate or severe

developmental delay, additional testing using
newer molecular techniques (e.g., FISH, microsatellite markers) to assess for subtelomeric chromosomal rearrangements (6.6%) may be considered
(Level B; class II and class III evidence).
What is the role of lead and thyroid screening in
children with global developmental delay? Lead
screening: evidence. Lead is the most common environmental neurotoxin. Studies over the past several
decades have shown a relation between marked elevations in serum lead levels, clinical symptoms, and
cognitive deficits (but not definitively mental retardation), which prompted extensive efforts to reduce
exposure to environmental lead.80 As a result, average blood lead levels in the United States have fallen
dramatically from 15 g/dL in the 1970s to 2.7 g/dL
in 1991 through 1994.81 It is estimated that there are
still about 900,000 children in the United States between the ages of 1 and 5 years who may have blood
lead levels equal to or greater than 10 g/dL.
Because of these low lead levels and the environmental safeguards currently in place, it is unlikely at
the present time for a child to have symptomatic
high-level lead exposure that would cause moderate
to severe global developmental delay. Even in the
classic studies of Byers and Lord, published in 1943,
which focused attention on the issue of chronic lead
exposure and development, the mean IQ score of 19
children with lead poisoning was 92 ⫾ 10.5, values
that would not fall within the range of mental
retardation.82
Low-level lead exposure remains possible, and it
has been estimated that each 10 g/dL increase in
blood lead level may lower a child’s IQ by about 1 to
3 points.83 However, the relation and clinical significance of mildly elevated but nontoxic levels (i.e.,
those that do not require medical intervention) to
developmental status remains controversial.84,85 In a
cohort of young children (age 12 to 36 months) identified on routine screening at an urban public hospital, elevated lead levels (10 to 25 g/dL) resulted in a
6.2-point decline in scores on the Mental Developmental Index when compared to children with lead
levels below 10 g/dL (class II study).86 In a study of
data drawn from the Third National Health and Nutrition Examination Survey (NHANES III), an inverse relation between blood lead concentration at
subtoxic levels and scores on four measures of cognitive functioning was demonstrated (class III study).87
The clinical status of the children in these studies
(i.e., delayed or not) was not provided.
In a consecutive series of 72 children referred to a
child developmental center with developmental
and/or behavioral problems compared to controls, a
significantly higher distribution of lead concentrations was demonstrated, with 12% of the sample possessing a concentration greater than 10 g/dL (class
II study).88 However, in a study of children drawn
from a population at low risk for lead exposure, a
series of 43 children with either developmental delay

or attention deficit hyperactivity disorder did not
demonstrate elevated lead levels compared to controls (class II study).89
Current consensus guidelines with respect to lead
testing in children recommend a strategy of targeted
screening of all children with identifiable risk
factors.90-92 These risk factors emphasize potential
sources of environmental exposure and socioeconomic disadvantage. Developmental delay alone is
not presently recognized as a risk factor within these
guidelines. Targeted (rather than universal) screening is recommended in communities where ⬍12% of
children have blood lead levels ⬎10 g/dL or where
⬍27% of houses were built before 1950.92 According
to the recently published guidelines of the American
Academy of Pediatrics, other candidates for targeted
screening include children 1 to 2 years of age living
in housing built before 1950 situated in an area not
designated for universal screening, children of ethnic
or racial minority groups who may be exposed to
lead-containing folk remedies, children who have
emigrated (or been adopted) from countries where
lead poisoning is prevalent, children with iron deficiency, children exposed to contaminated dust or soil,
children with developmental delay whose oral behaviors place them at significant risk for lead exposure,
victims of abuse or neglect, children whose parents
are exposed to lead (vocationally, avocationally, or
during home renovation), and children of low-income
families.
Thyroid screening: evidence. Unrecognized congenital hypothyroidism is a potentially treatable
cause of later developmental delay. Delay in diagnosis and treatment beyond the newborn period and
early infancy has been clearly linked to later, often
substantial, neurodevelopmental sequelae.93 Implementation of newborn screening programs has been
extremely successful in eliminating such sequelae,
with very few cases reported in which the diagnosis
was not established.94,95 In some countries, where
comprehensive newborn screening programs are not
yet in place, congenital hypothyroidism has been
found to be responsible for 17/560 (3.8%) cases of
cognitive delay evaluated in a pediatric neurology
clinic (class II study).96 Many of these children also
had prominent systemic symptoms.
Conclusions. Low-level lead poisoning is associated with mild cognitive impairments but not with
global developmental delay. Approximately 10% of
children with developmental delay and identifiable
risk factors for excessive environmental lead exposure may have an elevated lead level. In the absence
of systematic newborn screening, congenital hypothyroidism may be responsible for approximately 4%
of cases of cognitive delay.
Recommendations.
1. Screening of children with developmental delay
for lead toxicity may be targeted to those with
known identifiable risk factors for excessive enviFebruary (1 of 2) 2003
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ronmental lead exposure as per established current guidelines (Level B; class II evidence).
2. In the setting of existing newborn screening programs for congenital hypothyroidism, screening of
children with developmental delay with thyroid
function studies is not indicated unless there are
systemic features suggestive of thyroid dysfunction (Level B; class II evidence).
What is the diagnostic yield of EEG in children
with global developmental delay? Evidence. Given
the higher incidence of epilepsy and behavioral disorders in children with global developmental delay,
EEG is often considered at initial evaluation. The
utility of EEG from a diagnostic perspective in this
population has rarely been addressed. The vast majority of articles on EEG and global developmental
delay are class IV studies on small cohorts of children with an already established diagnosis (e.g., subacute sclerosing panencephalitis97 or progressive
myoclonic epilepsy98) that is often a progressive encephalopathy rather than a static encephalopathy
such as global developmental delay.
Two class III studies involving 200 children with
global developmental delay who had EEG have been
reported.28,29 In one study, the EEG did not contribute to determining the etiology of developmental delay.28 In the second study, 10 of 120 children were
found to have epileptic syndromes (Lennox-Gastaut,
2; severe myoclonic epilepsy, 1; epilepsy with
myoclonic-astatic seizures, 1; symptomatic generalized epilepsy, 3; partial symptomatic epilepsy, 2; and
epilepsy undetermined, 1).29 Although not stated in
the article, it is likely that all of these children already had overt seizures and a recognized epilepsy
for which an abnormal EEG result is expected. Another class III prospective study of 32 children with
significant developmental dysphasia with or without
associated global developmental delay revealed nonspecific epileptic abnormalities in 13 of 32 children
(40.6%), a finding of unclear etiologic significance.99
A retrospective class IV study of 60 children with
global developmental delay, 83% of whom had EEG,
yielded an etiologic diagnosis based on the EEG results in 2.0% of the cohort (specifically one child with
ESES— electrographic status epilepticus during slow
wave sleep).7 Although the yield on routine testing is
negligible, if there is a suspected epileptic syndrome
that is already apparent from the history and physical examination (e.g., Lennox-Gastaut syndrome,
myoclonic epilepsy, Rett syndrome), the EEG has
confirmatory value.29,100
Conclusions. Available data from two class III
studies and one class IV study determined an
epilepsy-related diagnosis in 11 of 250 children
(4.4%). However, the actual yield for a specific etiologic diagnosis occurred in only 1 patient (0.4%).
Recommendations.
1. An EEG can be obtained when a child with global
developmental delay has a history or examination
features suggesting the presence of epilepsy or a
374
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Table 4 Neuroimaging studies in children with global
developmental delay

Reference

Results (% patients with
abnormal studies)

Class

N

7

III

60

31.4% (CT, a few had MRI)

28

III

99

27% (CT); 41.2% when done on
an indicated basis vs 13.9%
when on a screening basis

100

III

23

4.3% (CT)

101

III

76

27.6% (CT) with 71.4% of these
with nonspecific atrophy

102

III

37

81% (CT)

103

III

79

63% (CT)

45

IV

170

104

III

224

48.6% (MRI)

105

III

40

92.5% (MRI)

106

IV

3

100% (MRI) but small number
of patients

107

III

13

100% (MRI) but small number
of patients

108

III

21

Amount of abnormal cerebral
white matter on MRI
correlated with degree of
mental impairment

30% (CT); 65.5% (MRI); 19/29
patients who had MRI
showed an abnormality

specific epileptic syndrome (Level C; class III and
IV evidence).
2. Data are insufficient to permit making a recommendation regarding the role of EEG in a child
with global developmental delay in whom there is
no clinical evidence of epilepsy (Level U; class III
and IV evidence).
What is the diagnostic yield of neuroimaging in
children with global developmental delay? Evidence. Advances in neuroimaging have had a significant impact on the clinical practice of child
neurology during the past 25 years. Studies utilizing
cranial CT scanning have documented an increasing
etiologic yield for global developmental delay that
parallels improved imaging technology (table 4). Although early studies (1981, 1982) did not appear to
justify CT imaging on a widespread screening basis,101,102 more recent studies suggest that about onethird of children will have abnormalities that likely
explain their developmental disorder. Three class III
studies totaling 329 children with global developmental delay, utilizing CT in almost all patients and
MRI in a small sample, found a specific cause in
31.4%,7 27%,28 and 30%45 of children. In one of these
studies, the yield on neuroimaging when done on an
indicated basis (e.g., microcephaly, focal motor findings) was almost threefold greater than when done
on a screening basis (41.2% vs 13.9%).28 Two additional class III retrospective studies of 196 children

found that physical examination findings consistent
with cerebral palsy together with global developmental delay increased the yield of CT to between 63%
and 73%.103,104
The value of MRI has also been documented in
this clinical context (see table 4). A recent class III
retrospective study found MRI abnormalities in 109
of 224 (48.6%) children with global developmental
delay.105 These included nervous system malformations (n ⫽ 55); cerebral atrophy (12); white matter
disease, delayed myelination, or other white matter
abnormalities (42); postischemic lesions (10); widened Virchow-Robin spaces (3); and phakomatoses
(2). Other studies have shown that MRI appears to be
more sensitive than CT in detecting abnormalities. In
one class III retrospective study of 170 children with
global developmental delay, MRI abnormalities were
detected in 65.5% (19/29) compared to 30% (51/170) of
those who underwent CT scanning.45 When physical
findings consistent with cerebral palsy coexist with
global delay, an additional yield of MRI beyond that
obtained by CT scanning alone has been found in one
class III retrospective study of 40 children106 and a
retrospective class IV small case series involving three
children.107 MRI is also more sensitive for the detection
of specific cerebral malformations108 and the degree of
white matter abnormality observed on MRI also appears to correlate with the degree of cognitive disability
in one class III study of children with spastic
diplegia.109
Conclusions. Available data primarily from class
III studies show that CT contributes to the etiologic
diagnosis of global developmental delay in approximately 30% of children, with the yield increasing if
physical examination findings are present. MRI is
more sensitive than CT, with abnormalities found in
48.6% to 65.5% of children with global delay with the
chance of detecting an abnormality increasing if
physical abnormalities, particularly cerebral palsy,
are present.
Recommendations.
1. Neuroimaging is recommended as part of the diagnostic evaluation of the child with global developmental delay (Level B; class III evidence). As
the presence of physical findings (e.g., microcephaly, focal motor findings) increases the yield of
making a specific neuroimaging diagnosis, physicians can more readily consider obtaining a scan
in this population (Level C; class III evidence).
2. If available, MRI should be obtained in preference
to CT scanning when a clinical decision has been
made that neuroimaging is indicated (Level C;
class III evidence).
Are vision and hearing disorders common in children with global developmental delay? In the past
decade, guidelines for vision110-112 and hearing113
screening in infants and children have been proposed
and methods of assessment of these modalities
havealso been refined.114,115 It is suspected that children with global developmental delay are at greater

risk to have vision and/or auditory sensory impairments and evaluation for such impairments is an
important component of the initial management of
the child with global developmental delay. These impairments interfere with developmental progress or
rehabilitation effects. Often these impairments are
correctable and their correction may improve developmental outcome. Detection of a specific type of sensory deficit may also help establish the etiology of a
child’s developmental disorder.
Evidence. One class IV study in adults from a
large institutional population found a tenfold higher
incidence of vision impairment in individuals with
developmental disabilities compared to those without disabilities.116 In two class III studies totaling
365 children with global developmental delay, abnormalities on vision screening were found in 13%117 to
25%118 of children. Refractive errors (24%), strabismus (8%), and a number of organic ocular diseases
(8%) were also detected in one of these reports.118
Supporting these findings is a class IV retrospective
review that estimated the frequency of primary visual sensory impairment in children with global developmental delay to range between 20% and 50%.114
There also appears to be an increased prevalence of
additional visual developmental disability among individuals with syndromes featuring significant sensory impairment.119
Because speech and language delay is often a feature of global developmental delay and may be the
result of a hearing loss, audiologic testing is often
undertaken. Children with global developmental delay are at higher risk for hearing loss.120 In one class
III study of 260 children with severe global developmental delay in whom vision and audiologic screening were performed, 18% of children were found to be
deaf.118 Another class III study involving 96 children
with global developmental delay and clinically suspected hearing loss found that 91% had hearing loss
as detected by behavioral audiometry or brainstem
auditory evoked response testing.121
The feasibility of utilizing transient evoked otoacoustic emissions, compared to standard audiometry, to screen for hearing impairment in children has
been demonstrated (class II study).122 Its use has not
yet been reported specifically in a group of children
with developmental delay. However, retrospective
analysis of a statewide (Rhode Island) legally mandated universal newborn screening program (53,121
newborns over 4 years) demonstrated the utility of a
two-stage otoacoustic emission evaluation process in
accurately detecting early hearing loss in a population not amenable to audiometric testing (class II
study).123
Conclusions. Several class III studies have shown
that children with global developmental delay are at
risk to have primary sensory impairments of vision
and hearing. Estimates of vision impairment or other
visual disorders range from 13% up to 50%whereas
significant audiologic impairments occur in about 18%
of children based on data in one series of patients.
February (1 of 2) 2003
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Figure. Algorithm for the evaluation of the child with developmental delay. Audiologic and ophthalmologic screening is
recommended in all children with global developmental delay. Metabolic studies usually consist of obtaining a urine organic acid screen, quantitative serum amino acids, serum lactate and ammonia levels, capillary or arterial blood gas,
and thyroid function studies.

Recommendations.
1. Children with global developmental delay may
undergo appropriate vision and audiometric assessment at the time of their diagnosis (Level C;
class III evidence).
2. Vision assessment can include vision screening
and a full ophthalmologic examination (visual acuity, extra-oculo-movements, funduscopic) (Level C;
class III evidence).
3. Audiometric assessment can include behavioral
audiometry or brainstem auditory evoked response testing when feasible (Level C; class III
evidence). Early evidence from screening studies
suggests that transient evoked otoacoustic emissions should offer an alternative when audiometry
is not feasible (Level A; class I & II evidence).
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Recommendations for a staged approach to the
evaluation of the child with global developmental delay. Although there is insufficient evidence to recommend the optimal sequence of tests to
determine the etiology of global developmental delay,
taking into account diagnostic yield and potential
treatability, we propose the following consensusbased schedule of testing as outlined in the algorithm (figure). Consensus-based recommendations
relate to the order and timing of testing but not to
the relative diagnostic yield of the specific tests
themselves (table 5).
All children should undergo a detailed history and
physical examination, which may in itself suggest
specific diagnostic possibilities. For all children with
global developmental delay, auditory and visual in-

Table 5 Diagnostic yield of tests in children with global
developmental delay
Test

Diagnostic yield, %

Neuroimaging*
MRI scan, nonenhanced

55.3

CT scan

39.0

Genetic studies†
Routine cytogenetic
studies

3.7

Subtelomeric deletion

6.6

Fragile X screen
MECP2

2.6
Unknown

Metabolic testing‡

⬇1

Thyroid screen
(serum TSH, T4)

Near 0 if UNS; ⬇4 if no UNS

Serum lead level
EEG (routine)

Unknown

to CT). Risk factors for lead exposure or findings suggestive of lead intoxication mandate lead screening.
Parental consanguinity, documentation of loss or regression of developmental milestones, or unexplained
prior parental loss of a child are likely to be caused by
a definable disease process and thus a comprehensive
evaluation may be considered. This can include careful
metabolic evaluation together with neuroimaging studies, EEG, cytogenetic studies, and genetic and ophthalmologic consultations.
The absence of any clinical features that suggest a
specific diagnosis is less likely to be associated with
a definable disease and thus a stepwise approach is
recommended. This may include initial neuroimaging (MRI preferred) and cytogenetic and fragile X
screening. If these tests are negative, consideration
may be given to metabolic evaluation, testing for subtelomeric rearrangements, and genetic consultation.

⬇1

Future research
Based on data from studies listed in table 4,* tables 2 and 3,†
and table 1.‡
‡ Metabolic testing usually consists of urine organic acids, serum
amino acids, serum lactate, ammonia level, and a capillary blood gas.
TSH ⫽ thyroid stimulating hormone; T4 ⫽ thyroxine; UNS ⫽
universal newborn screening.

tegrity should be ascertained. If a child was born in a
locale without universal newborn screening, a
screening metabolic evaluation including capillary
blood gas, serum lactate and ammonia levels, serum
amino acids and urine organic acids, and thyroid
function studies (T4 and thyroid stimulating hormone) may be considered. If a history of events suggestive of possible seizures, paroxysmal behaviors, or
an underlying epilepsy syndrome is elicited, one can
consider an EEG. In addition, screening for autism
or a language disorder should be considered in any
child presenting with GDD. If there is a family history of a close family member (sibling, aunt/uncle, or
first cousin) with global developmental delay on a
known basis, testing specific for the known disorder
may be ordered. When there is a family history of
unexplained developmental delay, cytogenetic testing (which may include testing for subtelomeric rearrangements) may be obtained.
In the absence of a familial history of global developmental delay, specific historical or physical findings can be utilized to direct testing. Observed
dysmorphic features may prompt specific testing for
such entities as Down syndrome (karyotype), fragile
X (FMR1), Rett syndrome (MECP2), Prader-Willi/
Angelman (FISH), or hypothyroidism. Historical documentation of intrapartum asphyxia or ascertainment of
physical findings such as microcephaly, cerebral palsy,
or focal findings or focal seizures may suggest acquired
CNS injury or an underlying cerebral malformation
and thus prompt neuroimaging study (MRI preferable

1. Further prospective studies on the etiologic yields
of various diagnostic tests need to be undertaken
on large numbers of young children with global
developmental delay including control subjects.
These should include newer molecular genetic and
MRI technologies. With this information, prospective testing of specific evaluation paradigms
would be possible.
2. Features (i.e., markers) present on the history
and physical examination at intake need to be
identified that will improve specific evaluation
strategies and enhance etiologic yield.
3. The timing of actual testing in children with
global developmental delay needs to be addressed.
Specifically, it should be determined at what age
and on what basis one can be certain that a child
has a global developmental delay sufficient to justify testing as well as at what age the yield from
testing will be optimal.
4. Alternative strategies of conducting testing simultaneously or sequentially need to be critically assessed. This should help reduce unnecessary
testing and provide cost-effective evaluations and
more accurate diagnostic yields.
5. Additional studies are needed to evaluate the role
of EEG in a child with global developmental delay
in whom there is no clinical evidence of epilepsy.
6. Additional studies are needed to better characterize visual and auditory deficits in children with
global developmental delay. Further investigation
of the sensorimotor impairments of children with
global delay are also needed to better determine
how early intervention therapies might improve
the overall function of children who are likely to
have multiple needs.
7. Issues related to quality of life and social support
of families who have children with developmental
delay need further study. Included in this should
be the benefits that medical testing confer by reFebruary (1 of 2) 2003
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ducing parental concerns related to determining a
specific etiology and by providing important information regarding prognosis, genetic counseling,
alleviation of parental anxiety, and planning future educational and treatment needs.
Disclaimer. This statement is provided as an educational service of the American Academy of Neurology. It is based on an assessment of current scientific
and clinical information. It is not intended to include
all possible proper methods of care for a particular
neurologic problem or all legitimate criteria for
choosing to use a specific procedure. Neither is it
intended to exclude any reasonable alternative
methodologies. The American Academy of Neurology
recognizes that specific patient care decisions are the
prerogative of the patient and the physician caring
for the patient, based on all of the circumstances
involved.

Appendix 3
AAN system for translation of evidence to recommendations
Translation of evidence to
recommendations
Level A rating requires at least
one convincing class I study
or at least two consistent,
convincing class II studies

A ⫽ Established as useful/
predictive or not useful/
predictive for the given
condition in the specified
population

Level B rating requires at least
one convincing class II study
or overwhelming class III
evidence

B ⫽ Probably useful/
predictive or not useful/
predictive for the given
condition in the specified
population

Level C rating requires at least
two convincing class III
studies

C ⫽ Possibly useful/
predictive or not useful/
predictive for the given
condition in the specified
population
U ⫽ Data inadequate or
conflicting. Given current
knowledge, test, predictor is
unproven
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Appendix 2
AAN evidence classification scheme for a diagnostic article
Class I: Evidence provided by a prospective study in a broad spectrum of
persons with the suspected condition, using a “gold standard” for case
definition, where the test is applied in a blinded evaluation, and
enabling the assessment of appropriate tests of diagnostic accuracy.
Class II: Evidence provided by a prospective study of a narrow spectrum
of persons with the suspected condition, or a well-designed retrospective
study of a broad spectrum of persons with an established condition (by
“gold standard”) compared to a broad spectrum of controls, where test is
applied in a blinded evaluation, and enabling the assessment of
appropriated tests of diagnostic accuracy.
Class III: Evidence provided by a retrospective study where either persons
with the established condition or controls are of a narrow spectrum, and
where test is applied in a blinded evaluation.
Class IV: Any design where test is not applied in blinded evaluation OR
evidence provided by expert opinion alone or in descriptive case series
(without controls).
378

NEUROLOGY 60

February (1 of 2) 2003

Rating of recommendations

References
1. Simeonsson RJ, Sharp MC. Developmental delays. In: Hoekelman RA,
Friedman SB, Nelson NM, et al., eds. Primary pediatric care. St.
Louis: Mosby-Year Book, 1992;867– 870.
2. Developmental Disabilities Act, 1994 (P.L. 103–230, section 102(8)).
Available at: http://www.acf.dhhs.gov/programs/add/DD-ACT2.htm.
Accessed October, 2002.
3. Fenichel GM. Psychomotor retardation and regression. In: Clinical
pediatric neurology: a signs and symptoms approach, 4th ed. Philadelphia: WB Saunders, 2001;117–147.
4. Simeonsson RJ, Simeonsson NW. Developmental surveillance and intervention. In: Hoekelman RA, Adam HM, Nelson NM, Weitzman ML,
Wilson MH, eds. Primary pediatric care, 4th ed. St. Louis: Mosby,
2001;274 –282.
5. Kinsbourne M, Graf WD. Disorders of mental development. In: Menkes JH, Sarnat HB, eds. Child neurology, 6th ed. Philadelphia: Lippincott Williams & Wilkins, 2001;1155–1211.
6. Batshaw ML, Shapiro BK. Mental retardation. In: Batshaw ML, ed.
Children with disabilities, 4th ed. Baltimore: Paul H. Brookes, 1997;
335–359.
7. Majnemer A, Shevell MI. Diagnostic yield of the neurologic assessment
of the developmentally delayed child. J Pediatr 1995;127:193–199.
8. Luckasson RL, Coulter DL, Polloway EA, et al. Mental retardation: definition, classification and systems of supports. Washington: AAMR, 1992.
9. Yatchmink Y. Developmental delay: maturational lag to mental retardation. In: Rudolph AM, Hoffman JIE, Rudolph CD, eds. Rudolph’s
pediatrics, 20th ed. Stamford: Appleton & Lange, 1996;121–124.
10. Petersen MC, Kube DA, Palmer FB. Classification of developmental
delays. Semin Pediatr Neurol 1998;5:2–14.
11. American Psychiatric Association. Diagnostic and statistical manual of
mental disorders, 4th ed., text revision. Washington: American Psychiatric Association, 2000;41– 49.
12. Johnson JH, Goldman J. Developmental assessment in clinical child
psychology. New York: Pergamon Press, 1990.
13. Levine MD, Carey WB, Crocker AC, eds. Developmental– behavioral
pediatrics, 3rd ed. Philadelphia: Saunders, 1999.
14. Yeargin-Allsopp M, Murphy CC, Cordero JF, et al. Reported biomedical causes and associated medical conditions for mental retardation
among 10 year old children, metropolitan Atlanta, 1985 to 1987. Dev
Med Child Neurol 1997;39:142–149.
15. Squires J, Nickel RE, Eisert D. Early detection of developmental problems: strategies for monitoring young children in the practice setting.
Dev Behav Pediatr 1996;17:420 – 427.
16. American Academy of Pediatrics Committee on Children with Disabilities. Developmental surveillance and screening in infants and young
children. Pediatrics 2001;108:192–196.
17. Dobos AEJ, Dworkin PH, Bernstein BA. Pediatricians’ approaches to
developmental problems: has the gap been narrowed? Dev Behav Pediatr 1994;15:34 –38.
18. Msall ME, Bier JA, LaGasse L, Tremont M, Lester B. The vulnerable
preschool child: the impact of biomedical and social risks on neurodevelopmental function. Semin Pediatr Neurol 1998;5:52– 61.
19. Majnemer A. Benefits of early intervention for children with developmental disabilities. Semin Pediatr Neurol 1998;5:62– 69.

20. Practice parameters for the assessment and treatment of children and
adolescents with language and learning disorders. J Am Acad Child
Adolesc Psychiatry 1998;37(10 suppl):46S– 62S.
21. Filipek PA, Accardo PJ, Ashwal S, et al. Practice parameter: screening
and diagnosis of autism: report of the Quality Standards Subcommittee of the American Academy of Neurology and the Child Neurology
Society. Neurology 2000;55:468 – 479.
22. Shevell MI. The evaluation of the child with a global developmental
delay. Semin Pediatr Neurol 1998;5:21–26.
23. Wallerstein R, Seshadri K. Are referrals to developmental pediatricians appropriate? Clin Pediatr 1994;33:564 –568.
24. Schaefer GB, Bodensteiner JB. Evaluation of the child with idiopathic
mental retardation. Pediatr Clin North Am 1992;39:929 –943.
25. Rosenbaum PL. Prevention of psychosocial problems in children with
chronic illness. Can Med Assoc J 1988;139:293–295.
26. McLaren J, Bryson SE. Review of recent epidemiological studies of
mental retardation: prevalence, associated disorders, and etiology.
Am J Ment Retard 1987;92:243–254.
27. Flint J, Wilkie AO. The genetics of mental retardation. Br Med Bull
1996;52:453– 464.
28. Shevell MI, Majnemer A, Rosenbaum P, Abrahamowicz M. Etiologic
yield of subspecialists’ evaluation of young children with global developmental delay. J Pediatr 2000;136:593–598.
29. Battaglia A, Bianchini E, Carey JC. Diagnostic yield of the comprehensive assessment of developmental delay/mental retardation in an
institute of child neuropsychiatry. Am J Med Genet 1999;82:60 – 66.
30. Levy SE, Hyman SL. Pediatric assessment of the child with developmental delay. Pediatr Clin North Am 1993;40:465– 477.
31. First LR, Palfrey JS. The infant or young child with developmental
delay. N Engl J Med 1994;330:478 – 483.
32. Curry CJ, Stevenson RE, Aughton D, et al. Evaluation of mental
retardation: recommendations of a consensus conference: American
College of Medical Genetics. Am J Med Genet 1997;72:468 – 477.
33. Matilainen R, Airksinen E, Mononen T, Launiala K, Kaariainen R. A
population-based study on the causes of mild and severe mental retardation. Acta Paediatr 1995;84:261–266.
34. Henderson HE, Goodman R, Schram J, Diamond E, Daneel A. Biochemical screening for inherited metabolic disorders in the mentally
retarded. S Afr Med J 1981;60:731–733.
35. Reinecke CJ, Mienie LJ, Hitzeroth HW, Op’t Hof J. Screening for
inborn error of metabolism among mentally retarded patients. Outcome of a survey at the Witrand Care and Rehabilitation Center. S Afr
Med J 1983;63:14 –16.
36. Jaffe M, Borochowitz Z, Dar H. Diagnostic approach to the etiology of
mental retardation. Israel J Med Sci 1984;20:136 –140.
37. Papavasiliou AS, Bazigou H, Paraskevoulakos E, Kotsalis C. Neurometabolic testing in developmental delay. J Child Neurol 2000;15:
620 – 622.
38. Zytkovicz TH, Fitzgerald EF, Marsden D, et al. Tandem mass spectrometric analysis for amino, organic, and fatty acid disorders in newborn
dried blood spots: a two-year summary from the New England Newborn Screening Program. Clin Chem 2001;47:1945–1955.
39. Thomason MJ, Lord J, Bain MD, et al. A systematic review of evidence
for the appropriateness of neonatal screening programmes for inborn
errors of metabolism. J Public Health Med 1998;20:331–343.
40. Pollitt RJ, Green A, McCabe CJ, et al. Neonatal screening for inborn
errors of metabolism: cost, yield and outcome. Health Technol Assess
1997;1:i-iv,1–202.
41. White BJ, Ayad M, Fraser A, et al. A 6-year experience demonstrates
the utility of screening for both cytogenetic and FMR-1 abnormalities
in patients with mental retardation. Genet Test 1999;3:291–296.
42. Graham SM, Selikowitz M. Chromosome testing in children with developmental delay in whom the aetiology is not evident clinically. J
Paediatr Child Health 1993;29:360 –362.
43. Volcke P, Dereymaeker AM, Fryns JP, van den Berghe H. On the
nosology of moderate mental retardation with special attention to
X-linked mental retardation. A diagnostic genetic survey of 274 institutionalized moderately mentally retarded men. Genet Couns 1990;1:
47–56.
44. Lamont MA, Dennis NR, Seabright M. Chromosome abnormalities in
pupils attending ESN/M schools. Arch Dis Child 1986;61:223–226.
45. Demaerel P, Kingsley DP, Kendall BE. Isolated neurodevelopmental
delay in childhood: clinicoradiological correlation in 170 patients. Pediatr Radiol 1993;23:29 –33.
46. Crawford DC, Acuna JM, Sherman SL. FMR1 and the fragile X syndrome: human genome epidemiology review. Genet Med 2001;3:
359 –371.
47. de Vries BBA, Mohkarnsing S, van den Ouweland AMW, et al. Screening for the fragile X syndrome among the mentally retarded: a clinical
study. J Med Genet 1999;36:467– 470.
48. Sutherland GR. Heritable fragile sites on human chromosomes. IX.
Population cytogenetics and segregation analysis of the BrdUrequiring fragile site at 10q25. Am J Hum Genet 1982;34:753–756.
49. Blomquist HK, Gustavson KH, Holmgren G, Nordenson I, PalssonStrae U. Fragile X syndrome in mildly mentally retarded children in a
northern Swedish county. A prevalence study. Clin Genet 1983;24:
393–398.

50. Mayer M, Abruzzo MA, Jacobs PA, Yee SC. A cytogenetic study of a
population of retarded females with special reference to the fragile (X)
syndrome. Hum Genet 1985;69:206 –208.
51. Turner G, Brookwell R, Daniel A, Selikowitz M, Zilibowitz M. Heterozygous expression of X-linked mental retardation and
X-chromosome marker fra(X)(q27). N Engl J Med 1980;303:662– 664.
52. Mingroni-Netto RC, Rosenberg C, Vianna-Morgante AM, Pavanello
RD. Fragile X frequency in a mentally retarded population in Brazil.
Am J Med Genet 1990;35:22–27.
53. Neri G, Sanfilippo S, Pavone L, et al. The fragile X in Sicily: an
epidemiological survey. Am J Med Genet 1988;30:665– 672.
54. Proops R, Mayer M, Jacobs PA. A study of mental retardation in
children in the Island of Hawaii. Clin Genet 1983;23:81–96.
55. Slaney SF, Wilkie AO, Hirst MC, et al. DNA testing for fragile X
syndrome in schools for learning difficulties. Arch Dis Child 1995;
72:33–37.
56. Fisch GS, Cohen IL, Jenkins EC, Brown WT. Screening developmentally disabled male populations for fragile X: the effect of sample size.
Am J Med Genet 1988;30:655– 663.
57. Hagerman RJ, Jackson C, Amiri K, Silverman AC, O’Connor R, Sobesky
W. Girls with fragile X syndrome: physical and neurocognitive status and
outcome. Pediatrics 1992;89:395– 400.
58. Shahbazian MD, Zoghbi HY. Molecular genetics of Rett syndrome and
clinical spectrum of MECP2 mutations. Curr Opin Neurol 2001;14:
171–176.
59. Leonard H, Bower C, English D. The prevalence and incidence of Rett
syndrome in Australia. Eur Child Adolesc Psychiatry 1997;6 suppl
1:8 –10.
60. Skjeldal OH, von Tetzchner S, Aspelund F, Herder GA, Lofterld B.
Rett syndrome: geographic variation in prevalence in Norway. Brain
Dev 1997;19:258 –261.
61. Pini G, Milan M, Zappella M. Rett syndrome in northern Tuscany
(Italy): family tree studies. Clin Genet 1996;50:486 – 490.
62. Van Acker R. Rett syndrome: a review of current knowledge. J Autism
Dev Disord 1991;21:381– 406.
63. Vorsanova SG, Yurov YB, Ulas VY, et al. Cytogenetic and molecularcytogenetic studies of Rett syndrome (RTT): a retrospective analysis of
a Russian cohort of RTT patients (the investigation of 57 girls and
three boys). Brain Dev 2001;23 suppl 1:S196 –201.
64. Dotti MT, Orrico A, De Stefano N, et al. A Rett syndrome MECP2
mutation that causes mental retardation in men. Neurology 2002;58:
226 –230.
65. Flint J, Wilkie AO, Buckle VJ, Winter RM, Holland AJ, McDermid
HE. The detection of subtelomeric chromosomal rearrangements in
idiopathic mental retardation. Nat Genet 1995;9:132–140.
66. Knight SJ, Flint J. Perfect endings: a review of subtelomeric probes
and their use in clinical diagnosis. J Med Genet 2000;37:401– 409.
67. Biesecker LG. The end of the beginning of chromosome ends. Am J
Med Genet 2002;107:263–266.
68. Knight SJ, Regan R, Nicod A, et al. Subtle chromosomal rearrangements in children with unexplained mental retardation. Lancet 1999;
354:1676 –1681.
69. Joyce CA, Dennis NR, Cooper S, Browne CE. Subtelomeric rearrangements: results from a study of selected and unselected probands with
idiopathic mental retardation and control individuals by using highresolution G-banding and FISH. Hum Genet 2001;109:440 – 451.
70. Slavotinek A, Rosenberg M, Knight S, et al. Screening for submicroscopic
chromosome rearrangements in children with idiopathic mental retardation using microsatellite markers for the chromosome telomeres. J Med
Genet 1999;36:405– 411.
71. Colleaux L, Rio M, Heuertz S, et al. A novel automated strategy for
screening cryptic telomeric rearrangements in children with idiopathic
mental retardation. Eur J Hum Genet 2001;9:319 –327.
72. Riegel M, Baumer A, Jamar M, et al. Submicroscopic terminal deletions and duplications in retarded patients with unclassified malformation syndromes. Hum Genet 2001;109:286 –294.
73. Rosenberg MJ, Killoran C, Dziadzio L, et al. Scanning for telomeric
deletions and duplications and uniparental disomy using genetic
markers in 120 children with malformations. Hum Genet 2001;109:
311–318.
74. Rossi E, Piccini F, Zollino M, et al. Cryptic telomeric rearrangements
in subjects with mental retardation associated with dysmorphism and
congenital malformations. J Med Genet 2001;38:417– 420.
75. Sismani C, Armour JA, Flint J, Girgalli C, Regan R, Patsalis PC.
Screening for subtelomeric chromosome abnormalities in children with
idiopathic mental retardation using multiprobe telomeric FISH and
the new MAPH telomeric assay. Eur J Hum Genet 2001;9:527–532.
76. Clarkson B, Pavenski K, Dupuis L, et al. Detecting rearrangements in
children using subtelomeric FISH and SKY. Am J Med Genet 2002;
107:267–274.
77. Anderlid BM, Schoumans J, Annérin G, et al. Subtelomeric rearrangements detected in patients with idiopathic mental retardation. Am J
Med Genet 2002;107:275–284.
78. Baker E, Hinton L, Callen DF, et al. Study of 250 children with
idiopathic mental retardation reveals nine cryptic and diverse subtelomeric chromosomal anomalies. Am J Med Genet 2002;107:285–293.
February (1 of 2) 2003

NEUROLOGY 60

379

79. de Vries BB, White SM, Knight SJ, et al. Clinical studies on submicroscopic subtelomeric rearrangements: a checklist. J Med Genet 2001;38:
145–150.
80. Needleman HL, ed. Human lead exposure. Boca Raton: CRC Press,
1992.
81. Centers for Disease Control and Prevention. Childhood Lead Poisoning Prevention Program. Available at: http://www.cdc.gov/nceh/lead/
lead.htm. Accessed October, 2002.
82. Byers RK, Lord EE. Late effects of lead poisoning on mental development. Am J Dis Child 1943;66:471– 494.
83. Bellinger DC, Stiles KM, Needleman HL. Low-level lead exposure,
intelligence and academic achievement: a long-term follow-up study.
Pediatrics 1992;90:855.
84. de Silva PE, Christophers AJ. Lead level and children’s intelligence:
do low levels of lead in blood cause mental deficit? J Pediatr Child
Health 1997;33:12–17.
85. Tong S. Lead exposure and cognitive development: persistence and a
dynamic pattern. J Pediatr Child Health 1998;34:114 –118.
86. Mendelsohn AL, Dreyer BP, Fierman AH, et al. Low-level lead exposure and cognitive development in early childhood. J Dev Behav Pediatr 1999;20:425– 431.
87. Lamphear BP, Dietrich K, Auinger P, Cox C. Cognitive deficits associated with blood lead concentrations ⬍ 10 microg/dL in US children
and adolescents. Pub Health Rep 2000;115:521–529.
88. Lewendon G, Kinra S, Nelder R, Cronin T. Should children with developmental and behavioral problems be routinely screened for lead?
Arch Dis Child 2001;85:286 –288.
89. Kahn CA, Kelly PC, Walker Jr WO. Lead screening in children with
attention deficit hyperactivity disorder and developmental delay. Clin
Pediatr 1995;34:498 –501.
90. Guide to clinical preventive services. Screening for elevated lead levels
in childhood and pregnancy. 2nd ed. Baltimore: Williams & Wilkins,
1996;247–267.
91. Screening children for lead exposure in Canada. Ottawa, Canada:
Health Canada, 1994;268 –288.
92. American Academy of Pediatrics. Screening for elevated blood lead levels.
American Academy of Pediatrics Committee on Environmental Health.
Pediatrics 1998;101:1072–1078.
93. Tarim OF, Yordam N. Congenital hypothyroidism in Turkey: a retrospective evaluation of 1000 cases. Turk J Pediatr 1992;34:197–202.
94. Illicki A, Larsson A. Psychomotor development of children with congenital hypothyroidism diagnosed by neonatal screening. Acta Paediatr Scand 1988;77:142–147.
95. Willi SM, Moshang Jr T. Results of screening tests for congenital
hypothyroidism. Pediatr Clin North Am 1991;38:555–566.
96. Al-Qudah AA. Screening for congenital hypothyroidism in cognitively
delayed children. Ann Trop Pediatr 1998;18:285–288.
97. Yaqub BA. Subacute sclerosing panencephalities (SSPE): early diagnosis, prognostic factors and natural history. J Neurol Sci 1996;139:
227–234.
98. Franceschetti S, Antozzi C, Binelli S, et al. Progressive myoclonus
epilepsies: an electroclinical, biochemical, morphological and molecular genetic study of 17 cases. Acta Neurol Scand 1993;87:219 –223.
99. Echenne B, Cheminal R, Rivier F, Negre C, Touchon J, Billiard M.
Epileptic electroencephalographic abnormalities and developmental
dysphasias: a study of 32 patients. Brain Dev 1992;14:216 –225.
100. Sheth RD. Electroencephalogram in developmental delay: specific electroclinical syndromes. Semin Pediatr Neurol 1998;5:45–51.
101. Moeschler JB, Bennett FC, Cromwell LD. Use of the CT scan in the
medical evaluation of the mentally retarded child. J Pediatr 1981;98:
63– 65.
102. Lingam S, Read S, Holland IM, Wilson J, Brett EM, Hoare RD. Value
of computerized tomography in children with non-specific mental subnormality. Arch Dis Child 1982;57:381–383.

380

NEUROLOGY 60

February (1 of 2) 2003

103. Schouman-Claeys E, Picard A, Lalande G, et al. Contribution of computed tomography in the aetiology and prognosis of cerebral palsy in
children. Br J Radiol 1989;62:248 –252.
104. Kolawole TM, Patel PJ, Mahdi AH. Computed tomographic (CT)
scans in cerebral palsy (CP). Pediatr Radiol 1989;20:23–27.
105. Bouhadiba Z, Dacher J, Monroc M, Vanhulle C, Menard JF, Kalifa G.
MRI of the brain in the evaluation of children with developmental
delay. J Radiol 2000;81:870 – 873.
106. Truwit CL, Barkovich AJ, Koch TK, Ferriero DM. Cerebral palsy: MR
findings in 40 patients. AJNR Am J Neuroradiol 1992;13:67–78.
107. Van Bogaert P, Baleriaux D, Christophe C, Szliwowski HB. MRI of
patients with cerebral palsy and normal CT scan. Neuroradiology
1992;34:52–56.
108. Gabrielli O, Salvolini U, Coppa GV, et al. Magnetic resonance imagining in the malformative syndromes with mental retardation. Pediatr
Radiol 1990;21:16 –19.
109. Yokochi K, Aiba K, Horie M, et al. Magnetic resonance imaging in
children with spastic diplegia: correlation with the severity of their
motor and mental abnormality. Dev Med Child Neurol 1991;33:18 –25.
110. Routine preschool screening for visual and hearing problems. Canadian guide to clinical preventive health care. Ottawa: Health Canada,
1994;298 –304. From the National Guideline Clearinghouse. Available
at: http://www.guideline.gov/index.asp. Accessed October, 2002.
111. Guide to clinical preventive services. Screening for visual impairment.
2nd ed. Baltimore: Williams & Wilkins, 1996;373–382. From the National Guideline Clearinghouse. Available at: http://www.guideline.gov/index.asp. Accessed October, 2002.
112. American Academy of Ophthalmology. Pediatric eye evaluations.
1997. From the National Guideline Clearinghouse. Available at: http://
www.guideline.gov/index.asp. Accessed October, 2002.
113. Early identification of hearing impairment in infants and young children. NIH Consensus Statement 1993, Mar 1–3;11(1):1–24. Bethesda:
National Institute on Deafness and Other Communication Disorders
(NIDCD), 1997. From the National Guideline Clearinghouse. Available at: http://www.guideline.gov/index.asp. Accessed October, 2002.
114. Menacker SJ. Visual function in children with developmental disabilities. Pediatr Clin North Am 1993;40:659 – 674.
115. Folsom RC, Diefendorf AO. Physiologic and behavioral approaches to
pediatric hearing assessment. Pediatr Clin North Am 1999;46:
107–120.
116. Warburg M. Visual impairment among people with developmental
delay. J Intellect Disabil Res 1994;38:423– 432.
117. Bachman JA, Bachman WG, Franzel AS, Marcuss MC. Preteaching
developmentally delayed preschoolers to aid vision screening. Optom
Vis Sci 1994;71:713–716.
118. Kwok SK, Ho PC, Chan AK, Gandhi SR, Lam DS. Ocular defects in
children and adolescents with severe mental deficiency. J Intellect
Disabil Res 1996;40:330 –335.
119. Williamson WD, Desmond MM, Andrew LP, Hicks RN. Visually impaired infants in the 1980s: a survey of etiologic factors and additional
handicapping conditions in a school population. Clin Pediatr 1987;26:
241–244.
120. Haggard M. Screening children’s hearing. Br J Audiol 1992;26:
209 –215.
121. Rupa V. Dilemmas in auditory assessment of developmentally retarded children using behavioural observation audiometry and brain
stem evoked response audiometry. J Laryngol Otol 1995;109:605– 609.
122. Richardson MP, Williamson TJ, Lenton SW, Tarlow MJ, Rudd PT. Otoacoustic emissions as a screening test for hearing impairment in children.
Arch Dis Child 1995;72:294 –297.
123. Vohr BR, Carty LM, Moore PE, Letourneau K. The Rhode Island
Hearing Assessment Program: experience with statewide hearing
screening. J Pediatr 1998;133:353–357.

Practice parameter: Evaluation of the child with global developmental delay: Report of
the Quality Standards Subcommittee of the American Academy of Neurology and The
Practice Committee of the Child Neurology Society
M. Shevell, S. Ashwal, D. Donley, et al.
Neurology 2003;60;367-380
DOI 10.1212/01.WNL.0000031431.81555.16
This information is current as of February 11, 2003
Updated Information &
Services

including high resolution figures, can be found at:
http://n.neurology.org/content/60/3/367.full

References

This article cites 95 articles, 20 of which you can access for free at:
http://n.neurology.org/content/60/3/367.full#ref-list-1

Citations

This article has been cited by 36 HighWire-hosted articles:
http://n.neurology.org/content/60/3/367.full##otherarticles

Subspecialty Collections

This article, along with others on similar topics, appears in the
following collection(s):
All Pediatric
http://n.neurology.org/cgi/collection/all_pediatric
Developmental disorders
http://n.neurology.org/cgi/collection/developmental_disorders

Permissions & Licensing

Information about reproducing this article in parts (figures,tables) or in
its entirety can be found online at:
http://www.neurology.org/about/about_the_journal#permissions

Reprints

Information about ordering reprints can be found online:
http://n.neurology.org/subscribers/advertise

Neurology ® is the official journal of the American Academy of Neurology. Published continuously since
1951, it is now a weekly with 48 issues per year. Copyright . All rights reserved. Print ISSN: 0028-3878.
Online ISSN: 1526-632X.

