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a clinical presentation that has a heterogeneous eti-
ologic profile and is associated with age-specific defi-
cits 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 norm-
referenced 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 chil-
dren when IQ testing is more valid and reliable.*!?

A child with the clinical picture of global develop-
mental delay is not necessarily destined to be men-
tally retarded. Infants and children may have global
developmental delay owing to conditions such as ce-
rebral palsy, certain neuromuscular disorders, and
other conditions such as early environmental depri-
vation, yet when they are old enough to measure
cognitive level they do not score in the mentally re-
tarded range. The diagnosis of mental retardation,
according to the American Association of Mental Re-
tardation® and the Diagnostic and Statistical Man-
ual of Mental Disorders, 4th ed., text revision,!
requires accurate and valid assessment of intelli-
gence, which is generally not possible in infants and
young children® in addition to deficits in adaptive
function. Available valid instruments for assessing
intelligence (such as the Stanford-Binet or Wechsle
Preschool Primary Scale of Intelligence) are not g
erally applicable under age 3 years.'?

The precise prevalence of global developm
lay is unknown. Estimates of 1% to 3%
younger than 5 years are reasonable giv,

Based on approximately 4 million an
United States and Canada,
120,000 children born each yes
will manifest global developm€
Developmental surveillance 1§ffecognized as an in-
tegral component of pediatric care Professional or-
ganizations dedicated to the medical care of children
recommend routine monitoring of a child’s develop-
mental progress.'>!¢ Formal screening, together with
reliance on parental reporting measures, constitutes
the primary means by which children with global
developmental delay are identified.'” In addition,
children possessing either biologic or social risk fac-
tors for later developmental delay are often targeted
through specific follow-up programs that incorporate
routine periodic assessments evaluating develop-
mental performance.’® Environmental influences
such as culture, parental skills, neglect, and opportu-
nity may modify the cause’s expression as well as the
detection and diagnosis of global developmental de-
lay. Accumulating evidence also demonstrates the
benefits of early intervention through a variety of
programs (e.g., Head Start) with respect to short-
term outcomes' and suggests that early diagnosis of
a child with global delay may improve outcome.
Initial screening is important not only in identify-

368 NEUROLOGY 60 February (1 of 2) 2003

Ipu ation characteristics, severity of delay in the

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. Previ-
ous parameters have reviewed the evaluation of chil-
dren and adolescents with language disorders?® and
autistic spectrum disorders.?!

Identification of a globally delayed young child by
routine pediatric screening in the first years of life
mandates a careful search for an underlying etiolo-
gy.?2 This search is usually initiated by the primary
care physician and frequently requires referral to
either a child neurologist or developmental pediatri-
cian.”? 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 recur-
rence, and implementation of prevention pro-
grams.”1424
affected fa

ildren studied, extent of diagnostic investigations,
and technological advances over time, especially

ith respect to genetic and neuroimaging tech-
niques. Considerable uncertainty exists among prac-
titioners evaluating young children with global
developmental delay with respect to the appropriate
extent of laboratory investigations and referral for
ancillary services.?*3%3! 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.”2%2°

This practice parameter reviews available evi-
dence 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 Min-
nesota Biomedical Information Services for relevant ar-
ticles published from 1980 to 2000. Databases searched
included MEDLINE, Healthstar, ERIC, and CI-
NAHL. Depending on the particular diagnostic test/
ancillary service of interest, key words/phrases
included the following: mental retardation, develop-
mental delay, developmental disability, neurodevel-



opmental delay, physical therapy, occupational
therapy, speech therapy, audiology, ophthalmology,
and psychometric evaluation. Searches were re-
stricted to the English language under the subhead-
ing of infant and child.

Individual committee members reviewed titles
and abstracts so identified for content and relevance.
Articles dealing with investigations in developmen-
tal 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 mem-
bers. A bibliography of the 160 articles identified and
reviewed for preparation of this parameter is avail-
able at the American Academy of Neurology website
(http://www.aan.com/). Relevant position papers
were also sought from professional organizations, in-
cluding the consensus statement of the American
College of Medical Genetics on the evaluation of
mental retardation.3?

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 spe-
cific recommendations could be made, and if so, the
level of strength of these recommendations (Appendix

by the committee’s evidenced-based recomme
are presented. The committee selected a val
a clinically meaningful cutoff point for dia;

1% should be considered.

What is the diagnostic yiela
tnvestigations in children witl
delay? Evidence. Laboratory in
to the possible ascertainment of an
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 institu-
tionalized populations of individuals with presumed
significant global developmental delay or mental retar-
dation.?*%> A diagnostic yield of 0.6%%** and 1.3%°> 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.?® 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

Results (% patients with abnormal

Reference  Class N screening)

33 11 151 26% for mild delay; 77% for severe
delay; genetic etiology in 28%,
5% were metabolic disorders

34 111 1,087  0.6%; standardized biochemical
screening

35 111 1,568  1.3%; standardized biochemical
screening

7 III 60 63% with all testing but less than
1% for metabolic testing

36 111 281 <5%; nonstandardized evaluation;
etiologic yield of 72% for whole
group

28 II1 99 <5% even on an indicated basis

37 III 118 13.6% using stepwise rather than

routine screening protocol

gpulation. A class III study from
study of heterogeneous North

the diagnostic yield for metabolic test-
1% even Within the context of a history

ield of less than 5% even on an indicated (i.e., family
istory, parental consanguinity) basis.?® Typically met-
abolic screening in these studies involved amino and
organic acids together with a determination of serum
ammonia and lactate levels.

Neonatal screening programs for metabolic disor-
ders (varying in testing but typically involving amino
and organic acids and thyroid function) identify in-
fants with conditions that are associated with global
developmental delay.?? 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 popula-
tion done later in life. The advent of tandem mass
spectrometry has further increased the yield of neo-
natal screening programs (i.e., universal newborn
screening).?%4° 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 metab-
olism have other symptoms (e.g., failure to thrive,
developmental regression, episodic decompensation)
or physical findings (e.g., hepatosplenomegaly,
coarse facial features) that prompt diagnostic test-
ing, making the likelihood of not diagnosing a treat-
able condition presenting just with symptoms of
global developmental delay quite low.?2%> In addition,
nonspecific and nondiagnostic abnormalities are fre-
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quently found when routine metabolic screening is
performed and often lead to additional extensive and
expensive laboratory testing.??

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.?? Using this approach, tests would be or-
dered 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 rou-
tine screening approach. This study found a diagnos-
tic yield of 13.6%, which is much higher than that
reported using routine screening of all patients with
undiagnosed global developmental delay.?” 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 iso-
lated populations or if there are clinical indicators,
increase up to 5%. When stepwise screening is
formed the yield may increase to about 14%.

Cytogenetic studies. Six class III studie
top) have addressed the yield of cytoge

A%, 7.1%,%
7% and some of
the more common cytogenetic abnérmalities found
included Down syndrome, sex chromosome aneu-
ploidies (47, XXY), fragile X syndrome, and unbal-
anced translocations/deletion syndromes. In one of
these studies, the presence of two or more dysmor-
phic features was associated with a higher yield of
cytogenetic abnormalities (20%).42 One of these class
IIT studies?® 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%* and
10%" 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.3?
Fragile X studies. Fragile X syndrome, due to a
mutation of the FMRI1 gene, represents the most
common inherited disorder causing global develop-
mental delay and merits special diagnostic attention.
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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

41 111 2,757  2.93% (2.61% also had FraX)
42 111 256 3.9%

43 111 274 4.7% (9.1% also had FraX)
44 111 166 5.4%

28 111 99 7.1%

29 111 120 11.6% (2.3% also had FraX)
7 v 60 10%

45 v 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 0% females with FraX
49 0% females with FraX
50 0.3% females with FraX
51 3.9% females with FraX
5 4.0% females with FraX
II 194 4.1% females with FraX
35 11.4% females with FraX
111 103 3.9% FraX
6 v 4,940 5.3% FraX

* For references 7, 28, 29, and 41-45 (top of table), % of patients
ith 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), intermedi-
ate (41 to 60 repeats), premutation (61 to 200 re-
peats), and full mutation (>200 to 230 repeats).
Prevalence of the full mutation associated with de-
velopmental 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.*®

Table 2 summarizes data on clinical studies re-
lated to the prevalence of fragile X syndrome. Two
class III studies totaling 2,877 patients with undiag-
nosed developmental delay found incidences of
FMRI1 mutations in 2.3%% and 2.61%*' of these pop-
ulations. One class IV comprehensive analysis of 16
studies evaluating 4,940 males with mental retarda-
tion and/or autistic features found a pooled average
incidence of 5.3% for fragile X syndrome using older
methods of laboratory study.’® 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.*
Pooled data (see table 2, bottom) from seven studies
involving 785 females with varying degrees of men-
tal retardation found an incidence of the fragile X
mutation of 2.5%.4%5* In a more recent study of 2,757
individuals with mental retardation, 2.6% had frag-
ile X mutations and one-third of these individuals
were female.*! 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.5”

Molecular screening of the FMR1 gene in a popu-
lation of individuals derived from residential institu-
tions, 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).*” In this study, utilizing a simple seven-
item 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 men-
tal 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 prese
tion increased the efficiency of molecular testi
males to a 7.6% yield.

Testing for Rett syndrome.
rently believed to be one of the leading c
developmental delay/mental retardati
and is caused by mutations in the X-1i
ing methyl-CpG-binding protein
80% of patients with Rett syndu
tations; however, MECP2 mu?
clinical features of this disorderqPatients with classic
Rett syndrome appear to develop nogmally until 6 to 18
months of age, then gradually lose speech and purpose-
ful hand use, and develop abnormal deceleration of
head growth that may lead to microcephaly. Seizures,
autistic-like behavior, ataxia, intermittent hyperventi-
lation, and stereotypic hand movements occur in most
patients. The prevalence of Rett syndrome in the gen-
eral population is approximately 1 to 3 individuals per
10,000 live births®-¢ and it has been estimated that
there are approximately 10,000 individuals in the
United States with this disorder.?? In institutionalized
individuals with mental retardation, the incidence has
been estimated at 2.5%.5% Rett syndrome was initially
believed to occur primarily in females with severe de-
velopmental delay. Recent studies have shown that
milder forms of this disorder occur in females and that
males with more severe global delay have features sim-
ilar to Rett syndrome seen in females.’¥%* 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 rear-
rangements has been shown in a number of recent
studies. Following an initial report®® that up to 6% of
children with moderate to severe developmental de-
lay 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.6¢5” Data
from 11 class I and II studies involving 1,952 chil-
dren are summarized in table 3.

Nine studies used fluorescence in situ hybridiza-
tion (FISH) of subtelomeric probes to detect chromo-
somal rearrangements®8-7%-727478 and two studies used
microsatellite markers.”>’® The latter approach is
able to detect uniparental disomy (inheritance of
both copies of one chromosome from the same par-
ent). However, this technique makes only a small
contribution (0.7%) to the etiology of idiopathic de-

alities in control patients raises the possibility that
agproportion of these abnormalities may not be the
ause of mental retardation. In most cases this has
en excluded by investigating the parents and ob-
serving whether the chromosomal anomaly segre-
gates with the developmental delay.

Diagnostic yield in detecting subtelomeric chromo-
somal rearrangements may also be improved by se-
lective screening. In a study of 29 patients with
subtelomeric abnormalities, it was demonstrated
that a five-item checklist (family history of develop-
mental delay, prenatal onset of growth retardation,
presence of two or more facial dysmorphic features,
postnatal growth abnormalities [micro or macroceph-
aly, short or tall stature], and nonfacial and congen-
ital abnormalities) increased the diagnostic yield.”

Conclusions. The accumulated data suggest that
cytogenetic studies will be abnormal in 3.7% of chil-
dren 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 fe-
males), 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 test-
ing 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 develop-
mental delay in females.?® Although milder variants
in females and more severe phenotypes in males re-
cently have been recognized, estimates of their prev-
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Table 3 Subtelomeric probe testing in children with global developmental delay

Level of mental

No. (%) of patients with significant

Reference Class retardation N rearrangements
68 I Controls 75 0
Mild 182 1(0.55)
Moderate/severe 284 21 (7.39)
69 I Controls 150% 0
Unspecified 61 0
Mild 82 0
Moderate/severe 46 0
70 11 Unspecified 27 2(7.4)
71 II Moderate/severe 29 27 (6.89)
72 II 1Q < 60 254 13*(5.12)
73 1I Unspecified 120 5(4.17)
74 I Mild 44 0
Moderate/severe 117 13 (11.11)
75 I Mild 42 0
Moderate/severe 28 1(3.57)
76 11 Unspecified 50 3(6.0)
77 I Mild 3(10.3)
Moderate/severe 7(8.5)
78 11 Unspecified 9(3.6)

Abnormalities were classified as significant if there was evidence th
to be a polymorphism devoid of phenotypic consequences.

* Two patients had nonsignificant rearrangements.
T One additional patient had uniparental disomy.

screening for inborn errors of metabolism is not
indicated in the initial evaluation of a child with
global developmental delay provided that univer-
sal newborn screening was performed and the re-
sults are available for review. Metabolic testing
may be pursued in the context of historical (pa-
rental consanguinity, family history, developmen-

tal 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 per-
formed, if it is uncertain whether a patient had
testing, or if the results are unavailable, meta-
bolic screening should be obtained in a child with
global developmental delay.

. Routine cytogenetic testing (yield of 3.7%) is indi-

cated in the evaluation of the child with develop-
mental delay even in the absence of dysmorphic
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fardation and nonsignificant when they appeared

features or clinical features suggestive of a spe-
cific syndrome (Level B; class II and III evidence).

. 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 developmen-
tal 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, fe-
males are frequently affected and may also be
considered for testing. Because siblings of frag-
ile X patients are at greater risk to be symp-
tomatic or asymptomatic carriers, they can also
be screened (Level B; class II and class III
evidence).

. The diagnosis of Rett syndrome should be consid-

ered in females with unexplained moderate to se-
vere mental retardation. If clinically indicated,
testing for the MECP2 gene deletion may be ob-
tained. Insufficient evidence exists to recommend
testing of females with milder clinical phenotypes
or males with moderate or severe developmental
delay (Level B; class I and class III evidence).

5. In children with unexplained moderate or severe



developmental delay, additional testing using
newer molecular techniques (e.g., FISH, microsat-
ellite markers) to assess for subtelomeric chromo-
somal rearrangements (6.6%) may be considered
(Level B; class IT 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 envi-
ronmental neurotoxin. Studies over the past several
decades have shown a relation between marked ele-
vations in serum lead levels, clinical symptoms, and
cognitive deficits (but not definitively mental retar-
dation), which prompted extensive efforts to reduce
exposure to environmental lead.®® As a result, aver-
age blood lead levels in the United States have fallen
dramatically from 15 pg/dL in the 1970s to 2.7 pg/dL
in 1991 through 1994.%! It is estimated that there are
still about 900,000 children in the United States be-
tween the ages of 1 and 5 years who may have blood
lead levels equal to or greater than 10 wg/dL.

Because of these low lead levels and the environ-
mental 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 1IQ score of 19
children with lead poisoning was 92 = 10.5, values
that would not fall within the range of
retardation.s?

Low-level lead exposure remains possi

3 points.? However, the relation an
cance of mildly elevated but ne
those that do not require
developmental status remai eSia
cohort of young children (age 0 36 months) iden-
tified on routine screening at an Wsban public hospi-
tal, elevated lead levels (10 to 25 pg/dL) resulted in a
6.2-point decline in scores on the Mental Develop-
mental Index when compared to children with lead
levels below 10 pg/dL (class II study).®® In a study of
data drawn from the Third National Health and Nu-
trition Examination Survey (NHANES III), an in-
verse relation between blood lead concentration at
subtoxic levels and scores on four measures of cogni-
tive functioning was demonstrated (class III study).®”
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 concentra-
tions was demonstrated, with 12% of the sample pos-
sessing a concentration greater than 10 pg/dL (class
II study).®® 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 con-
trols (class II study).®®

Current consensus guidelines with respect to lead
testing in children recommend a strategy of targeted
screening of all children with identifiable risk
factors.?>*? These risk factors emphasize potential
sources of environmental exposure and socioeco-
nomic disadvantage. Developmental delay alone is
not presently recognized as a risk factor within these
guidelines. Targeted (rather than universal) screen-
ing is recommended in communities where <12% of
children have blood lead levels >10 pg/dL or where
<27% of houses were built before 1950.°2 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 k remedies, children who have
adopted) from countries where
lent, children with iron defi-

to lead (vocationally, avocationally, or
e renovation), and children of low-income

hyroid screening: evidence. Unrecognized con-

nital hypothyroidism is a potentially treatable
cause of later developmental delay. Delay in diagno-
sis and treatment beyond the newborn period and
early infancy has been clearly linked to later, often
substantial, neurodevelopmental sequelae.?® Imple-
mentation of newborn screening programs has been
extremely successful in eliminating such sequelae,
with very few cases reported in which the diagnosis
was not established.**®> 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).”® Many of these children also
had prominent systemic symptoms.

Conclusions. Low-level lead poisoning is associ-
ated 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 expo-
sure may have an elevated lead level. In the absence
of systematic newborn screening, congenital hypo-
thyroidism 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 envi-
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ronmental lead exposure as per established cur-
rent guidelines (Level B; class II evidence).

2. In the setting of existing newborn screening pro-
grams for congenital hypothyroidism, screening of
children with developmental delay with thyroid
function studies is not indicated unless there are
systemic features suggestive of thyroid dysfunc-
tion (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 dis-
orders 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 ma-
jority of articles on EEG and global developmental
delay are class IV studies on small cohorts of chil-
dren with an already established diagnosis (e.g., sub-
acute sclerosing panencephalitis®” or progressive
myoclonic epilepsy®®) that is often a progressive en-
cephalopathy 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.?®*? In one study, the EEG did not contrib-
ute to determining the etiology of developmental de-
lay.?® 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 ge
ized epilepsy, 3; partial symptomatic epilepsy

ready had overt seizures and a reco
for which an abnormal EEG result 4

significant developmental dyspk 5!

specific epileptic abnormalitié 82 children
(40.6%), a finding of unclear etiglogic significance.
A retrospective class IV study of60 children with
global developmental delay, 83% of whom had EEG,
yielded an etiologic diagnosis based on the EEG re-
sults in 2.0% of the cohort (specifically one child with
ESES—electrographic status epilepticus during slow
wave sleep).” Although the yield on routine testing is
negligible, if there is a suspected epileptic syndrome
that is already apparent from the history and physi-
cal examination (e.g., Lennox-Gastaut syndrome,
myoclonic epilepsy, Rett syndrome), the EEG has
confirmatory value.?%10

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 etio-
logic 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
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Table 4 Neuroimaging studies in children with global
developmental delay

Results (% patients with

Reference Class N abnormal studies)

7 111 60 31.4% (CT, a few had MRI)

28 111 99 27% (CT); 41.2% when done on
an indicated basis vs 13.9%
when on a screening basis

100 111 23 4.3% (CT)

101 111 76 27.6% (CT) with 71.4% of these
with nonspecific atrophy

102 III 37 81% (CT)

103 111 79 63% (CT)

45 v 170 30% (CT); 65.5% (MRI); 19/29
patients who had MRI
showed an abnormality

104 11 224 48.6% (MRI)

105 92.5% (MRI)

106

0
3 100% (MRI) but small number
of patients

3

107

III 4
v
108 @:: 21

specific epileptic syndrome (Level C; class IIT and
IV evidence).

2. Data are insufficient to permit making a recom-
mendation 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).

100% (MRI) but small number
of patients

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

What is the diagnostic yield of neuroimaging in
children with global developmental delay? Evi-
dence. Advances in neuroimaging have had a sig-
nificant 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). Al-
though early studies (1981, 1982) did not appear to
justify CT imaging on a widespread screening ba-
sis,101:192 more recent studies suggest that about one-
third of children will have abnormalities that likely
explain their developmental disorder. Three class III
studies totaling 329 children with global develop-
mental delay, utilizing CT in almost all patients and
MRI in a small sample, found a specific cause in
31.4%," 27%,?® and 30%* of children. In one of these
studies, the yield on neuroimaging when done on an
indicated basis (e.g., microcephaly, focal motor find-
ings) was almost threefold greater than when done
on a screening basis (41.2% vs 13.9%).2®6 Two addi-
tional class III retrospective studies of 196 children



found that physical examination findings consistent
with cerebral palsy together with global developmen-
tal 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.'> These included nervous system malforma-
tions (n = 55); cerebral atrophy (12); white matter
disease, delayed myelination, or other white matter
abnormalities (42); postischemic lesions (10); wid-
ened 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.** 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 IIT retrospective study of 40 children'® and a
retrospective class IV small case series involving three
children.’” MRI is also more sensitive for the detection
of specific cerebral malformations'® and the degree of
white matter abnormality observed on MRI also ap-
pears to correlate with the degree of cognitive disability
in one class III study of children with spastic
diplegia.'®®

Conclusions. Available data primarily fro
IIT studies show that CT contributes to the
diagnosis of global developmental delay i
mately 30% of children, with the yield 4
physical examination findings are
more sensitive than CT, with abnor
48.6% to 65.5% of children with gleb
chance of detecting an abng
physical abnormalities, part
are present.

Recommendations.

erebral palsy,

1. Neuroimaging is recommended as part of the di-
agnostic evaluation of the child with global devel-
opmental delay (Level B; class III evidence). As
the presence of physical findings (e.g., microceph-
aly, focal motor findings) increases the yield of
making a specific neuroimaging diagnosis, physi-
cians 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 chil-
dren with global developmental delay? In the past
decade, guidelines for vision''®!'? and hearing''?
screening in infants and children have been proposed
and methods of assessment of these modalities
havealso been refined.''*!> It is suspected that chil-
dren with global developmental delay are at greater

risk to have vision and/or auditory sensory impair-
ments and evaluation for such impairments is an
important component of the initial management of
the child with global developmental delay. These im-
pairments interfere with developmental progress or
rehabilitation effects. Often these impairments are
correctable and their correction may improve devel-
opmental outcome. Detection of a specific type of sen-
sory 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 with-
out disabilities.’'¢ In two class III studies totaling
365 children with global developmental delay, abnor-
malities on vision screening were found in 13%'" to
25%'® of children. Refractive errors (24%), strabis-
mus (8%), and a number of organic ocular diseases
(8%) were also detected in one of these reports.''®
Supporting these findings is a class IV retrospective

developmental disability among in-
yndromes featuring significant sen-

global developmental delay and may be the
It of a hearing loss, audiologic testing is often
ertaken. Children with global developmental de-
y are at higher risk for hearing loss.'?* In one class
IIT study of 260 children with severe global develop-
mental delay in whom vision and audiologic screen-
ing were performed, 18% of children were found to be
deaf.’® Another class III study involving 96 children
with global developmental delay and clinically sus-
pected hearing loss found that 91% had hearing loss
as detected by behavioral audiometry or brainstem
auditory evoked response testing.?!

The feasibility of utilizing transient evoked oto-
acoustic emissions, compared to standard audiome-
try, to screen for hearing impairment in children has
been demonstrated (class II study).'?? 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 man-
dated 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 popula-
tion not amenable to audiometric testing (class II
study).1??

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.
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EVALUATION OF THE CHILD WITH
GLOBAL DEVELOPMENTAL DELAY (GDD)

'

L=

Obtain a detailed history and examination

Refer for auditory and ophthalmologic screening

Consider metabolic studies/T4 if universal newborn screening not done.
If history of suspected seizures or epilepsy syndrome, obtain EEG
Consider screening for autism or a language disorder

v

B. Unexplained GDD?

Is there a close family member with GDD (e.g., sibling, aunt/uncle, and first cousin):
A. Due to a known metabolic, genetic or structural nervous system disorder?

A/B-----Yes

A/B-—4--No
Y

A. Obtain specific tests
for that disorder

B. Obtain cytogenetic
screen and consider
testing for

If tests
are (-)

A

hypothyroidism?

Are there features suggesting a specific diagnosis?
A. Are there historical or physical findings (e.g. dysmorphic features) to suggest

Down, Fragile X, or Rett syndrome, other genetic disorders, or

B. Are there historical (intrapartum 2

subtelomeric (microcephaly, cerebral palsy, fo€a or focal seizures to suggest CNS
rearrangements injury or malformation?
C. Does the child have any idg ors for excessive environmental
; pguidelines?
ntal milestones, history of parental
of a child or multiple miscarriages?
No
v
A B C
v v v Comprehensive Stepwise evaluation:
evaluation with: 1.MRI
Specific MRI .MRI 2.Cytogenetic screen/ FraX
tests for preferred 2.Metabolic testing 3.Metabolic testing
that to 3.EEG 4.Test for subtelomeric
disorder CT scan 4.Cytogenetic screen rearrangements
5.Genetics consultation 5.Test for Rett syndrome

Figure. Algorithm for the evaluati

rec

ommended in all children with glo

the child with developmental delay. Audiologic and ophthalmologic screening is
developmental delay. Metabolic studies usually consist of obtaining a urine or-

ganic acid screen, quantitative serum amino acids, serum lactate and ammonia levels, capillary or arterial blood gas,
and thyroid function studies.
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Recommendations.

. Children with global developmental delay may

undergo appropriate vision and audiometric as-
sessment at the time of their diagnosis (Level C;
class III evidence).

. Vision assessment can include vision screening

and a full ophthalmologic examination (visual acu-
ity, extra-oculo-movements, funduscopic) (Level C;
class III evidence).

. Audiometric assessment can include behavioral

audiometry or brainstem auditory evoked re-
sponse testing when feasible (Level C; class III
evidence). Early evidence from screening studies
suggests that transient evoked otoacoustic emis-
sions 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 develop-
mental delay. Although there is insufficient evi-
dence 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 consensus-
based schedule of testing as outlined in the algo-
rithm (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 studiest
Routine cytogenetic 3.7
studies
Subtelomeric deletion 6.6
Fragile X screen 2.6
MECP2 Unknown
Metabolic testing ~1

Thyroid screen Near 0 if UNS; ~4 if no UNS

(serum TSH, T4)
Serum lead level
EEG (routine) ~1

Unknown

Based on data from studies listed in table 4,* tables 2 and 3,7}
and table 1.%

I 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 bor

screening metabolic evaluation includin
blood gas, serum lactate and ammonia
amino acids and urine organic aci
function studies (T4 and thyroid

consider an EEG. In addition,“§€reening for autism
or a language disorder should béQeonsidered in any
child presenting with GDD. If there is a family his-
tory 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 test-
ing (which may include testing for subtelomeric rear-
rangements) may be obtained.

In the absence of a familial history of global devel-
opmental delay, specific historical or physical find-
ings can be utilized to direct testing. Observed
dysmorphic features may prompt specific testing for
such entities as Down syndrome (karyotype), fragile
X (FMRI1), Rett syndrome (MECP2), Prader-Willi/
Angelman (FISH), or hypothyroidism. Historical docu-
mentation 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

to CT). Risk factors for lead exposure or findings sug-
gestive of lead intoxication mandate lead screening.

Parental consanguinity, documentation of loss or re-
gression 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 stud-
ies, EEG, cytogenetic studies, and genetic and ophthal-
mologic 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 neuroimag-
ing (MRI preferred) and cytogenetic and fragile X
screening. If these tests are negative, consideration
may be given to metabolic evaluation, testing for subte-
lomeric rearrangements, and genetic consultation.

Future research

delay including control subjects.
include newer molecular genetic and

ing of specific evaluation paradigms

e possible.

Features (i.e., markers) present on the history

d 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 jus-
tify testing as well as at what age the yield from
testing will be optimal.

4. Alternative strategies of conducting testing simul-
taneously or sequentially need to be critically as-
sessed. 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 character-
ize 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 re-
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ducing parental concerns related to determining a ~ Appendix 3
specific etiology and by providing important infor-
mation regarding prognosis, genetic counseling,

AAN system for translation of evidence to recommendations

alleviation of parental anxiety, and planning fu-  T.anglation of evidence to
ture educational and treatment needs. recommendations Rating of recommendations
. . . . . Level A rating requires at least A = Established as useful/
Disclaimer. This statement is provided as an edu- one convincing class I study predictive or not useful/
cational service of the American Academy of Neurol- or at least two consistent, predictive for the given
. . . convincing class II studies condition in the specified
ogy. It is based on an assessment of current scientific population
and clinical information. It is not intended to include . .
. . Level B rating requires at least B = Probably useful/
all pOSSIble proper methods of care for a parthUIaT one convincing class II study predictive or not useful/
neurologic problem or all legitimate criteria for or overwhelming class 111 predictive for the given
. . . .. evidence condition in the specified
choosing to use a specific procedure. Neither is it population
intended to exclude any reasonable alternative . _ )

. . Level C rating requires at least C = Possibly useful/
methOdOIOgles- The American Academy of NeurOIOgy two convincing class II1 predictive or not useful/
recognizes that specific patient care decisions are the studies predictive for the given

t f th tient d th hvsici . condition in the specified
prerogative of the patient and the physician caring population
for the patient, based on all of the circumstances )
. U = Data inadequate or
involved. conflicting. Given current
knowledge, test, predictor is
unproven
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