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Summary The process of diagnosis of genetic syndromes in the newborn period is
carried out in the context of parental anxiety and the grief following an often-
unexpected outcome after a long pregnancy. The nursery staffs invariably have
a strong interest in giving the family proper information about prognosis. This
article is intended to focus on an approach to the diagnosis of genetic syndromes
and to discuss specific syndromes that may be seen with some frequency in the
nursery.
� 2005 Elsevier Ltd. All rights reserved.
A baby has just been born. The exhausted but
jubilant parents are finally able to see the result of
the previous 9 months of morning sickness, weight
gain and water retention. But instead of unmiti-
gated excitement and happiness, there is fear,
uncertainty and disbelief. The reaction of the
nurses and doctors has indicated that there is
a problem with the baby. What does it mean? Will
the baby be OK? What can be done to correct the
problem? It is in this context that syndrome
identification takes place. It is a very difficult time
for both the family and the medical staff. A rapid
diagnosis and treatment plan are desired, but this
is often not possible.

Although the initial evaluation can be performed
by the pediatrician or neonatologist, referral to
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a geneticist or genetics centre is essential at some
point in the diagnostic process. A diagnosis is not
the end of the process but merely the beginning.
Genetic counseling is a process whereby a con-
firmed or possible genetic condition is reviewed
with the family, and the etiology, natural history,
prognosis, treatment possibilities, risk of recur-
rence, potential for prenatal diagnosis and the
availability of pertinent reading materials and
support groups are discussed at length. The emo-
tional and psychological aspects of the situation
are also explored.1 This process usually takes
place over the course of several meetings with the
family.

This review covers a general approach to making
a diagnosis in a newborn with anomalies, and
describes some of the common syndromes one
encounters in the nursery. Several textbooks are
recommended for obtaining more information
about these syndromes.2e4
rved.

mailto:mark.lipson@kp.org
http://www.elsevierhealth.com/journals/siny


222 M.H. Lipson
Multiple congenital anomalies

Taking a detailed pregnancy history is essential e
it is the starting point of all evaluations of the
newborn. A pedigree is also very important. A
three-generation pedigree is usually obtained in
10e15 min and can be invaluable. Clues from the
type and pattern of anomalies or abnormal preg-
nancies in family members can point to a certain
type of inheritance pattern or chromosome prob-
lem. It is easier to identify this type of information
from a pedigree than from a series of family
history questions.

The physical examination focuses on describing
the birth defects and minor anomalies/dysmorphic
features. Determining which features are impor-
tant in syndrome identification is challenging.
Examining other family members or looking at
family photos can be very helpful in determining
whether a dysmorphic feature is a normal family
variant or a unique finding that may be part of
a syndrome.

Deciding on laboratory testing comes next. If
there are birth defects or significant unexplained
dysmorphic features, a chromosome study needs
to be undertaken. A satisfactory study is one that
has a minimum of about 550 bands. If a routine
chromosome study is normal, additional studies
may be considered necessary looking for submi-
croscopic abnormalities by a technique called
fluorescence in situ hybridisation (FISH).5 This
technique is based on the hybridisation of a piece
of labeled DNA, a probe, to a complementary area
on a chromosome. Specific probes are available for
each chromosome. Submicroscopic deletions or
rearrangements at the ends (telomeres) of the
chromosome, performed as a telomeric FISH study,
are a recognised cause of malformations.6

Obtaining plain X-rays are useful in more pre-
cisely evaluating anomalies of the extremities.
Certain anomalies are associated with defects in
other areas of the body and therefore require
evaluation. Examples are heart defects with thumb
anomalies (HolteOramsyndrome) and renal defects
and optic nerve coloboma (renalecoloboma syn-
drome).7 Cranial imaging for micro/macrocephaly
and hypo/hypertelorism is also recommended.

Where laboratory studies are normal and the
diagnosis is unclear, a review of the literature
and syndrome textbooks can be useful. Online
Mendelian Inheritance in Man (OMIM), an on-line
continuously updated catalog of human genes and
genetic disorders, is an extremely useful human
genetic resource. It is available free of charge.
Additionally, there are software dysmorphology
databases that can be purchased.
Down syndrome

In the past, this was the most common syndrome
identified in the newborn period, despite the
availability of chorionic villus sampling and amnio-
centesis for advanced maternal age. However, with
the advent of prenatal screening programs aimed at
detecting Down syndrome in the second and more
recently the first trimester, the incidence at birth of
Down syndrome has decreased. Due to false-nega-
tive testing and a significant number of women
choosing either not to have screening or not to have
amniocentesis after a positive screen, or choosing
to continue a pregnancy after amniocentesis makes
a definitive diagnosis, Down syndrome continues to
still be a condition commonly presenting in the
newborn period.

The condition is usually not hard to identify
(Fig. 1). However, if the newborn is premature,
particularly less than 34 weeks’ gestation, Down
syndrome may be difficult or nearly impossible to
suspect. The typical facial features of up-slanting
palpebral fissures, flat facies and small ears (less
than 3 cm in vertical length) are well known to
clinicians. In addition, the gestalt of the facial
expression when the child cries is particularly
a useful finding. The hands also give important
clues to the diagnosis. Fifth finger clinodactyly,
usually bilateral, is very frequent. Simian lines are
also common but are present in a significant
percentage of the general population. Significant
hypotonia may be the initial finding. The best-
known characteristic associated birth defects seen

Figure 1 Up-slant to palpebral fissures and low nasal
bridge in Down syndrome.
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in Down syndrome are duodenal atresia and atrio-
ventricular canal defects. Some form of congenital
heart defect is by far the most common associated
birth defect, with about 40% of patients being
affected. Less well-known defects include Hirsch-
sprung disease and congenital hypothyroidism. A
prenatal finding of mild dilatation of the cerebral
ventricular atria (10e11 mm) without overt hydro-
cephalus is not infrequent. Special growth charts
for Down syndrome patients are available, and the
American Academy of Pediatrics has published
health supervision guidelines.

The confirmatory diagnosis for Down syndrome is
a conventional chromosome study. Even in cases
where the diagnosis is obvious, it is important to do
the study. In about 95% of the cases (more with an
older mother), the Down syndrome baby will have
a standard non-dysjunction karyotype (47,C21).
Doing chromosome studies on the parents in such
cases are not necessary. The risk of recurrence in
non-dysjunction Down syndrome is about 1% for
younger women and is not increased above the
age-related Down syndrome risk for women in their
mid-30s and older.

Down syndrome will occasionally be due to
a translocation. A family history may be the first
clue if there is a history of other Down syndrome
offspring in the extended family. The usual situa-
tion is a Robertsonian translocation involving
a fusion chromosome 14 and 21 (46,t14/21), but
other combinations are possible. Chromosome
studies on the parents of a translocation Down
syndrome baby are very important for proper
genetic counseling. The risk of recurrence where
one of the parents carries a balanced translocation
ranges from less than 1% to as high as 10% based on
the type of translocation and the sex of the carrier
parent.8

A Down syndrome baby will occasionally be born
with a 21/21 translocation (46,t21/21). The pa-
rents in such a situation usually have normal
chromosomes, but rarely one of the parents will
have 45 chromosomes and a balanced 21/21 trans-
location. This is an uncommon situation in which
there will be a 100% risk for a child with Down
syndrome. The two possibilities at conception are
either Down syndrome or monosomy 21, which is
typically not compatible with live birth.

Essentially, all babies with trisomy 21 will be
mentally retarded, usually in the moderate range.
Severe mental retardation is not expected. The
chromosome study occasionally shows mosaicism.
Parents often ask about this, and if mosaicism is
present, they will ask whether the level of cognitive
skills will be higher. This is a hard question to
answer. If mosaicism is present, it will vary from
tissue to tissue. That is to say, although 30% of the
cells in the blood may be normal and 70% may be
trisomy 21, it cannot be predicted what the
percentage mix will be in the heart, kidney or,
most importantly, the brain. Given this uncertainty,
it is best to not predict a much better prognosis
based on mosaicism. Life expectancy, given access
to appropriate medical and surgical interventions,
is in the range of 50e60 or more years.

Trisomy 13 and 18

These chromosomal disorders are, like Down
syndrome, associated with advanced maternal
age. The incidence at birth has fallen over time
as second-trimester ultrasound screening in preg-
nancy has become more routine and affected
pregnancies terminated. Expanded alpha fetopro-
tein screening will detect many cases of trisomy 18
but does not identify trisomy 13. Continuation of
pregnancy after confirmation of these trisomies is
much rarer than with Down syndrome. Most fetuses
with these trisomies do not survive to delivery.
Multiple birth defects are common in both the
conditions but are much more frequent in trisomy
13 (Figs. 2 and 3). Some babies with trisomy 18
have little in the way of anomalies but may be small
for gestational age. The combination of growth
retardation and polyhydramnios is especially sug-
gestive of trisomy 18.

Both conditions have facial dysmorphism. The
classical trisomy 13 baby will have microcephaly,
iris coloboma, abnormally shaped ears and cleft lip

Figure 2 Cleft lip, overlapping fingers, abnormal
position of the thumb and polydactyly in trisomy 13.
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with or without cleft palate. The typical baby with
trisomy 18 will have microcephaly, malformed
ears, a prominent occiput and a small mouth and
jaw. Other birth defects in trisomy 13 include
heart defects, albeit not usually life-threatening
ones, omphalocele, postaxial polydactyly, micro-
phthalmia/anophthalmia, cutis aplasia, cryptor-
chidism and holoprosencephaly. Trisomy 18 can
have many of the same anomalies, but eye and
skin malformations are less common, whereas
neural tube and limb reduction defects are more
common. A very large number of other anomalies
have been reported in association with these
trisomies. The recurrence risk for non-dysjunction
trisomy 13 and 18 is no more than 1%. Families
have been described with anomalies suggesting
trisomy 13 or trisomy 18 but with normal chromo-
somes e recurrences in subsequent pregnancies
have suggested an autosomal recessive condition.
The literature more strongly supports a mendelian
phenocopy of trisomy 13.9

Profound mental retardation occurs in both the
conditions. The mortality rate is equally high for
both trisomies, most infants dying in a few months
and perhaps 10% surviving to 1 year. Females live
longer than males. As with Down syndrome, mo-
saicism occasionally occurs, but making meaning-
ful predictions based on its presence is perilous.

Figure 3 Growth retardation, microcephaly, short
palpebral fissures, ptosis, micrognathia, short sternum,
clenched hands and rocker-bottom feet in trisomy 18.
Turner syndrome

The most common finding in Turner syndrome is
a single X chromosome and a missing second sex
chromosome (45,X0). The condition is interesting
from a biological viewpoint. Its frequency at
conception is high, but there is fierce natural
selection against it. Approximately 1% of all con-
ceptions have Turner syndrome. In studies of early
spontaneous abortions, about 10% are 45,X0.10 In
female fetuses spontaneously aborted in the mid
second trimester due to cystic hygroma and gen-
eralised edema, most are 45,X0. Of every 100
embryos conceived with 45,X0, only one or two
will be liveborn.

At birth, many if not most newborns with Turner
syndrome will escape detection. Significant short
stature, elbow cubitus valgus and a short fourth
metacarpal are not present. Facially, prominent
cupped ears can be a clue to the diagnosis.
Webbed neck or edema of the hands and feet
can be present (Fig. 4). Coarctation of the aorta in
a female newborn should raise a suspicion of
Turner syndrome. A renal anomaly, particularly
horseshoe kidney, is characteristic but certainly
not universal. Short stature is usually present by
early childhood, and treatment with growth hor-
mone is common.11 Special growth charts for
Turner syndrome are available, and the American
Academy of Pediatrics has published health super-
vision guidelines.

The chromosome findings in Turner syndrome
vary significantly. In only about half the cases is
the karyotype 45,X0. Changes involving the struc-
ture of one of the X chromosomes are common,
particularly isochromosome of the long arm of X
(46,X,i(Xq)). Functionally, this leads to monosomy
of the short arm of one of the X chromosomes. A
myriad of other chromosome patterns constitute
the rest of Turner syndrome cases. Mosaicism is
common.12,13 Sometimes a Y chromosome is found
in a mosaic pattern (45X/46XY). Thus, a careful
search for a Y chromosome cell line is essential,
since these patients are at increased risk for
a malignant tumor at a young age.14

Noonan syndrome

There are some clinical similarities between this
condition and Turner syndrome. In fact, the con-
dition was initially called male Turner syndrome,
despite the fact that Noonan syndrome occurs in
both the sexes. Nonetheless, the two conditions
are quite different. In the newborn period, the
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Figure 4 Edema of the foot in Turner syndrome.
k
n

s
s
-
l
.
g
a
y
e
-
s
d
s

-
n
y
e
l
-

-
s
s
l
n
e
A
li
g
e

facial features and presence of congenital heart
defect are the findings that lead most often to the
diagnosis. The classical lesion is pulmonary valve
stenosis, but hypertrophic cardiomyopathy and
a variety of other defects can also occur. Facially,
the typical patient has low-set and mildly dysplas-
tic ears, down-slanting palpebral fissures and
ptosis. A short or webbed neck and pectus
excavatum/carinatum are also typical. Non-life-
threatening renal anomalies are seen, and disor-
ders of lymphatic vessels are more common.15

Growth is usually slow, although normal adult
height can occur. Growth hormone treatment has
been reported.16 Cognitive function is usually
normal and can be high, although there is an
increased chance of needing special education.
There is an increased risk of bleeding problems in
older patients, most often related to a deficiency
of clotting factors XI or XII.17

A chromosome study should be done and is
expected to be normal. The gene for Noonan
syndrome, called PTPN11, has been identified.
DNA analysis is possible in cases where the di-
agnosis is in doubt, although a DNA mutation is not
found in all clearly clinically affected patients.

In nearly all the cases, Noonan syndrome is an
autosomal dominant disorder. Many cases are new
mutations. If both parent and child are affected,
the risk of recurrence to produce another affected
child is 50%. Because the facial findings of Noonan
syndrome become harder to identify as one ages,
careful evaluation of the parents is necessary
before concluding that a sporadic case has oc-
curred. A few families have been reported with
multiple affected siblings and unaffected consan-
guineous parents, suggesting the presence of a rare
autosomal recessive form of Noonan syndrome.18

Some caution must therefore be observed in
counseling about a low parental recurrence ris
in subsequent pregnancies when a child is bor
with apparently sporadic Noonan syndrome.

Profound hypotonia

The differential diagnosis of profound hypotonia i
large. A detailed history is required to asses
prenatal or delivery circumstances such as a te
ratogen (infection or medication) or perinata
asphyxia that could be the cause of the hypotonia
A family history can be useful in determinin
whether a condition is autosomal recessive (
similarly affected sibling) or X-linked (similarl
affected males related through females). Th
differential diagnosis once a pregnancy/delivery
related problem has been deemed remote include
myopathies, central nervous system disorders an
various genetic conditions. A precise diagnosis i
paramount since the risk of recurrence varies from
sporadic to 25%, and perhaps higher if mitochon
drial DNA mutations are causative (see below). I
the past, muscle biopsy was needed to assess man
of these conditions. Many can now, however, b
diagnosed with DNA or biochemical tests. Severa
illustrative conditions in the differential of hypo
tonia will be discussed.

Newborns with PradereWilli syndrome are typ
ically quite hypotonic and feed poorly. Male
usually have undescended testicles. Small hand
and feet, and almond-shaped eyes, are not usefu
diagnostic features in newborns. A specific area o
the long arm of chromosome 15 is involved in th
etiology of PradereWilli syndrome. Blood DN
testing can very accurately diagnose PradereWil
syndrome, with about 95% of the cases havin
a positive DNA test. Almost all cases are due to th
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absence of the paternal copy of the PradereWilli
syndrome critical DNA region on chromosome 15. A
chromosome study with FISH is necessary after
a positive DNA test in order to determine whether
the specific cause is a chromosome deletion. A
deletion of the PradereWilli syndrome critical DNA
region is the most common cause of the condition.
The second most common cause is inheritance of
two copies of chromosome 15 from the mother and
none from the father; this is called uniparental
disomy. The concept of the biparental inheritance
of certain genes being essential for normal
development is called imprinting.19 The risk of re-
currence for PradereWilli syndrome is usually low.

Spinal muscular atrophy (SMA) presents in var-
ious ways depending on age and gross motor
milestone acquisition. Type 1 SMA presents at birth
or very soon after with profound hypotonia and is
fatal within a year or two. Treatment is support-
ive. The diagnosis can be made in nearly all the
cases with a blood DNA sample.20,21 Early diagnosis
allows counseling of the parents about the short-
ened life expectancy, autosomal recessive inheri-
tance and 25% recurrence risk. Prenatal diagnosis
on DNA from chorionic villus sampling or amnio-
centesis is available.

Zellweger syndrome presents with profound
hypotonia. Other findings such as facial features
suggestive of Down syndrome, hepatomegaly and
calcific stippling of the patella and epiphyses are
also present. The condition is caused by the
absence of peroxisomes, single-membrane organ-
elles in the cell that contain many essential
enzymes. An accumulation of very long-chain fatty
acids in plasma due to a deficiency of peroxisomal
enzymes is diagnostic. The condition is usually
lethal within a few years and has an autosomal
recessive inheritance. There is no useful treat-
ment. The disorder is caused by mutations in
a number of genes involved in the biogenesis of
the peroxisomes. Prenatal diagnosis is available.
Zellweger syndrome is the most severe of the
numerous inborn errors related to peroxisome
structure and function.22,23

Mitochondrial myopathies refer to a group of
conditions that affect the energy production in the
cell. Despite the name, these disorders can be
caused by mutations in either nuclear or mitochon-
drial DNA. The symptoms caused by mitochondrial
myopathies are protean and can involve hypotonia,
lactic acidosis, anemia, hearing loss, visual symp-
toms, gastrointestinal disorders, diabetes mellitus
and other organ system dysfunctions. Although
a muscle biopsy with histology and biochemical
and DNA studies is often required to identify this
group of disorders, blood DNA testing alone can
identity some. The prognosis varies, but a neonatal
presentation portends a very guarded outlook.
When an abnormality is found, there is unfortu-
nately little in the way of useful treatment.
Various vitamin and co-factor supplementations
can be tried, but success is uncommon. It can be
quite difficult to determine whether the condition
is due to nuclear or mitochondrial DNA, but trying
to do so is important because of the risk of
recurrence. Autosomal recessive nuclear DNA mu-
tations have a 25% recurrence risk, whereas some
mitochondrial DNA mutations are sporadic with
a very low recurrence risk. However, some muta-
tions that cause newborn disease are inherited
from the maternal mitochondrial genome. Since
there are many mitochondria in each ovum, the risk
of recurrence in this situation may be quite high.
Women with mitochondrial DNA mutations often
carry a lower load of mutated mitochondrial DNA
that may not cause symptoms in them or may make
the maternal symptoms occur at a later age. Some
specific disorders can be diagnosed prenatally via
chorionic villus sampling or amniocentesis, but
accurate prenatal interpretations of clinical out-
come can be difficult.24 Mitochondrial DNA disor-
ders are not considered to be paternally inherited
since sperm are generally devoid of mitochondria.

Myotonic dystrophy is an autosomal dominant
disorder. When seen in newborns, it typically
causes respiratory distress, feeding difficulties
and talipes in addition to hypotonia. The mother
is nearly always affected, but she is commonly not
aware of this. Most congenitally affected babies
will be mentally retarded. Diagnosis can be made
from a blood DNA test. There are two forms of
myotonic dystrophy, with different causation
genes. Type 1 is the classic form. Type 225 differs
primarily from Type 1 in that the lower extremity
muscle weakness is proximal rather than distal.
Myotonic dystrophy is one of several disorders,
including Huntington disease and fragile X syn-
drome, in which the mutation involves an increase
in the number of specific groupings (triplet re-
peats) of nucleic acids.26

There are primary muscle disorders that can
present in the newborn period with hypotonia.
Examples are myotubular (centronuclear) myopa-
thy, nemaline rod myopathy and central core
disease. Myotubular myopathy, an X-linked disor-
der, can usually be diagnosed with a blood DNA
test. Other myopathies can sometimes be identi-
fied from a blood DNA test but more often will
require a muscle biopsy.27

Genetic causes of hypotonia in the newborn
period can also be caused by urea cycle, amino
acid and organic acid disorders. Symptoms are
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typically not immediately present at birth but
usually arise within hours or days.

VATER association

In the early descriptions of the condition, the
findings were limited to V (vertebral anomalies),
A (anal atresia), TE (tracheo-esophageal fistula)
and R (radial dysplasia). Soon after, the V and R
came to include vascular and renal anomalies.
Later, the acronym VACTERL syndrome was used,
in which the C and the L represented cardiac
defects and upper limb anomalies other than
radial or thumb dysplasia. Other findings can
include growth failure and single umbilical artery.
Cognitive skills are usually normal. In questionable
cases, X-rays should be carried out, looking for
vertebral defects and subtle defects of the radial
side of the hand and forearm. Chromosomal dis-
orders and mendelian conditions such as Holte
Oram and TowneseBrocks syndromes need to be
considered e the risk of recurrence of VATER
syndrome is low.

One special caveat: if hydrocephalus is present
in a baby whose other findings suggest VATER
syndrome, a mendelian syndrome is likely. Fami-
lies with VATER syndrome and hydrocephalus have
been described demonstrating both X-linked and
autosomal recessive inheritance.28,29

Goldenhar syndrome

Several additional names are used in the literature
to describe conditions with similar findings: hemi-
facial microsomia, oculoauriculoverterbral syn-
drome and facioauriculovertebral syndrome.
There is no consensus on whether all these names
refer to the same condition and on what findings
distinguish one from another.

The group of disorders is not felt to have
a mendelian inheritance basis, although a few
families have been described with suspected au-
tosomal dominant inheritance. Core findings in-
clude hypoplasia of the bony structures of one side
of the face, benign tumors on the external surface
of the eye (epibulbar dermoids) and malformed
ears (Fig. 5). Many other findings are described,
such as oral clefts, heart defects, renal anomalies,
vertebral defects and brain malformations. Cogni-
tive function is usually normal unless there is
a structurally abnormal brain. The presence of
ear malformations and epibulbar dermoids distin-
guishes this condition from VATER syndrome. Chro-
mosome disorders need to be excluded.
DiGeorge and velocardiofacial
syndromes

There is some clinical and etiological overlap
of these syndromes, with DiGeorge syndrome
typically presenting in the newborn period and
velocardiofacial syndrome (VCF) diagnosed later
in life, although a neonatal presentation is not
rare. Aberrant embryonic development of the
third and fourth phalangeal pouches explains
many of the features of DiGeorge syndrome, such
as varying degrees of maldevelopment of the
thymus, sometimes with resultant cellular im-
mune deficiency, maldevelopment of the para-
thyroids leading to hypocalcemia and often
seizures, and heart defects, particularly cono-
truncal defects, tetralogy of Fallot and interrup-
ted aortic arch. Mild facial dysmorphic features
and mild mental retardation are common. Some
cases of DiGeorge syndrome are caused by a small
deletion of a specific area on the long arm of
chromosome 22 (del22q11.2). This deletion is
often not seen with a standard banded karyotype
but is readily identified with FISH.

The features of VCF include cleft palate without
cleft lip, heart defects such as tetralogy of Fallot
and ventricular septal defects, slender hands and
learning disabilities. Facially, a squared-off prom-
inent nose, small chin and slightly small head are
common. The facial characteristics may not, how-
ever, be particularly striking. The heart and cleft

Figure 5 Right-sided microtia and macrostomia in
Goldenhar syndrome.
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palate may lead to the diagnosis being made in the
newborn period. Late-onset hypocalcemia and
seizures sometimes occur in this syndrome e
another sign of the overlap with DiGeorge syn-
drome. Microdeletion of 22q11.2 is found in nearly
all clearly diagnosed cases.

Deletion of 22q11.2 can also be found in
individuals who have what appears to be isolated
congenital heart defects, in particular truncus
arteriosus, tetralogy of Fallot and pulmonary valve
atresia.30 If a deletion is found, parental studies
are indicated since the deletion is inherited a small
percentage of the time. If a parent also has the
deletion, the risk of recurrence is 50%.

CHARGE association

Initially described as choanal atresia associated
with other anomalies, the acronym CHARGE
association was coined in 1981 to stand for
C (coloboma), H (heart disease), A (atresia of the
choanae), R (retarded growth and development
and/or CNS anomalies), G (genital abnormalities
and/or hypogonadism) and E (ear anomalies and/
or deafness). At least four of these major findings
should be present to confirm the diagnosis.31 Other
features can include oral clefts and facial palsy.
Findings that can cause confusion with VATER
syndrome include tracheo-esophageal fistula and
renal anomalies, although the face is usually
normal in the former condition. Cardiac and ear
anomalies may cause confusion with Goldenhar
syndrome. The findings are usually specific enough
to make a clear clinical diagnosis. Although a few
cases show 22q deletion by FISH, most have no
recognisable genetic etiology. The risk of recur-
rence is usually low.

Achondroplasia

This is the most common type of short limb
skeletal dysplasia. It can be difficult to make the
diagnosis in the newborn period. Most of the time,
there will be no clue prenatally. If a mid second-
trimester fetal survey ultrasound has been carried
out, it is almost always normal. The shortening of
the proximal long bones does not usually fall below
the 3rd centile until the start of the third tri-
mester. The fetal chest measurement remains in
the normal range, and the length is not signifi-
cantly short at birth. The typical frontal bossing
and scooped-out nasal bridge are not striking
in newborns. There are shortened long bones,
particularly the proximal long bones, leading to
the condition being classified as one of the
rhizomelic skeletal dysplasias (Fig. 6). There are
many radiographic features of the condition.
However, there is one finding, albeit not patho-
gnomonic, that is easily remembered and is seen in
all newborns with achondroplasia e absence of
widening of the interpedicular distances of the
lumbar vertebrae. There is normally an increase in
the interpedicular distance from L1 to L4. In
achondroplasia, this measurement either stays
the same or decreases. Newborns with achondro-
plasia are healthy at birth. Because of issues
related to a small foramen magnum and a narrowed
spinal cord, these patients should be followed up by
physicians with expertise in this condition. Special
growth charts for achondroplasia patients are avail-
able, and the American Academy of Pediatrics has
published health supervision guidelines.

All the cases of achondroplasia are caused by
a mutation in a dominant gene that codes for
fibroblast growth factor receptor-3.32 Nearly all
affected people, regardless of ethnic group, have
an identical mutation in the gene. Interestingly,
mutations in other areas of this gene cause a milder
skeletal dysplasia (hypochondroplasia), a lethal
skeletal dysplasia (thanatophoric dysplasia) and
a number of syndromes associated with craniosy-
nostosis.33 A new mutation in the gene is the cause

Figure 6 Relative macrocephaly, flat nasal bridge and
proximal limb shortening in achondroplasia.
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of achondroplasia in about 90% of the cases. The risk
of recurrence is 50% if a parent has achondroplasia
but quite low if the parents are of normal stature.

Osteogenesis imperfecta

This condition, a disorder of collagen metabolism,
is generally classified into four main types.34 Types
I and IV osteogenesis imperfecta usually do not
present in newborns. Type II osteogenesis imper-
fecta is the most severe form and is generally
lethal at or soon after birth (Figs. 7 and 8). If
prenatal ultrasound in the mid second trimester is
performed, findings of short extremities, under-
mineralisation of the bones and fractures will be
found. The sclerae are typically blue at birth. Type
III osteogenesis imperfecta will present with pre-
natal fractures and growth deficiency, usually
milder than seen in type II osteogenesis imperfecta.
Many fractures occur after birth in type III osteo-
genesis imperfecta, resulting in progressive defor-
mity of the long bones and spine. Severe short
stature and spinal deformity are the result, al-
though cognitive function is normal. Varying de-
grees of deafness and dentinogenesis imperfecta
are common postnatal findings.

Although occasional exceptions occur, osteo-
genesis imperfecta is generally caused by dominant

Figure 7 Short limb dwarfism in type II osteogenesis
imperfecta.
mutations encoding type I collagen.35 Osteogenesis
imperfecta can usually be confidently diagnosed on
the basis of the nature of the type I collagen
abnormality seen in cultured skin fibroblasts. The
more severe types of osteogenesis imperfecta are
characterised by qualitative defects of type I
collagen. Blood samples for DNA studies of the
type I collagen gene are becoming more common.

It should, however, be remembered that the
diagnosis of type II osteogenesis imperfecta by
a radiologist skilled in the identification of skeletal
dysplasias is highly accurate and can eliminate the
expense of performing tests from skin biopsy and
blood sampling.

Recurrence risk counseling is problematic. Al-
though babies with type II osteogenesis imperfecta
typically represent new mutations, there have
been reports of recurrences due to parental germ
cell mosaicism.36 In an apparently isolated case
of type II osteogenesis imperfecta, the risk of
recurrence is estimated at 6% because of this
possibility.

Individuals with type III osteogenesis imperfecta
can reproduce and give each offspring a 50% risk of
inheriting the condition. Prenatal testing is possi-
ble. Treatment with biphosphonates has been used
in surviving patients with more severe manifesta-
tions of osteogenesis imperfecta. Long-term out-
comes are, however, not yet clear.37,38

Figure 8 Short, broad long bones and multiple
fractures in type II osteogenesis imperfecta.
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Syndrome identification in the nursery takes
place in a setting of high emotion and anxiety. If
the diagnosis of a genetic condition or malforma-
tion syndrome is made or considered, the involve-
ment of a geneticist is essential so that proper
genetic counseling can occur. This process is the
best way to guide the family along the difficult
road leading from what was expected to what is
now likely to be.

Research directions

Research is needed to determine clinical
indications for studying telomeric probes
when standard chromosome study is normal

Practice points

� A three-generation pedigree is superior to
asking a series of questions about family
history

� If a standard chromosome study is normal
and multiple birth defects are present,
consider ordering a telomeric FISH study

� Chromosome studies are not needed on
the parents of a Down syndrome baby if
the baby’s chromosome study shows non-
dysjunction

� An adequate search for Y chromosomal
material in a baby with Turner syndrome is
important because of the added risk for
gonadal tumors when Y chromosomal
material is present

� Always start with blood testing rather than
a muscle biopsy in the work-up of a baby
with profound hypotonia

� In a baby with congenital myotonic dys-
trophy, the mother is presumed to be
affected until her DNA test is found to be
normal

� FISH 22q11.2 deletion is found in nearly all
the patients with VCF, some patients with
DiGeorge syndrome and a few patients
with CHARGE syndrome

� Absence of widening of the lumbar inter-
pedicular distances is seen in all the babies
with achondroplasia

� Keep in mind the possibility of parental
mosaicism when dealing with cases of
lethal osteogenesis imperfecta
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