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Guidelines for the prenatal diagnosis of
fetal skeletal dysplasias
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Disclaimer: This guideline is designed primarily as an educational resource for health care providers to help
them provide qualitymedical genetic services. Adherence to this guideline does not necessarily assure a
successful medical outcome. This guideline should not be considered inclusive of all proper procedures and
tests or exclusive of other procedures and tests that are reasonably directed to obtaining the same results. In
determining the propriety of any specific procedure or test, the geneticist should apply his or her own
professional judgment to the specific clinical circumstances presented by the individual patient or specimen. It
may be prudent, however, to document in the patient’s record the rationale for any significant deviation from

this guideline.

Abstract. The osteochondrodysplasias, or skeletal dysplasias are a
genetically heterogeneous group of over 350 distinct disorders, and
many of them can present in the prenatal period as demonstrated by
ultrasound. Differentiating these disorders in the prenatal period can be
challenging because they are rare and many of the ultrasound findings
are not necessarily pathognomic for a specific disorder. However,
differentiating known lethal disorders from nonlethal disorders, provid-
ing differential diagnoses before delivery, determining postdelivery
management plans and ultimately determining accurate recurrences
risks to the at-risk couples improves patient care. These guidelines
provide an approach to a fetus suspected of manifesting a skeletal
dysplasia. Genet Med 2009:11(2):127-133.
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Diagnosis of prenatal-onset skeletal dysplasias can be ac-
complished by ultrasound evaluation and confirmed by
both molecular testing using invasive procedures and postde-
livery radiographs and autopsy, including histomorphic analysis
of cartilage and bone. Obtaining a precise diagnosis by prenatal
ultrasound diagnosis can be challenging. However, utilization
of two and three-dimensional ultrasound can identify abnormal
skeletal elements, and by analyzing the constellation of find-
ings, a differential diagnosis can be achieved. These diagnoses
based on the constellation of findings can be used for counseling
regarding optimal patient management (both fetal and maternal)
and calculation of recurrence risk. This policy statement dis-
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cusses clinical guidelines for screening of fetuses suspected of
manifesting a skeletal dysplasia or for pregnancies at-risk.

THE OSTEOCHONDRODYSPLASIAS
(THE SKELETAL DYSPLASIAS)

The osteochondrodysplasias and dysostoses comprise a
group of more than 350 disorders of the skeleton.'3 By defi-
nition, the osteochondrodysplasias, or skeletal dysplasias, refer
to disorders with generalized abnormalities of the skeleton,
whereas the dysostoses are those disorders that have a single or
group of abnormal bones. However, as more is known about all
of these disorders, the distinction between osteochondrodyspla-
sias and dysostoses has become blurred. In most osteochondro-
dysplasias, there is a generalized abnormality in linear skeletal
growth and in some disorders there are concomitant abnormal-
ities in organ systems other than the skeleton.# The skeletal
dysplasias can be inherited as autosomal dominant, autosomal
recessive, or X-linked disorders, and some disorders that result
from imprinting errors, somatic mosaicism, and teratogen ex-
posure.3>-8 There has been substantial progress in identification
of the molecular defects responsible for the osteochondrodys-
plasias, and the genetic defects have been identified for approx-
imately 160 of the 350 well-recognized disorders.> Many of
these discoveries have led to availability of DNA diagnostics for
both molecular confirmation of ultrasound and postmortem find-
ings, as well as invasive prenatal diagnosis for at-risk families.

Although the occurrence of each individual skeletal dysplasia
may be rare,” as a group they account for a significant number
of newborns with congenital anomalies. Many of the prenatal
onset skeletal dysplasias are associated with lethality because of
pulmonary insufficiency or concomitant visceral abnormali-
ties.!04 Many of these disorders result from new dominant
mutations and for the autosomal recessive disorders, many
occur in families with no history of skeletal dysplasias.

The fetal skeleton develops relatively early in the fetal period
and, thus, prenatal diagnosis of these disorders is possible. The
appendicular and the axial skeleton undergo a programmed
pattern of endochondral ossification, whereas the calvarium and
portions of the clavicle and pubis ossify via membraneous
ossification.!!-12 Ossification occurs at relatively early human
gestational ages: clavicle and mandible at 8 weeks; the appen-
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dicular skeleton, ileum, and scapula by 12 weeks; and the
metacarpals and metatarsals are ossified by 12-16 weeks.!3-14
Secondary (epiphyseal) ossification centers are seen by radio-
graphs at approximately 20 weeks gestation and at a similar
time period by ultrasound.

ULTRASOUND EVALUATION

Second trimester ultrasound evaluation of the fetus for de-
tection of congenital anomalies has become standard of care in
many communities.!>'¢ The fetal skeleton is readily visualized
by two-dimensional ultrasound by 14 weeks, and measurements
of the fetal femora and humeri are considered part of any basic
midtrimester ultrasound evaluation. Any fetus showing femora
or humeri length measurements less than 5th centile or —2 SD
from the mean in the second trimester (<24 weeks) should be
evaluated in a center that has expertise in evaluating the entire
fetal skeleton and has the ability to provide genetic counseling.
The following fetal ultrasound parameters must be visualized
and plotted against normative values when a fetus manifesting
a skeletal dysplasia is suspected (Table 1); fetal cranium (bipa-
rietal diameter, occipital-frontal diameter, and head circumfer-
ence), abdominal circumference, mandible, clavicle, scapula,
chest circumference, and all fetal long bones. Comparison of the
relative length of all the long bones and against normative
values will determine whether there is primarily rhizomelia,
mesomelia, or that both segments are involved. One helpful
ratio is the femur to foot ratio, which approaches 1.0 throughout
gestation. Many skeletal dysplasias show disproportion based

Table 1 Standardized ultrasound approach to the
skeletal dysplasias

Gestational age based on last menstrual period or first trimester
ultrasound

Length of the long bones (femurs, humerus, radius, ulna, tibia, fibula,
and clavicle)

Shape of long bones (straight, curved, bilateral vs. unilateral)
Appearance of the metaphyseal ends (spikes, irregularities)
Echodensity of long bones (well mineralized, poorly mineralized)
Foot size and shape

Hands (number of digits, shape of phalanges, mineralization patterns)
Circumferences (head, abdomen, and chest)

Lateral view of the chest

Mineralization and shape of the cranium

Mineralization and shape of the vertebral bodies

Size and shape of scapula

Presence of the secondary epiphyses (calcaneus [>20 wk] and knee
epiphyses [>28 wk])

Mandibular size and shape

Fetal profile (frontal bossing, presence of nasal bone, micrognathia)
Abnormal posturing of the extremities

Other congenital anomalies

Evaluation of amniotic fluid volume (hydramnios)

Hydrops
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on those parameters.!” For example, those disorders that pri-
marily present with rhizomelia in the prenatal period will show
altered femur to foot ratio (<1). In addition to evaluation of the
long bones, there are other ultrasound parameters that should be
evaluated and can be helpful in these differentiating disorders
(Table 1). These include the fetal facial profile (glabellar bossing,
flattened nasal bridge, micrognathia; Fig. 1), presence and shape of the
vertebral bodies (Table 2), and relative appearance of the hands and
feet (extra, missing or malformed digits). There are many prenatal
onset skeletal dysplasias that are associated with relative brachydactyly
and equinovarus (Table 2). Fetuses with long bone measurements
more than 3D below the mean should be strongly suspected of having
a skeletal dysplasia, especially if the head circumference is greater than
the 75th centile. Most prenatal-onset skeletal dysplasias present with
relative disproportion of the skeletal measurements when compared
with those of the cranium. In addition, close attention should be paid
to the shape and mineralization pattern of the fetal calvarium and fetal
skeleton (poor or ectopic mineralization). Determining the elements of
the skeleton that are abnormal, coupled with the findings of mineral-
ization and shape of the bones can aid in diagnosis (Table 2). Appro-
priate consultation with a geneticist or genetic counselor is recom-
mended to assess the constellation of abnormalities and determine the
most likely differential diagnoses. Prognosis and natural history can
then be discussed using the most likely diagnoses as the basis for
discussion.

One of the most important determinations that must be made
by ultrasound is that of neonatal or infantile lethality. The
definition of lethality can be a difficult one. Lethality occurs in
most skeletal dysplasias as a result of a small chest circumfer-
ence and resultant pulmonary hypoplasia. However, not all
skeletal dysplasias associated with small thoracic circumferences
are associated with immediate lethality. By using ultrasound cri-
teria for lethality, chest-to-abdominal circumference ratio of
<0.6'® and femur length-to-abdominal circumference ratios of
<0.16 are strongly suggestive of lethality.' When concomitant
abnormalities in other organ systems are visualized, there is in-
creased morbidity and mortality in these disorders. It is important
to note that the accuracy of prenatal diagnosis of the skeletal
dysplasias using routine ultrasound approaches 40%?2°—2¢ and mis-
diagnosis can lead to inaccurate recurrence risk information and
suboptimal management of the patients. Thus, all cases of
prenatally diagnosed skeletal dysplasias should have a final
diagnosis made by expert clinical and radiologic evaluation.
When available, there is also a role for autopsy and histo-
morphic analysis of the cartilage growth plate, especially in
cases of very rare skeletal dysplasias. It is critical to counsel
families and their physicians to consider obtaining and stor-
ing tissue and/or DNA, especially because many skeletal
dysplasias are associated with significant recurrence risk.
Resources such as the International Skeletal Dysplasia Registry
(http://www.csmc.edu/skeletaldysplasia) and the European Skeletal
Dysplasia Network (http://www.esdn.org/) can be used to aid in final
diagnosis.

IN-UTERO RADIOGRAPHY, FETAL MRI, AND
THREE-DIMENSIONAL ULTRASONOGRAPHY

Historically, in-utero radiographs of a fetus suspected to have
a skeletal dysplasia were used to confirm the ultrasound findings
and help aid in counseling and patient management. It is our
opinion that with marked improvements in ultrasound imaging
in the last 10 years, the poor resolution of the radiographs
obtained in utero, and since few centers have the expertise to
analyze these radiographs, there is little value to this method-
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Prenatal diagnosis of fetal skeletal dysplasias

Fig. 1.

Three dimensional ultrasound images of fetuses demonstrating the abnormal facial images in thanatophoric

dysplasia, achondrogenesis Il and achondroplasia. A, Fetus with thanatophoric dysplasia showing severe nasal flattening
and distorted facial shape because of craniosynostosis. B, Profile of fetus with thanatophoric dysplasia demonstrating
severe nasal flattening and trident configuration of the hands (brachydactyly). C, Fetus with achondrogenesis Il showing
flattened nasal bridge but no distortion of facial shape. D, Fetus with achondroplasia showing mild flattening of the nasal

bridge but not as severe as thanatophoric dysplasia.

ology. Fetal MRI can be useful for analysis of the fetal spine if
there is a suggestion of severe scoliosis and there is concern for
diastematomyelia or vertebral malformations. Three-dimen-
sional ultrasound is helpful to distinguish facial abnormalities
that may help differentiate these disorders (Fig. 1).27

MOLECULAR EVALUATION

The molecular defect has been identified in almost half of the
well-recognized skeletal dysplasias. However, the application
of these findings to direct patient care is not yet possible for
many of these disorders. For families who have had a previously
affected child with a molecularly confirmed diagnosis and are
at-risk for recurrence, molecular analysis of DNA derived from
either chorionic villus cells or amniocytes may be available,
either by direct mutational analysis or by linkage analysis
(GeneTests; www.genetests.org/). One controversial issue is
whether patients who have had an affected child with a new
dominant disorder should be offered invasive prenatal testing
for a relatively low risk of germline mosaicism.

One direct application of molecular testing is in the case of
pregnancies in which two affected parents have the same or dif-
ferent autosomal dominant skeletal disorders (nonassortative mat-
ing). This places the fetus at-risk for homozysosity or compound
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heterozygosity which is frequently associated with lethality, al-
though there are exceptions.?® If both parents have achondroplasia,
then testing the pregnancy for homozygosity or compound het-
erozygosity for mutations in FGFR3 is readily available, because
97% of patients with achondroplasia have a known identifiable
mutation. If the parents have skeletal dysplasias associated with
private mutations, they should be strongly encouraged to have
molecular testing performed before pregnancy, since the time
necessary for DNA diagnosis can be lengthy and not all
mutations are identifiable, and consideration for linkage anal-
ysis may be necessary.

The role of molecular testing in a sporadically occurring
skeletal dysplasia in an ongoing pregnancy is controversial. The
time from invasive testing to diagnosis can be lengthy and may
not change the outcome of the pregnancy, especially if the
ultrasound appearance of the chest suggests lethality. A positive
result will provide an answer and may affect care at time of
delivery; however, failure to identify a mutation does not negate
the ultrasound findings.

PREGNANCY AND MODE OF DELIVERY

With improvement in obstetrical care of both mother and
infants, considerations need to be made for delivery of individ-
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Table 2 Common abnormal ultrasound findings and differential diagnosis (not inclusive of all disorders with these

findings)
MIM no. Gene defect
Poor mineralization of the calvarium
Achondrogenesis IA 200600 Unknown
Cleidocranial dysplasia 119600 RUNX2
Hypophosphatasia 241500 ALPL
Osteogenesis imperfecta Type 11 166210 COLIAI
166210 COLIA2
610854 CRTAP
Fractures of long bones (particular femora)
Hypophosphatasia 241500 ALPL
Neurofibromatosis 162200 NF1
Osteogenesis imperfecta Types II and 111 166210 COLIAI
166210 COLIA2
610854 CRTAP
259440 P3HI
Bent/bowed bones by ultrasound
Achondrogenesis 1A 200600 Unknown
Achondrogenesis 1B 600972 SLC2642
Antley-Bixler syndrome 207410 FGFR2
Atelosteogenesis I 108720 FLNB
Atelosteogenesis 11 256050 SLC2642
Atelosteogenesis 111 108721 FLNB
Campomelic dysplasia 114290 SOX9
Diastrophic dyplasia 222600 SLC26A42
Hypophosphatasia 241500 ALPL
Osteogenesis Types II and IIT 166210 COLI1AI
166210 COLIA2
610854 CRTAP
259440 P3HI
Short-rib polydactyly syndromes (Types I-1V) 263530 Unknown
263520 Unknown
263510 Unknown
269860 Unknown
Stuve-Wiedemann syndrome 601559 LIFR
Thanatophoric dysplasia Types I and II 187600 FGFR3
187601 FGFR3
Poor mineralization of the vertebrae
Achondrogenesis IA 200600 Unknown
Achondrogenesis 1B 600972 SLC2642
Achondrogenesis 11 200610 COL241
Atelosteogenesis | 108720 FLNB
(Continued)
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Table 2. Continued

MIM no. Gene defect
Atelosteogenesis 1T 256050 SLC26A42
Atelosteogenesis 111 108721 FLNB
Opsismodysplasia 258480 Unknown
SMD—sedaghatian type 250220 Unknown
Thanatophoric dysplasia Types I and II 187600 FGFR3
187601 FGFR3
Absent/hypoplastic scapula
Campomelic dysplasia 114290 SOX9
Equinovarus
Achondrogenesis [A 200600 Unknown
Achondrogenesis IB 600972 SLC26A42
Achondrogenesis 11 200610 COL241
Atelosteogenesis I 108720 FLNB
Atelosteogenesis 11 256050 SLC26A42
Atelosteogenesis 11T 108721 FLNB
Campomelic dysplasia 114290 SOX9
Desbuquois dysplasia 251450 Unknown
Diastrophic dyplasia 222600 SLC2642
Ehler-Danlos syndrome Types VIIA and B 130060 COLIAI, COLIA2
Hypophosphatasia 241500 ALPL
Larsen syndrome 150250 FLNB
Osteogenesis imperfecta Types II and III 166210 COLIAI
166210 COLIA2
610854 CRTAP
259440 P3HI
Pseudodiastrophic dysplasia 264180 Unknown
Short-rib polydactyly syndromes (Types I-1V) 263530 Unknown
263520 Unknown
263510 Unknown
269860 Unknown
Thanatophoric dysplasia Types I and II 187600 FGFR3
187601 FGFR3

SMD, Spondylometaphyseal dysplasia.

uals affected by skeletal dysplasias. Advocacy groups for indi-
viduals with short stature (Little People of America and the
Osteogenesis Imperfecta Foundation) have seen an increasing
number of individuals affected by skeletal dysplasias undergo
pregnancies with minimal complications, changing many pro-
fessional opinions regarding outcome of pregnancies in short
statured individuals. The issues surrounding pregnancy in short
statured women include fetuses at-risk for homozygosity or
compound heterozygosity, whether the mother is affected by a
long-trunk versus short trunk skeletal dysplasia, need for oper-
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ative delivery in most cases, regional versus general anesthesia,
and optimal time for delivery. Although overall the data on
these gestations is relatively limited,?” there are available resources
(Little People of America; www.lpaonline.org/ Osteogenesis Im-
perfecta Foundation; www.oif.org/ and the International Skeletal
Dysplasia Registry; www.csmc.edu/skeletaldysplasia), which can
help provide some information and recommendations based on
previous experiences.

In average stature women whose fetuses have a skeletal dyspla-
sia there are multiple issues that need to be addressed before
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delivery. Many individuals whose fetuses have a genetic disorder
or significant malformations choose not to continue the gestation to
term. It is critical that fetuses presumed to have skeletal dysplasias
that are delivered previably have appropriate postmortem evalua-
tions, so subsequent counseling is based on accurate information.
For those individuals who choose to continue the gestation to term,
it is critical to assess the fetus for signs of possible lethality
(diminished femur length to abdominal circumference ratio, presence
of hydrops fetalis, severe polyhydramnios, visceral abnormalities)
versus those fetuses that seem to have skeletal disorders not usually
associated with lethality. Predelivery consultations and development
of a delivery and resuscitation plan with clinical geneticists, neonata-
logists, obstetricians, and anesthesiologists improve the postnatal man-
agement of these fetuses. Many fetuses with nonlethal skeletal dys-
plasias can have some respiratory compromise in the immediate
newborn period. Further, obstetricians should be made aware that
many fetuses with both lethal and nonlethal skeletal dysplasias deliv-
ered at or near term manifest relative macrocephaly and vaginal
delivery may not be readily accomplished.

RECOMMENDATIONS

1. Fetuses with long bone measurements at or less than the
Sth centile or >3 SD below the mean should be evalu-
ated in a center with expertise in the recognition of
skeletal dysplasias. If the patient cannot travel, arrange-
ments may be able to be made for evaluation of ultra-
sound videotapes or hard copy images.

2. The following fetal ultrasound measurements should be
visualized and plotted against normative values: fetal
cranium (biparietal diameter and head circumference),
facial profile, mandible, clavicle, scapula, chest circum-
ference, vertebral bodies, all fetal long bones, and the
hands and feet. Fetuses with long bone parameters >3
SD below the mean should be strongly suspected of
having a skeletal dysplasia, especially if the head cir-
cumference is greater than the 75th centile (Table 1).

3. Lethality should be determined by chest circumference
to abdominal circumference ratio and/or femur length to
abdominal circumference measurement ratio. A chest-
to-abdominal circumference ratio of <0.6 or femur length
to abdominal circumference ratio of 0.16 strongly suggests
a perinatal lethal disorder, although there are exceptions.
The findings should be conveyed to the physicians caring
for the patient and to the patient.

4. Molecular testing should be offered in those pregnancies
at-risk for homozygosity or compound heterozygosity
for skeletal dysplasias. Both parents’ mutations should
have been identified, ideally before pregnancy.

5. Individuals with skeletal dysplasias known to be due to
a number of different mutations should be encouraged to
obtain molecular analysis before pregnancy.

6. In cases where molecular testing is performed and ultrasound
findings suggest a lethal prognosis, then counseling should be
based on clinical findings and molecular testing should be
considered to confirm the clinical findings.

7. All fetuses suspected of having a skeletal dysplasia
should have the diagnosis confirmed by postdelivery
clinical and radiologic evaluation. Postdelivery and/or
postmortem evaluation includes anterior-posterior radio-
graphs of the appendicular skeleton including hands and
feet, and anterior-posterior and lateral radiographs of the
cranium and spine (vertebral column). In all appropriate
cases, photographs should be taken and autopsies should
be offered and encouraged, because it provides the most
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useful information for accurate diagnosis. Pathologists
should collect cartilage and bone, ideally femora and
humeri for histomorphic analysis. Tissue (fibroblasts,
cartilage and bone) and/or DNA should be saved for
molecular analysis whenever possible, because many
skeletal disorders are associated with a significant recur-
rence risk.

8. Mothers who themselves have skeletal dysplasias need
consultation with obstetricians and anesthesiologists re-
garding optimal management, including mode of delivery.

9. For fetuses suspected as having a skeletal dysplasia deliv-
ered at a viable gestational age, predelivery consultations
and management plan should be initiated between the ob-
stetrical, neonatal, anesthesia, and genetics consultants.

10. Resources such as the International Skeletal Dysplasia Regis-
try, the European Skeletal Dysplasia Network and other qual-
ified genetic centers should be used whenever possible, includ-
ing the proper collection of autopsy material, especially if the
diagnosis and counseling are uncertain.
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