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Summary: Objective: In this study, we aimed to present the demographic, ultrasonographic, genetic, obstetric, and postpartum results of
14 patients diagnosed with radial ray defects. Materials and methods: Fourteen patients diagnosed with radial ray defects. Non-development
or hypoplasia of any preaxial part of the upper extremity on ultrasonography was considered a radial ray defect. Maternal age, gestational week at
diagnosis, laterality of the radial ray defect, genetic results, presence of comorbid anomalies, termination status, and postpartum prognosis were
obtained. Results: The range of maternal age at the time of diagnosis was 17-38 years and the gestational age ranged between 14-26 weeks.
Four of the radial ray defects were bilateral, and ten were unilateral. Trisomy 18 was identified in two cases. Eight cases accepted the termination
procedure. Three cases rejected termination and had spontaneous intrauterine death during pregnancy follow-up. One case was diagnosed with
VACTERL association and died postpartum on the 13™ day. One case was monitored due to Fanconi aplastic anemia and one case had amniotic
band syndrome in etiology and lives with a prosthetic arm. Conclusion: The frequency of a radial ray defect accompanied by syndromic and
congenital anomalies was high, and visualization of the radial bone or other preaxial bone structures on the 1t trimester fetal ultrasonography
will ensure the diagnosis of a radial ray defect in early gestational weeks. In the case of a radial ray defect diagnosis, systemic organ screening
should be performed with detailed ultrasonography and the necessary invasive procedure for karyotype examination should be advised to all
families.
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Souhrn: Cil: V této studii jsme si kladli za cil prezentovat demografické, ultrasonografické, genetické, porodnické a poporodni vysledky
u 14 pacientek s diagn6zou defektu radialniho paprsku. Materidly a metody: Celkem 14 pacientek s diagnézou defektu paprsku radidlniho. Za
defekt paprsku radialniho byl diagnostikovan nedostatek vyvoje nebo hypoplazie jakékoli preaxialni ¢asti horni koncetiny na ultrasonografickém
vysetieni. Byl zjistén vék matky, gesta¢ni tyden v dobé diagndzy, lateralita defektu radidlniho paprsku, genetické vysledky, pfitomnost
komorbidnich anomalii, stav ukonceni téhotenstvi a poporodni prognéza. Vysledky: Vékové rozpéti matky v dobé diagnézy bylo 17-38 let
a gestacni vék se pohyboval mezi 14 a 26 tydny. Ctyii z defektd radialniho paprsku byly bilateralni, deset jednostrannych. Trisomie 18 byla
identifikovana ve dvou pfipadech. Osm piipadl akceptovalo ukonceni téhotenstvi. Tti pfipady odmitly ukonceni téhotenstvi a béhem sledovani
téhotenstvi doslo ke spontannimu intrauterinnimu umrti. Jeden ptipad byl diagnostikovan s asociaci VACTERL a zemfel 13. den po porodu. Jeden
pfipad byl sledovén pro Fanconiho aplastickou anémii a jeden pfipad mél v etiologii syndrom amniotického pruhu a Zije s protézou. Zavér:
Frekvence defektu radidlniho paprsku doprovazeného syndromickymi a vrozenymi anomaliemi byla vysoka a vizualizace radialni kosti nebo
jinych preaxidlnich kostnich struktur na fetdlnim ultrasonografii v I. trimestru zajisti diagnézu defektu radialniho paprsku v ranych gestacnich
tydnech. V pripadé diagnoézy defektu radidlniho paprsku by mél byt proveden screening systémovych orgénl s podrobnou ultrasonografii
a vsem rodindm by mél byt doporucen nezbytny invazivni postup pro vysetieni karyotypu.

Klicova slova: prenatalni péce - vcasny screening - screening v |. trimestru — prenatélni diagnostika — defekt radidlniho paprsku — malformace
radidlniho paprsku
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Introduction
Radial ray defects (RRD) are character-
ized by developmental defects that in-
volve the preaxial parts of the upper
extremity (radius, scaphoid, and trape-
zium bones, metacarpal, and phalangeal
structures of the thumb). Any of these
bones may have hypoplasia or aplasia,
or hypoplasia/aplasia of more than one
bone may accompany each other [1].
The incidence of upper extrem-
ity defects in the fetus is 5.56 per
10,000 births [2]. The incidence of radial

ray defect, which is the most common
congenital anomaly of the upper ex-
tremity, is 1.83 per 10,000 in fetal life [2].
The radial ray defect is isolated in ap-
proximately 30% of cases, whereas it
may be accompanied by additional
anomalies, chromosomal disorders, and
syndromes in 70% of cases [3]. In recent
studies, the frequency of accompany-
ing anomalies has been reported to be
higher in fetuses with radial ray defects,
and only 13% of cases have been identi-
fied as isolated radial ray defects [1].

The rate of chromosomal disorders
accompanying radial ray defects is ap-
proximately 28% and the most com-
mon chromosomal disorder is trisomy
18 [1]. The most common comorbid syn-
dromes include Fanconi anemia, Throm-
bocytopenia-Bilateral Absent Radius
syndrome (TAR), Holt-Oram syndrome,
and VACTERL association [3,4].

In this study, we aimed to empha-
size the relationship between radial
ray defects and underlying syndromes,
their coexistence with genetic diseases,

Tab. 1. Maternal age, gestational week at the time of diagnosis, ultrasound findings genetics, and pregnancy findings

of 14 cases with radial ray defects.

Tab. 1. Vék matky, gesta¢ni tyden v dobé diagndzy, ultrazvukové nalezy, genetika a téhotenské nalezy u 14 pfipadu

s vadami radialniho paprsku.

MA GW L Associated anomalies K/G Results
1 21 16w right isolated 46 XY/male Tmn
2 28 19w right isolated 46 XX/female Tmn
3 |3 17w left isolated 46 XX/female Tmn
4 22 15w right right ulnar hypoplasia 46 XX/female Amniotic band syndrome
5 19 15w left left ulnar hypoplasia 46 XY/male Tmn
6 26 16w left alobar holoprosencephaly 47 XY Tmn
atrioventricular septal defect Trisomy 18/male
7 36 18w left ventricular septal defect 4? XY Tmn
omphalocele Trisomy 18/male
neural tube defect
8 38 19w bilateral  ventriculomegaly —/female lu-ex (28w)
pes equinovarus
9 34 14w right lumbosacral meningomyelocele —/female Tmn
ventriculomegaly
microcephaly
10 17 26w bilateral microphthalmia —-/male Fanconi aplastic anemia
tracheoesophageal fistula
atrial septal defect
brachycephaly
. cleft palate "
11 18 20w bilateral izl i e —-/male Pp-Ex 13t day
horseshoe kidney
monoventricle
double outlet right ventricle
12 34 25w bilateral a'bsence ofsfcomach 46 XY/male Tmn
single umbilical artery
low ear
lymphocyst in the neck
atrioventricular septal defect
13 29 29w left choroid plexus cyst —-/male lu-Ex (38w)
strawberry head
exencephaly (in a monochorionic monoamniotic
14 27 15w right twin pregnancy) 46 XY/male Tmn

co-twin (diaphragmatic hernia, single umbilical artery)

G - gender, GW - gestational week, lu-Ex — intrauterin-ex, K — karyotype, L - laterality, MA — maternal age, Pp-Ex — postpartum exitus, Tmn —

termination, w — week

36

Ceska Gynekol 2026; 91(1): 35-40




PRENATAL SONOGRAPHICFEATURES AND OUTCOMES OF RADIALRAY DEFECTS — A 14 CASE SERIES WITH A LITERATURE REVIEW

accompanying anatomical anomalies,
and their etiologies.

Material and methods

Study design

In this study, 14 patients who were
diagnosed with radial ray defects be-
tween 2012 and 2025 at the Perinatol-
ogy Clinic of Samsun Ondokuz Mayis
University were included. Ethics com-
mittee approval was obtained from
Ondokuz Mayis University Faculty of
Medicine. Ethics Committee with the de-
cision numbered B.30.2.0DM.0.20.08/
513-678.

Patients selection

Non-development or hypoplasia of any
preaxial part of the upper extremity (ra-
dius, scaphoid, trapezoid bone, and
thumb) on ultrasonography was con-
sidered a radial ray defect. Prenatal ex-
posure to thalidomide, valproic acid, or
any known teratogenic agent was ques-
tioned in the anamnesis. All patients
were screened for the etiology of dia-
betic embryopathy through a 75 grams
oral glucose tolerance test.

Data and measurements

The maternal age of the cases, gesta-
tional week at diagnosis, laterality of the
radial ray defect, genetic results, pres-
ence of comorbid anomalies, termina-
tion status, and postnatal prognosis
were obtained from the hospital records.
Patients who could not be followed up
in our hospital were reached by phone,
and information about their children’s
prognosis was obtained.

All pregnant women in whom radial
ray defects were detected on ultrasonog-
raphy were recommended karyotyping
for prenatal diagnosis and genetic coun-
seling was provided. Pregnant women
who accepted karyotype analysis un-
derwent amniocentesis and cordocente-
sis. All cases were evaluated by a coun-
cil consisting of perinatology, pediatrics,
and medical genetics physicians, and
a termination option was offered.

Statistical analysis
Continuous variables were expressed as
mean * standard deviation.

Results

The range of maternal age at the time
of diagnosis was 17-38 years, and
the gestational age ranged between
14-26 weeks. In the evaluation, four of
the radial ray defects were bilateral, and
ten were unilateral (Tab. 1). Teratogen
exposure and diabetes mellitus were not
identified in any case.

Invasive procedures were recom-
mended for all cases for genetic exami-
nation; amniocentesis was performed in
eight cases, and cordocentesis was per-
formed in one case. Seven patients had
normal karyotype results, and two cases
had trisomy 18. Five cases rejected the
invasive procedure.

Cases 1, 2, and 3 had isolated unilat-
eral radius aplasia. All three cases had
normal karyotype results, and the preg-
nancies were terminated upon patient
request and council’s decision (Fig. 1c
shows radial deviation postmortem
X-ray).

Cases 4 and 5 had ulnar hypoplasia
along with unilateral radial ray defect.
The karyotype results of both cases
were normal. The pregnancy was termi-
nated in case four whereas case five was
3-years-old and developed radial ray de-
fect due to amniotic band syndrome and
was living with a prosthetic arm.

Among the two cases who were diag-
nosed with trisomy 18 as a result of am-
niocentesis, case 6 had aplasia of the
radius as unilateral radial ray defect,
aplasia of the first and second fingers
of the left hand, and alobar holoprosen-
cephaly and atrioventricular septal de-
fect. Case 7 had unilateral radius aplasia,
choroid plexus cyst, ventricular sep-
tal defect, and omphalocele. Pregnancy
was terminated in both cases as a result
of the council’s decision.

In cases 9 and 8, neural tube defects
were detected in addition to aplasia of
the radius. Case eight was bilateral while

case nine was unilateral. In case eight,
the family rejected karyotype analysis
and pregnancy termination. At gesta-
tional week 28, intrauterine fetal death
occurred. In case nine, which was uni-
lateral, the family rejected the karyo-
type analysis, and the pregnancy was
terminated.

Case 10 had bilateral radius, first me-
tacarpal, and first phalanx aplasia accom-
panied by ventriculomegaly, microceph-
aly, microphthalmia, tracheoesophageal
fistula, and atrial septal defect. The fam-
ily rejected the karyotype analysis and
wanted to continue the pregnancy. After
delivery, the baby was operated on for
tracheoesophageal fistula and followed
up with the diagnosis of VACTERL asso-
ciation until the age of 2 years. The case,
who was currently 8-years-old, had neg-
ative diepoxybutane and mitomycin C
chromosomal breakage tests and was
followed up by the pediatric hematol-
ogy clinic for the diagnosis of Fanconi
anemia due to the development of pan-
cytopenia clinic and hypocellular ap-
pearance in bone marrow biopsy.

Case 11 had brachycephaly, cleft pal-
ate, atrial septal defect, and horseshoe
kidney along with bilateral radius apla-
sia. The baby of the family who rejected
the karyotype analysis died in utero on
the 13" day postpartum.

Case 12 had bilateral radius aplasia,
right first and second fingers and left
thumb aplasia as bilateral radial ray de-
fects, accompanied by monoventricle,
double outlet right ventricle, absence
of stomach, single umbilical artery, low
ear, and lymphocyst in the neck. Cordo-
centesis was performed to exclude the
diagnosis of Thrombocytopenia-Bilateral
Absent Radius syndrome (TAR), and mi-
croarray analysis of the fetus with normal
platelet countwas normal.The pregnancy
was terminated upon family request (Fig.
1a, b, d shows case 12 fetal ultrasound
and necropsy findings). Both cases were
recognized as VACTERL associations.

In case 13, atrioventricular septal de-
fect, choroid plexus cyst, and strawberry
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Fig. 1a. Case 12 - grayscale right 2D radial ray deformity at 25t gestational week. 1b. Case 12 - 3D radial deviation-ra-
dius, lack of 1-2 metacarpals and phalanges. 1c. Case 1 - radial deviation postmortem x-ray. 1d. Case 12 - fetal necro-
psy findings.
Obr. 1a. Pfipad 12 - deformita pravého radidlniho paprsku v odstinech $edi na 25. gestacnim tydnu. 1b. Pfipad 12 — 3D de-
viace radidlniho paprsku, chybéjici 1-2 metakarpy a falangy. 1c. Pfipad 1 — deviace radidlniho paprsku na rentgenovém

snimku po smrti. 1d. PFipad 12 - nalezy z pitvy plodu.

head were detected in addition to unilat-
eral radius aplasia. The case was thought
to possibly have trisomy 18, but the fam-
ily rejected karyotyping, and no definitive
diagnosis could be made. The fetus died in
utero at the 36™ gestational week.

In case 14, at 15 weeks of gestation,
a spontaneous monochorionic monoam-
niotic twin pregnancy was diagnosed.
The first fetus had a left-sided congeni-
tal diaphragmatic hernia, and the sec-
ond fetus had exencephaly and right ra-
dial ray defect (Fig. 2a, b). Amniocentesis
revealed a normal karyotype. Targeted
gene panel analysis (including Fanconi
anemia, Holt-Oram syndrome, and re-
lated disorders) yielded normal results.

Pregnancy was terminated in this case as
a result of the council’s decision.

Discussion
Differentiation and developmental
problems during the formation of ex-
tremities, which starts on the 26™ to 28"
day after fertilization and is completed
in 4 weeks, lead to extremity defects [5].
Radial ray defect is the most common
congenital anomaly of the upper ex-
tremity. It should be suspected in the
presence of persistent abnormal hand
position and fixed flexion of the wrist.
Radius measurement is not part of
routine fetal biometry. Shortening or
absence of the radius bone on fetal

sonography, abnormal angle between
the forearm and palm, and abnormal
deviation of the fingers, especially the
thumb, are important in the diagnosis.

In a series of 138 cases of radial ray de-
fects conducted by Niklas etal., 13% of
the cases were isolated and 59% were
bilateral. In the present study, approx-
imately 23% of the cases were isolated
and 30% were bilateral radial ray de-
fects [1]. In the same study, the male/fe-
male ratio for radial ray defects was
reported to be 1.4, whereas the male/fe-
male ratio was determined as 1.6 in our
cases. As in the study of Black etal., male
gender was a risk factor for radial ray de-
fects in our patients [6].
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Fig. 2a. Case 14 - fetal necropsy findings. 2b. Case 14 - 3D skeletal rendering mode radial deviation-radius HL
(Humerus) (Hand).
Obr. 2a. Pfipad 14 - ndlezy z pitvy plodu. 2b. P¥ipad 14 - 3D skeletélni rendering méd radidlni odchylky-poloméru HL
(pazni kost) El (ruka).

The most common chromosomal ab-
normality in radial ray defect is trisomy
18 and in the study by Niklas etal., the
rate of trisomy 18 was reported to be
23%. Among our 13 patients, trisomy
18 was confirmed in two of the eight pa-
tients who accepted the karyotype anal-
ysis. In one case, although the risk of tri-
somy 18 was estimated to be 1/50 in
the triple screening test and ultrasono-
graphic findings included strawberry
head shape, atrioventricular septal de-
fect, and choroid plexus cyst in favor of
trisomy 18, the patient rejected the kary-
otype analysis. The fetus died in utero at
the 38" gestational week. It was thought
that this case might have trisomy 18 [1].

VACTERL association refers to verte-
bral anomalies (V), anal atresia (A), car-
diac defects (C), tracheo-esophageal fis-
tula (TE), renal malformation (R), and
limb anomalies (L). VACTERL association
is diagnosed when any three of these
anomalies are present together. Cases
with VACTERL association are classi-
fied into three groups according to ex-
tremity anomalies: VACTERL 1 diagnosis
includes cases with normal extremi-
ties, VACTERL 2 with extremity anom-
alies other than radial ray defects of
the upper extremities, and VACTERL 3

with radial ray defects of the upper
extremities [7].

In the series of Niklas etal., 20% of the
cases were associated with VACTERL as-
sociation. Two of our 13 cases (case
11 and case 12) met at least three criteria
for VACTERL association. Although two
cases (case 8 and case 9) were found to
have vertebral anomalies and radial ray
defects, the third criterion for VACTERL
association could not be documented
because the families rejected the rec-
ommendation for autopsy after termi-
nation. According to some opinions, two
criteria are sufficient for the diagnosis of
VACTERL association [8].

Fanconi anemia is an autosomal reces-
sive inherited DNA repair disorder char-
acterized by physical abnormalities and
increased susceptibility to malignancies.
Thumb and radius hypoplasia are the
most common extremity defects accom-
panying Fanconi anemia [9]. Although
one of our cases was diagnosed with bi-
lateral radial ray defect, ventriculomeg-
aly, microphthalmia, tracheoesophageal
fistula, and atrial septal defect, the fam-
ily rejected the karyotype analysis. The
case was followed up until the age of
2 years with the diagnosis of VACTERL as-
sociation and was followed up with the

diagnosis of Fanconi aplastic anemia due
to the development of pancytopenia and
hypocellularity in bone marrow biopsy.

Solomon and Alter-Rosenber exten-
sively discussed the clinical overlap be-
tween the VACTERL-Hydrocephalus as-
sociation and Fanconi anemia. In this
study, it was suggested that patients
with Fanconi aplastic anemia associated
with VACTERL-ventriculomegaly could
be immediately recognized by the “FA
VATER signal”, which should lead to FA
testing [9]. The antenatal diagnosis of bi-
lateral radial ray defect (absence of ra-
dius and thumb) and ventriculomegaly
was significant in terms of “FA VATER sig-
nal”for the case in our study.

The coexistence of exencephaly-anen-
cephaly sequence (case 14) and radial
ray defects suggests a severe disruption
in early neural tube and limb field de-
velopment, possibly linked to defective
Wnt/B-catenin signaling pathways. This
rare phenotypic combination may indi-
cate an underlying syndromic etiology,
such as Fanconi anemia or VACTERL asso-
ciation, where both CNS and limb malfor-
mations are reported [10]. Given the poor
prognosis of this malformation com-
plex, prenatal genetic testing (whole-ex-
ome-sequencing) is warranted to identify
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potential mutations which are implicated
in both cranial and limb defects. This case
highlights both the constraints of tar-
geted gene panels and the necessity of
exome sequencing in evaluating com-
plex prenatal anomalies.

The type of radial ray defects does not
affect the mode of delivery. Delivery in
a tertiary health center with pediatric,
genetic, and orthopedic surgical consul-
tation should be considered in line with
clinical findings. After delivery, the baby
should be referred to a specialist for po-
tential reconstructive surgery. Radial ray
defects associated with other system
anomalies or syndromes are treated ac-
cording to the severity of findings.

Isolated findings are usually sporadic,
and the risk of recurrence is low. The re-
currence of syndromic cases depends on
the underlying cause.

Termination of pregnancy should be dis-
cussed as an option for all patients with ra-
dial ray defects. A joint decision with the
patient requires a comprehensive assess-
ment of prognosis and multidisciplinary
counseling. If screening or other ultrasound
findings are suggestive of a common aneu-
ploidy, initially a karyotype analysis and flu-
orescence insitu hybridization should be
performed. If these test results are normal,
a chromosomal microarray should be rec-
ommended to the family [10].

Conclusion

This report demonstrates the impor-
tance of a systematic evaluation of all
fetal organs, especially the cardiovascu-
lar system, urogenital system, and he-
matopoietic system when a radial ray
defect is detected on ultrasonography.
Although the number of cases in our
study was limited, it was important for

raising awareness in cases with radial
ray defects to identify factors such as
VACTERL association, trisomy 18, Fanconi
anemia, and amniotic band syndrome
that may be involved in the etiology.

The limitations of our study include
the fact that it was a retrospective study,
that the cases were evaluated at late ges-
tational weeks due to being a reference
center, that the rate of acceptance of the
karyotype analysis was low, that the pa-
tients rejected further genetic and au-
topsy examinations after termination,
and that there was a lack of additional
syndromic diagnosis.

This study demonstrates that ad-
vanced genetic and sonographic evalua-
tion of the fetus in cases with radial ray
defects is necessary for clinical manage-
ment and appropriate family counseling.
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