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ANATOMICAL DISORDERS OF GENITOURINARY SYSTEM IN
CHILDREN WITH SIRENOMELIA IN DIAGNOSTIC IMAGING

Abstract

Introduction and aim: Sirenomelia sequence is a rare congenital malfoomaharacterized
with a single midline lower limb.

Material and methods: Informationcomes fromavailable literature sources that were reviewed.
The method of diagnostic imaging and theoreticalysis has been used.

Results: The group of the most common urogenital disordecsiging with sirenomelia includes
renal dysplasia or agenesis and rudimentary geniirenomelia is accompanied by a distinctive
vascular anomalies, especially a single large uaabifrtery, which arises above the aortic bifur-
cation and absence of inferior mesenteric artenghvbauses that the colon usually ends blindly,
and moreover cardiac defects.

Conclusion: Internal organs wittdisorders occurring with sirenomelia should be exauoh in
physical examination and using imaging methodduding ultrasounography and magnetic reso-
nance of the fetus and the neonate.
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ZABURZENIA ANATOMICZNE UKLADU MOCZOWO-PLCIOWEGO
U DZIECI Z SYRENOMELI4 W DIAGNOSTYCE OBRAZOWEJ

Streszczenie

Wstkep i cele:Sirenomelia to rzadka sekwencja wad wrodzonychadtaryzugca se pojedyncz
koriczyry dolrg zlokalizowag w linii pasrodkowej ciata.

Materiat i metody:Informacje uzyskano w wyniku przedli dosgpnychzrédet literaturowych.
Zastosowano metedliagnostyki obrazowej i analizy teoretyczne;.

Wyniki: Do grupy najcestszych zaburzeuktadu moczowo-pitciowego wystijgcych z sirenome-
lig naleg dysplazja lub agenezja nerek i sggpwe genitaliaSirenomeli towarzygzanomalie
naczyniowe, zwlaszcza pojedynczaadigtnica pepowinowa, ktora bierze pogiek powyej roz-
widlenia aorty i brak ¢tnicy krezkowej dolnej, co powoduje, jelito grube zazwyczaj kozy s¢
slepo, a ponadto wady serca.

Whioski: Narzzdy wewmtrzne dotykane zaburzeniami wymijgcymi z sirenomeji powinny zo-
sta¢ zbadane w badaniu fizykalnym i przyyciu metod obrazowania, w tym ultrasonografii i re-
zonansu magnetycznego ptodu i noworodka.

Stowa kluczoweSyrenomelia, uktad moczowo-piciowy, choroby rzadki@iologia.
(Otrzymano: 16.09.2016; Zrecenzowano: 20.09.20H&kEeptowano: 25.09.2016)
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1. Introduction and aim

Sirenomelia sequence is a rare congenital malfoaomaharacterized with a single midline
lower limb. Incidence of sirenomelia sequence isvben 1/60000 and 1/100000 [5] with
male to female ratio being 3:1 [6]. Other anomadissociated with sirenomelia sequence are
bilateral renal agenesis, sacral agenesis, gatetatcts, imperforate anus and cardiac defects
[5]. The rarity of the case is obvious from thetfdat many gynecologists might not have
come across a case of sirenomelia in their whaléepsional career [6].

The pathogenesis of sirenomelia is not fully unerd but is thought to be due to a signal-
ing Bmp deficit in the embryonic caudal end, whias a role in vasculogenesis [4], [11] and
due to excess of signaling retinoic acid (RA), whic mice has been found to be due to lack-
ing of Cyp26al, a RA degrading enzyme. Worth notepat RA levels, besides genetic fac-
tors, can be influenced by nutritional factors dhds can be a cause of environmental si-
renomelia [4].

Two hypotheses regarding the pathogenicity havae Ipeeposed. The first one known as
the ‘vascular steal hypothesis’ refers to vaschigroperfusion as origin of pathogenesis. It
proposed that the malformation of the lower parthef body is due to diverted blood flow to
the placenta by a single umbilical artery (SUAN@élline origin, instead of double as usual
[4], [7], [11]. Deficient blood flow results in fesl lower limbs and agenesis of midline struc-
tures. The presence of SUA of vitelline origin een proposed as a differential diagnosis,
differencing sirenomelia from other lower body noathations [4]. The second one known as
the ‘defective blastogenesis hypothesis’ referprimary defect in development of caudal
body that occurs during the third gestational wiegkumans [4], [11].

Etiological factors of sirenomelia sequence ark sticlear. Several heterogeneous risk
factors have been reported, but all of them areaddle [5]. Possible maternal risk factors
associated with sirenomelia are diabetes melltalsacco use, retinoic acid, heavy metal ex-
posure and young maternal age (under 20) [5], N&jternal diabetes is reported in 2% of
cases. Quite high percentage, as 15%, of sirenaroa$ies are in twin births — most of them
monozygous and only one fetus is affected. Thermislear environmental factor associated
with sirenomelia sequence [5].

The most obvious symptom of sirenomelia is the dighic lower limbs, also accompa-
nied with Potter’'s face and spade like hands wisctlassificated according to Stocker and
Heifetz (Stocker and Heifetz, 1987) [11].

Tab. 1. Classification of sirenomelia (Stocker &tadfetz, 1987) [11]

Type: Features:
I all thigh and leg bones are present
I single fibula
1] absent fibula
v partially fused femurs, fused fibulae
Vv partially fused femurs
Vi single femur, single tibia
Vi single femur, absent tibia

The study was performed to gather information alpatients with sirenomelia sequence
scattered in medical literature giving statementnwrphological disorders of genitourinary
system and basic epidemiological data.
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2. Material and methods

Presented information comes from available litamgources and was obtained as a result
of the review of scientific articles on studied i@ he method of diagnostic imaging and theo-
retical analysis has been used.

3. Results
In virtually all instances, sirenomelia is accomigdrby a distinctive vascular anomalies; a

single large umbilical artery, which arises abdwe &ortic bifurcation, is typical. The kidneys
and the urinary tract drainage are absent or mbrliddplastic. The inferior mesenteric ar-

tery is absent and the colon usually ends blindbrdiac defects occur in many cases.

Tab. 2. Clinical data from exemplary patients vattenomelia

Maternal /
Sourpe'of gestational 'Renal Sex / urogenital IA* | SUA* Other mgjor
description age disorders disorders malformations
(yr*/Hbd*)
Stanton | 14/35 | pelvic f*/ Y-shaped |yes| yes |dextrocardia and situs
2003 horseshoe | ureter, solitus with an acyanotic
kidney absent bladder, tetralogy of Fallot, mul-
ureter opened tiple ventricular septal
directly onto the| defects, moderately
perineum, severe infundibular ste-
adjacent to nosis, cecum and appen-
a blind-ending dix located in the left
vagina, absent upper quadrant and liver
uterus in the midline, colonic
and rectal agenesis
Garrido- | 16/28 | renal m* / un- yes| yes | dead fetus, sacral agen-
Allepuz agenesis, | descended esis, hypoplastic pelvis,
2011 oligohy- testicles fused lower extremities
dramnios with paired femurs and
tibias, but absent fibula€g,
Potter’'s face, hypoplastic
lungs
Ikbal 34 /34 | bilateral -/ absent yes | yes | single lower limb, absen
2012 renal agen- | genitalia fibula, bones of foot and
esis digits, sacral agenesis,
hemivertebra, Potter’s
face, anencephaly
Seidahmed 32 /36 | absentkid- | -/ absent yes| yes | Potter's face, microftal-
2014 ney, oligo- | genitalia, no mia
hydramnios | bladder
Seidahmed 23 /31 | absentkid- | - / absent yes| yes | Potter's face, hypoplastic
2014 ney, oligoh- | genitalia lungs, two chambers
dramnios heart
Samal 27 139 - - | absent yes| yes | hypertelorism, Potter's
2015 genitalia face, narrow chest, bilat-
eral hypoplastic thumb,
fused lower limbs with a
single foot and 5 toes
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Samal 23 /34 | bilateral -/ absence of | yes| yes | fused both lower limbs
2015 renal agen- | ureters, urinary and feet with 10 toes
esis, very bladder, semi- (type | of Stocker and
scanty amni-| nal vesicle, Heifetz classification),
otic fluid urethra and Potter's face, narrow
drained at genitalia except chest indicating lung
the time of | two pea sized hypoplasia, right pneu-
delivery structures sug- mothorax with collapsed
(unsuper- gestive of testes right lung
vised preg- | (bilaterally
nancy) posterior to
pubis)

*yr — years, Hbd {lat. hebdmas), f — female, m — male, 1A — imperforated anus, SUsingle umbilical artery

Tab. 3. Clinical data from 2 patients with caudggression syndrome

Maternal / -
Sourpe'of gestational Renal Sg()a(r{ituarlo IA* | SUA* Other major
description|  age disorders disorders malformations
(yr*/Hbd*)
Seidahmed 28/in normal f*/ normal| no no no
2014 term
Seidahmed 30/in left crossed | f*/ normal | no no neurodevelopmental delay,
2014 term ectopia, VUR VSD, PDA
(grade 1I)

* yr — years, Hbd «lat. hebdmas), f — female, IA — imperforated anus, SUA — singtehilical artery

4. Discussion and conclusions

Most common urogenital disorders include renal thsp, urethral dysplasia and total re-
nal agenesis [2], [4], [9].

Renal atresia or hypoplasia, urethral agenesisaasdnce of genitalia, excluding the go-
nads, have been reported with variable frequenkyi4® [9]. Ectopic renal tissue in the pel-
vis has also been reported [4]. Associated anomal®ude sacral agenesis, anorectal atresia,
imperforate anus, renal agenesis, absent urinaddel, lumbosacral and pelvic bone abnor-
malities, ambiguous genitalia, and single umbilexdéry [1].

Retrograde pyelography, performed at the same dsree perineal meatotomy showed pel-
vi-ureteric junction obstruction, with a short magater draining the pelvic horseshoe kidney
[11].

Renal agenesis can be demonstrated using ultraspiggas it was done among others by
Samal, Ikbal and their co-authors [5], [6].

Genital malformations or absence of genitalia @emon however gonads are usually
unaffected [2], [4], [11]. Ambiguous genitalia halveen also reported [2]. In view of the in-
consistencies in the definition of the term ‘gelmta(‘genitals’), including only external or
also internal organs of genital system, that tewrthis article is used only in the meaning of
external genital organs in general. Internal org#rthis system are mentioned by name.

Usually sirenomelia is diagnosed in the seconddsiter or even later due to the severe
oligohydramnios caused by renal agenesis. In csintmniotic fluid could be reduced in the
first trimester; it is formed by the amniotic merabe, thus making visualization of the fetus
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easier at this gestation [1], [2]. Color Dopplérasonography can help in identifying single
umbilical artery. Sirenomelia is unlikely if two umtical arteries are seen [1].

Detailed evaluation of fetal anatomy of abdomimealy not to be possible when gestation
age is too low. The fetal bladder is almost alwagthle at the 12-week scan. Transvaginal
scan is an excellent modality for imaging and sticag performed at the first-trimester for
better visualization of detailed anatomy. All fduimbs should be well visualized and should
be freely moving at the scan. It is recommendeplan postnatal evaluation by fetal X-ray
and autopsy as it confirms the diagnosis, whiokxisemely important for patient counseling
[1]. It is possible to detect sirenomelia in thestfitrimester, but it is very important to know
the symptoms, for the reason that prevention arlg degnosis could help patients.

Abdominal and cranial magnetic resonance couldoeoperformed when patient’s condi-
tion is poor [5]. In one case magnetic resonanacgognaphy delineated aorta tapering cau-
dally and dividing as it extended into the fuseddolimb segment [11].

Classical radiography, irrespective of whetherawital or post mortem, could be used to
examine skeletal changes as it was shown in casssilled by Garrido-Allepuz, lkbal and
their co-authors [4], [5].

Another issue important in the diagnostics andpifoeess of treatment is to detect and de-
scribe disorder in other organs, e.g. holoprosdmgp sometimes coexisting with si-
renomelia, is diagnosed using transabdominal argwaginal ultrasound examination of the
fetus with possibility to control it through antarifontanelle after birth, magnetic resonance
of the fetus and the neonate or computed tomographsain, if necessary [10].

It is valuable to perform imaging in every fetuslarewborn with sirenomelia. As it was
demonstrated most of patients have examinatiomst&fnal organs, but not all these that are
usually affected.

At the end it is worth noting that there is an asson between sirenomelia or caudal re-
gression syndrome and VACTERL (vertebral, analdiear, tracheo-esophageal fistula, renal
and limb malformation) [12].
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