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SUMMARY: Sirenomelia or mermaid syndrome is an extremely rare congenital lethal malformation with a frequency between
1.5 and 4.2 per 1 000 000 pregnancies.The association of sirenomelia with the VACTERL association is very rare, withasventy cas
reported in the literature and only two cases with VACTERL-H. We present two cases of sirenomelia, type | and type ldl aggociate
VACTERL-H and VACTERL syndromes and we review the literature. First time pregnancy women aged 15 and 40 years, without
harmful habits and diseases, where between 25-27 gestational week (GW) the prenatal study identifies malformative fetus and the
pregnancy is interrupted by medical evidence. The fetopathological examination in the first case identified sirenomesisogipéed
with myelomeningocele, hydrocephalus, anal imperforation, single umbilical artery, bilateral renal agenesis, ureteratnadénada,
tracheo-esophageal fistule, agenesis of external genitals, monkey fold of the left palm of the hand - VACTERL-H. In tkassecond
where genetic testing is normal, sirenomelia type Il associated with agenesis of external genitalia, anal imperforati@minyaslela,
dolichocrania, macroglossia, low set ears, left preauricular skin tag, long philtrum, lung hypoplasia, split cadiac @&pem/siinglis
artery, blind end colon, hepatomegaly, accessory spleen, polycystic horseshoe kidney, uterine and vaginal agenesis,tp@sence of
ovaries and duodenal stenosis - VACTERL association. This two cases, lead us to believe that sirenomelia and the VACBE®RL associ
are probably different manifestations of a pathogenetic process leading to disorders of blastogenesis at different ¢eseibryoriic
development.

KEY WORDS: VACTERL association; VACTERL-H; Sirenomelia; Embryonic development; Genetic study; Congenital
malformation.

INTRODUCTION

Sirenomelia or mermaid syndrome is an extremely We present two cases of sirenomelia, type | and type
rare congenital lethal malformation with a frequencyl associated with VACTERL-H and VACTERL syndromes
between 1.5 and 4.2 per 1 000 000 pregnancies (@tioliand we review the literature.
al., 2011). The anomaly is characterized by joints of the lower
limbs or one leg, hypoplasia or agenesis of the genital organs
and kidneys with no bladder, single umbilical arteryCASES REPORT
abnormalities of the spine and skeletons (Ké&digad., 1992;

Turgutet al, 2017).
Case 1Nesuplementirane with folic acid, primigravida of

Less commonly, lung hypoplasia, diaphragmatic hewoman at age 15, with low socioeconomic status, was
nia and cardiac abnormalities are observed (Isik Kaygusadmitted to the Clinic of Obstetrics and Gynecology,
et al, 2016). According to Stocker & Heifetz (1987)University Hospital "St. George", Plovdiv, Bulgaria with
sirenomelia has 7 types: | - all the bones of the thigh and Ipgogredient abortion. The prenatal ultrasound examination
are present; Il - one fibula; 111 - missing fibulae; 1V - partiallyrevealed a malformative fetus and the MRI - hydrocephalus
fused femurs and fully fused fibulae; V - partially fusedand defects in the lower spine (Fig. 1 B). This gives reason
femurs; VI - one femur and fibula; VII - one femur andio complete the abortion in 20 gestational week (GW). The
missing fibula. procedures followed were approved by the institutional

! Department of Anatomy, Histology and Embryology, Faculty of Medicine, Medical University-Plovdiv, Bulgaria.
2 Clinic of Obstetrics and Gynecology, University Hospital "St. George ", Plovdiv, Bulgaria.

3 Department of Surgery, Faculty of Medicine, Medical University-Plovdiv, Bulgaria.

4 Department of Neurosurgery, Faculty of Medicine, Medical University Plovdiv, Bulgaria.
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Fig. 1. Sirenomelia. Aand B/
Radiography (face and
profile). One lower limb with
bones for two lower limbs and
feet; C / Prenatal MRI
visualizes the available
hydrocephalus and defects of
the lower spine and spinal
cord.

A

Fig. 3. Anterior view of Fig. 4. Posterior view of the fetus
the fetus: sirenomeliaand Sirenomelia, myelomeningocele

agenesis of external and analimperforation.
Fig. 2. Sirenomelia. A / Profile picture of the fetus. Cysti P
f%enltalla.

lumbosacral spina bifida (arrow), sirenomelia; B / Posterior vie

of fetus, Cystic lumbosacral spina bifida (arrow) and sirenomelia;

C/ agenesis of right phrenic dome, agenesis of the internal genitdidgateral renal and ureteric agenesis, bladder agenesis,

and bladder, blindly ending colon; D / Agenesis of external genitalibacheo-esophageal fistula, agenesis of external genitals,

and sirenomelia. female internal genitals, monkey fold of the left palm of the
hand, sirenomelia type I: (Fig. 2). Fetopathological diagno-

Ethics Committee of the Medical University of Plovdivsis was sirenomelia with VECTERL — H association.

(Protocol 5, 29.09.2016) and were in accordance with the

Helsinki Declaration of 1975, as revised in 2000.

Case 2Folic acid supplemented a woman at the age of 40,

Implemented X-ray examination of the fetusprimigravida healthy eating, no bad habits and illnesses.

confirmed MRI data for severe defects in the lower spinEhere are no anomalies of this kind. During the 5th month

(Fig. 1 A,B). The fetopathological examination found fetabf pregnancy she had bleeding and enters in the Clinic of
growth restriction (FGR), lumbo-sacral myelomeningocelé)bstetrics and Gynecology, University Hospital "St. George
hydrocephalus, anal imperforation, single umbilical artery, Plovdiv, Bulgaria. A prenatal ultrasound examination
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revealed the presence of malformative syndrome, whichngacroglossia, low set ears, long philtrum, lung hypoplasia,
why a medical abortion was performed in 27 GW. Theregular lobulation, split cadiac apex, single umbilical artery,
procedures followed were approved by the institutionddlind end colon, hepatic fibrosis, accessory spleen, polycystic
Ethics Committee of the Medical University of Plovdivhorseshoe kidney, agnesis of the uterus and vagina, the
(Protocol 5, 29.09.2016) and were in accordance with tipeesence of two ovaries and duodenal stenosis (Figs. 3 and
Helsinki Declaration of 1975, as revised in 2000. Thé).
previous amniocentesis and genetic testing did not detect
abnormalities. X-ray showed sirenomelia type Il, histological
examination revealed renal polycystosis, cysts of the
Fetal necropsy reveals fetus with sirenomeligparenchymal organs, lung, liver, brain, spinal cord and heart
agenesis of external genitalia, anal imperforation, spina bifigigs. 7 and 8). The fetopathologic diagnosis was sirenomelia
cystica, left preauricular skin tag (proboscis), dolichocraniassociated with VECTERL.

Fig. 7. Radiography (face
and profile) - visualizes the
single fibula and vertebral
| defects.

Fig. 5. Polycystic kidney, ovary and
single umbilical artery (arrow).

Fig. 6. Blind end colon (white arrow),
bladder agenesis and single umbilicalFig. 8. Histological examination. A/ cysts in the lungs; B / Myocardial cysts; C / Kidney cysts;
artery (black and white arrow). D / Cysts in the cerebral cortex.
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DISCUSSION Most fetuses with sirenomelia have impaired blood
supply, because the umbilical artery associated with the upper
mesenteric arteries.

In the study of Isik Kaygusuet al the presence of

single umbilical artery in cases of sirenomelia was found in According to another hypothesis, the caudal

60 % of cases, which is confirmed by our cases. mesoderm is damaged during blastogenesis of the embryo,
which causes complete malformation of the caudal part of

According to Orioliet al, the sex of fetuses with the embryo (Turguét al).

sirenomelia cannot be established in 46 % of cases, whereas,

according to Kirimiet al. (2010) the male sex is three times Sirenomelia is a typical example of a primary

more than that of the female. blastogenesis defect affecting multiple primordial cells
located around the middle line during the final stages of

In both cases, there is agenesis of the externgédstrulation at the level of the caudal eminence.

genitalia, but the fetopathology examination showed

evidence of female internal genitalia. The caudal eminence is responsible for the production
of mesenchyme for the lower limbs and perineum, somites

Kallen et al (1992) reported an increased risk ofand vertebrae until the closure of the most caudal neuropore.
sirenomelia in fetuses worn by mothers under 20=a40

years of age, and this finding is not statistically significant. Disruption of morphogenetic processes occurring at

In their large epidemiological study, Ori@t al. noted an the level of the caudal eminence can lead to malformations

increased risk of sirenomelia at maternal age below 20 yeavéthe sacrococcygeal vertebrae, various degrees of caudal

The maternal age in our two cases is 15 and 40 years, whilyfsgenesis, and sirenomelia (Opgtzal, 2002).

confirms what Kalleret al., (1992) and Oriolet al say.

In experiments with mice, Garrido-Allepwet al
Until recently, sirenomelia was considered to be th@011) determined genetic changes. Sirenomelia has been
most severe form of caudal regression syndrome (CR®hserved in mice lacking Cyp26al, an enzyme that degra-
but lately it is thought that they are two different anomaliedes retinoic acid (RA), which results in a reduction of
with different embryonic origin (Tonni & Grisolia, 2013). signaling of the morphogenetic protein in the caudal part of

Both of them have common specific anomalies, but ithe embryo. The phenotypes of these mutant mice suggest

addition to the fusion of the lower limbs, the presence difiat sirenomelia in humans is associated with an excess of

an aberrant umbilical artery / "persistent vitelline artery” iRA signaling and a deficiency of Bmp signaling in the cau-

a major anatomical finding that distinguishes sirenomel@al part of the embryo.

from CRS (Van Keirsbilclet al, 2006; Duesterhoedt al,

2007). Caudal regression syndrome arises from a primary  The most common central nervous system

defect of the caudal mesoderm between the 28th and 3Zithormalities reported in the literature are alobar

gestational days. Teratogenic agents during third GW maygloprosocephaly and lumbar meningomyelocele, which is
interfere with the formation of the notochord, leading talso confirmed by our cases in which myelomeningocele
abnormal development of caudal structures (Van Keirshil¢dlas been presented (Turgatal).

et al).

Many of the anomalies in fetuses with sirenomelia are

The occurence of sirenomelia has been reported igtentical to those associated with VA (C) TER / VACTERL
the literature by several mechanisms: caudal mesodeassociations. The VACTERL association occurs between 1 in
deficiency due to impaired blastogenesis, mechanical defet®000 and 1 in 40,000 children, approximately <1-9 per
resulting from lateral compression by amniotic folds, an#l00,000 children and is an acronym for a combination of at

trophic defects due to insufficient blood supply in the postéeast three of the following anomalies: vertebral defects (V),

rior region (Tonni & Grisolia). The hypothesis of impairedanal atresia (A), heart defects (C), tracheo-esophageal fistula

blood supply to the caudal end of the embryo by vascul@rE), renal abnormalities (R), and limb defects (L) (Solomon,
theft is the most likely cause of sirenomelia (Duesterhoet011). In some cases, the acronym extends to VACTERLS to
et al). According to it, abnormal vasa vitelina leads to @&clude a single umbilical artery (Boet al, 2007). There is
reduction of arterial blood flow to the caudal end of théttle clinical and genetic evidence of heterogeneous etiology
embryo, whichdisrupts its normal development and causiespatients with the VACTERL association. Genetic factors
aberrant formation of the lower limbs (Van Keirsbilek associated with the VACTERL association include
al.; Duesterhoefet al). mitochondrial dysfunction, chromosomal deletions or
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duplications, as well as mutations of the HOXD13, ZIC3g|TovA, T. T.: UCHIKOVA, E. H.: UCHIKOV, P. A. &
PTEN, FANCB, and FOXF1 genes (Chenal, 2013). In  KITOV, B. D. Sirenomelia asociada con sindrome de VACTERL
addition to genetic causes, it is accepted that a small numg&fACTERL-H. Int. J. Morphol., 38(3)93-798, 2020.

of external and internal factors can also lead to the development

of the disease, such as diabetes mellitus, long-term treatment ~ RESUMEN: La sirenomelia es una malformacion conge-

for infertility, pregnancies worn in geographical areas neditay excepcionalmente rara, con una frecuencia entre 1,5y 4,2 en
mines and groundwater (Orneyal, 2010) un millén de embarazos. La combinacion de la sirenomelia con el

sindrome de VACTERL es igualmente rara. La literatura especia-

L L. . lizada informa sobre la estencia de una veintena de casos sola-
The combination of VACTERL association with nente: en lo que respecta a su asociacién con el sindrome de

hydrocephalus was first described in 1984 and since thgRCTERL-H se conocen solo dos casos. Luego de realizar una

this state is described as VACTERL-H syndrome (Brédrd revision de la literatura presentamos dos casos de sirenomelia
al., 1984). A part of patients with the syndrome VACTERLasociada con los sindromes de VACTERL-H y de VACTERL En

H is established and associated with an X chromosorgkestudio se analizaron los primeros embarazos de dos mujeres,
inheritance of anemia Fanconi, combined with a mutatigifiad de 15y de 40 afios, respectivamente, ambas mujeres com-
of the FANCB gene (McCaulest al, 2011). Other patients pletamente sanas y sin habitos viciosos. Entre la vigésima quinta

with VACTERL-H syndrome have a lack of the combinatiorf /2 V/9ésima séptima semana gestacional (SG) del embarazo

of Eanconi anemia and chromosomal abnormalities. whi mbas mujeres, el andlisis prenatal comprueba la existencia de
. . : : . ies, w 'ﬁi‘alformacién del feto debido a lo cual los embarazos fueron in-
is confirmed by our patient 1.

terrumpidos por prescripcion médica. El andlisis fetopatoldgico
del primer caso comprueba la existencia de sirenomelia de tipo |
Classically, sirenomelia has been isolated. Thasociada con mielomeningocele, hidrocefalia, atresia anal, arte-
coexistence of sirenomelia with one or more features of thiea umbilical Unica, agenesia bilateral de los rifiones y de los
VACTERL association is possible but rare (Chardienl, ureteres que transportan la orina desde los rifiones hasta la vejiga,
2008). fistula traqueoesofagica, agenesia de los 6rganos genitales exter-
nos, linea simiesca en la palma de la mano izquierda—VACTERL-
é—& En el segundo caso, en que el andlisis genético ha resultado

Twenty cases of sirenomelia have been report ) : : : : :
associated with multiole symotoms of VACTERL and onl normal, se observo la presencia de sirenomelia de tipo Il asocia-
ple symp a con agenesia de los érganos genitales externos, atresia anal,

2-3 with VACTERL-H (Onyeijeet al, 1998; Duesterhoeft mielomeningocele, dolicocrania, macroglosia, orejas bajas, filtrum
et al; Vasishtet al, 2019). alargado, hipoplasia pulmonar, 4pice cardiaco escindido, arteria
umbilical Unica, colon terminado en ciego, bazo accesorio,
In two of the six cases of Seidahmetdal. (2014) poliquistosis renal, rifién en herradura, agenesia vaginal y de Ute-
there are 5 of the 7 components of VACTERL without &, presencia de dos ovarios y estenosis duodenal — VACTERL

trachea-esophageal fistula that may have been miss@s@ciacion. Los dos casos investigados permiten llegar a la con-
because no autopsy was performed clusion de que la sirenomelia y su combinacion con el sindrome

de VACTERL probablemente sean manifestaciones diferentes de
un proceso patogenético que conlleva la alteracion de la

. The se_venty_ of anomall(_as in sirenomelia, eSpe_C'a"lglastogénesis en distintos niveles durante el proceso del desarro-
in the gastrointestinal and urinary tract, may explain thg, embrionario.

presence of similar components in the VACTERL association

(Seidahmeaet al). Lhuaireet al (2013) describe a case of PALABRAS CLAVE: VACTER; Asociacion;
sirenomelia associated with the VACTERL association anthCTERL-H; Sirenomelia; Desarrollo embrionario; Estudios
Thomas syndrome characterized by renal and cardigenéticos; Malformacion congeénita.

malformations and cleft lip or palate. Moasiaal (2012)

reported 4 cases of sirenomelia associated with the

VACTERL association. REFERENCES
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