Human Reproduction Update 1999, Vol. 5, No. 1 pp. 82-86 © European Society of Human Reproduction and Embryology

Sirenomelia. Pathological features, antenatal
ultrasonographic clues, and a review of current
embryogenic theories
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We aimed to discuss the prenatal diagnosis and pathological features of sirenomelia, and to review current embryogenic
theories. We observed two sirenomelic fetuses that were at the 19th and 16th gestational week respectively. In the former,
transvaginal ultrasound revealed severe oligohydramnios and internal abortion, whereas bilateral renal agenesis, ab-
sence of a normally tapered lumbosacral spine, and a single, dysmorphic lower limb were detected in the latter. In both
cases, X-rays and autoptic examination allowed categorization on the basis of the skeletal deformity. Subtotal sacro-
coccygeal agenesis was present in both cases. Agenesis of the urinary apparatus and external genitalia and anorectal
atresia were also found. Classification of sirenomelia separately from caudal regression syndrome is still debated. Recent
advances in the understanding of axial mesoderm patterning during early embryonic development suggest that sire-
nomelia represents the most severe end of the caudal regression spectrum. Third-trimester ultrasonographic diagnosis is
usually impaired by severe oligohydramnios related to bilateral renal agenesis, whereas during the early second trim-
ester the amount of amniotic fluid may be sufficient to allow diagnosis. Early antenatal sonographic diagnosis is
important in view of the dismal prognosis, and allows for earlier, less traumatic termination of pregnancy.
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References 86 The presence of severe oligohydramnios related to bilateral
renal agenesis usually hinders a reliable ultrasonographic ex-
ploration of the caudal extremity of the fetus; therefore, the
diagnosis is usually made at autopsy (Siebdl, 1989; Van
Sirenomelia is a very rare congenital malformation, with agalen-Sproclet al, 1995). To our knowledge, only two cases
incidence of between 1:60 000 (Nybexgal, 1989) and of early second trimester diagnosis have been reported so far
1:100 000 births (Lituania and Toma, 1996). Males are préVan Zalen-Sprockt al, 1995). The present study reports two
dominantly affected, with a sex ratio of 2.7:1, and the anomaBiases with ultrasonographic findings at the 16th and 19th
is more common in one of two monozygotic twins (Murphy gestational week, and post-mortem radiological and patho-
al., 1992). Sirenomelia is characterized by single or fuseldgical results. Clues for an early prenatal diagnosis and
lower limbs associated with other severe anomalies, such pathological features are discussed; a review of current em-
bilateral renal agenesis, which are incompatible with life ifbryogenic views is also presented, mainly focusing on the
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relationships between sirenomelia and caudal regression symder treatment for that disease. The family and maternal
drome (CRS). obstetric histories were uneventful. Ultrasound was per-
formed employing an Aloka SSD 680 (Japan) apparatus with
Convex probe (3.5 MHz) for transabdominal scanning and a 5
MHz probe for transvaginal scanning. The examination re-
Case no. 1 vealed a fetus with biometric parameters corresponding to 14

) weeks gestational age, showing normal cardiac activity and
A 28-year-old woman, gravida 1, para 0, was referred to Oygtive body movements. There was partial amniochorial dis-

institution at 19 weeks gestational age, as determined by h&fnnection, and the fetus and placenta lay within two separate
last menstrual period, to undergo ultrasound examination @gcs. The amniotic fluid was slightly reduced, and there was
part of a routine screening of neural tube defects. The mate”é\%]enesis of the kidneys and bladder. A normally tapered lum-
medical and obstetric histories were uneventful, as well as thgsgcral spine could not be demonstrated. In scanning
family history. Ultrasonography was performed using amnrough the lower fetal extremity, only a single femur was
Aloka SSD 680 (Japan) apparatus with a 3.5 MHz Convedearly visible; the presence of a rudimentary tibia and calca-
probe for transabdominal scanning, and a 5 MHz probe Wagm was questionable (Figure 1A—C). A diagnosis of sire-
used for transvaginal scanning. The ultrasound revealed $§melia was made, and the pregnancy was interrupted by
vere oligohydramnios with bilateral renal agenesis and alndovaginal administration of a suppository containing 500
sence of a bladder. The lumbosacral spine could not of PGB, according to the patient’s wish and in agreement
adequately evaluated. Severe oligohydramnios also hinderggl, ltaly’s regulations. External examination (Figure 1D)
a thorough morphological assessment of the lower limbs. Agayealed a fetus weighing 40 g with a single, severely hypo-
tive movements and cardiac activity could not be demonsjastic right lower limb. Contralaterally a small, congested
strated in the fetus, and a diagnosis of internal abortion WaSesenchymal bud was the only remnant of the left lower limb.
made. The expulsion of the fetus was induced by two intrgme placenta was normal with an eccentrically attached two-
muscular injections of prostaglandins (P&t a 500ug  essel cord.
dose, 6 hrapart. o _ Aradiograph of the body of the fetus (Figure 1E) confirmed

External examination revealed a fetus weighing 60 g with fhe diagnosis of sirenomelia. The left hip was absent, and only
single, severely hypoplastic lower limb. The placenta wag rydimentary ileum was seen on the right side. There was a
normal with a centrally attached two-vessel cord. ~ single, rudimentary right lower limb with a hypoplastic femur

A radiograph of the body of the fetus confirmed the diagang a rudimentary ossification centre for the calcaneum. Sub-

nosis of sirenomelia. The upper limbs were normal except f@gi4) sacrococcygeal agenesis was detected, with only the
agenesis of the right thumb. The right hip was absent, wheregssification centre of S1 present.

only a rudimentary ileum was seen on the left side. There wasp autopsy, the head, neck, upper limbs, heart and lungs
a single, rudimentary left lower limb with a single femur andyere normal. There was agenesis of the kidneys, ureters and
tibia. Partial sacrococcygeal agenesis was detected, with ol dder, and both renal arteries were hypoplastic. The external
the ossification centres of S1 and S2 present. _ genitalia were undetermined, and the male gonads lay at the
Autopsy also confirmed the diagnosis of sirenomelia. Thgyternal inguinal orifice. There was anorectal atresia, and the
head, neck, and lungs were normal. The right cardlac_ ventrid®|on ended blind with the sigma. A hypoplastic right ileum,
was markedly hypertrophied. There was agenesis of tgmyr and calcaneum were present, whereas a small, con-

kidneys, ureters and bladder, and hypoplastic renal arteri@gsted mesenchymal bud was the only remnant of the right
bilaterally. The external genitalia were undetermined, and thg\er limb.

male gonads lay at the internal inguinal orifice. There was

anorectal atresia, and the colon ended blind with the sigma. A

hypoplastic ileum, femur and tibia were the only rudiments dflaternal history
the hip and left lower limb, whereas the right lower limb wa;
altogether absent.

Ultrasound diagnosis and case study details

sI'he only maternal disease that is known to be associated with
sirenomelia is diabetes mellitus (2% of cases), albeit much
less frequently than with CRS (22% of cases) (Twickiat,

1993; Van Zalen-Sproadt al, 1995). The only relevant find-

A 26-year-old woman, gravida 1, para 0, was first seen at oing in the maternal histories of our cases was a prior diagnosis
institution at 16 weeks gestation. Transabdominal ultrasourad SLE in case no. 2. The effects of SLE on the course of
performed 1 week earlier by her doctor had shown indistingiregnancy and on the fetus are well known, and include an
abnormalities in the lower extremity of the fetus, so the patiemicidence of spontaneous aborti@®-{3®6 of cases) that is

had been referred to our institution to undergo transvaginddice the normal rate, prematurity and intrauterine growth
ultrasound. The patient had been diagnosed with systentdelay, increased fetal mortality, gestosis, and a neonatal lupus
lupus erythematosus (SLE) at age 18 years, but she was sghdrome that characteristically includes cutaneous and hae-

Case no. 2
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Figure 1.(Case no. 2) (A—C) Transvaginal ultrasound, 16th week. The lower limb is composed by the femur (thirAgraot amquestionable
rudimentary tibia (triangle iA) and calcaneum (thick arrowAx). This was the only reliable ultrasonographic feature of sirenomelia, together
with the absence of visualization of the contralateral lower limb. There is agenesis of one hip and lower limb, wheressratynmadys-
morphic hip (arrow iB) and thigh (triangles iB) are visible. A forearm (arrow @) and hand (arrowhead @) are normally visible in front of

the trunk (T) in this sagittal sectio®) Fetus with single aberrant lower limlg)(X-rays depict single femur (type VIl sirenomelia) and rudi-
mentary ossification centre of the calcaneum. There is sacrococcygeal agenesis, with only the ossification centres fr S1 prese

matological abnormalities, splenomegaly, hepatomegaly, af@lues for an antenatal ultrasonographic
cardiac malformations (Hayslett, 1991). However, we werdiagnosis

unable to find any report on an association between sirenome-
lia and SLE, and we were unable to determine whether the sirenomelic fetuses, bilateral renal agenesis causes severe
association was casual or not in our case. oligohydramnios, hindering a reliable sonographic evaluation
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of the lower extremity in the second and third trimestera single, rudimentary limb; according to current classification
(Chenowettet al, 1991; Van Zalen-Sproait al, 1995). In  schemes (Stocker and Heifetz, 1987), seven variants may be
some cases, bilateral renal agenesis is the only antenatal sadentified (Table 1).

graphic finding, and the diagnosis is made after termination of

pregnancy. Sirtoet al.(1989) were able to identify sirenome- taple 1. Classification of sirenomelia by Stocker and Heifetz

lia sonographically in five out of 11 cases (none before 2R987)

weeks gestational age), whereas a diagnosis of renal agenésjge Characteristics

was advanced in the remainder. In cases where ultrasouryd
reveals an absence of cardiac activity and active fetal move-

All thigh and leg bones are present

ments, as occurred in case no. 1, there is obviously no need for Single f'l_JUIa

further investigations and the pregnancy should be rapidly" Absent fibula

terminated. However, if the fetus is vital, additional diagnostic'V Partially fused femurs, fused fibulae
tools may be used to visualize the lower fetal extremity bettery Partially fused femurs

such as infusion of normal saline solution into the uteriney, Single femur, single tibia

cavity (Gembruch and Hansmann, 1988; Siebal, 1989; Single femur, absent tibia

Chenowettet al, 1991) and high-frequency transvaginal ul-
trasonographic probes (Van Zalen-Spretkl, 1995). The aetiology of sirenomelia is still widely debated

Whereas oligohydramnios is a sonographic marker of ateChenowethet al, 1991: Twickleret al, 1993: Van Zalen-
sent or non-functioning kidneys from the second half of pregs,cket al, 1995), and there is no widespread consensus as
nancy onwards (Van Zalen-Sproek al, 1995), in earlier 4 the autonomous status of sirenomelia versus CRS, in which
g_es_tatlor)al stages other contrlbutc_)rs to the production of aMysmorphic and maldeveloped lower limbs are found in as-
niotic fluid are present (Bronshteet al, 1993); therefore, i iation with both genito-urinary and anorectal anomalies
early |n.tr_1e second trlmester.the amount of amnlotlc_flwd MaYnq a variable degree of lumbosacral agenesis (Twigtidiy
be sufficient to allow detection of abnormal lower limbs, as gg93) The presence in sirenomelic fetuses of a large, aberrant
we noticed by ultrasound at the 16th week in case no. 2. Othgryie ymbilical artery originating from the abdominal aorta
than bilateral renal agenesis and the absence of a bladqeyy|q support the separation of the two entities, as such feature
ultrasonographic features which may become apparent in tg, ot typical of CRS. Such an artery, which should actually be
presence of a sufficient amount of amniotic fluid include UNfegarded as an abnormal persistence of the vitelline artery
determined external genitalia, anorectal atresia and Iumbo?@;ilbert—Barness and Van Allen, 1997), is associated with
cral agenesis. Other frequent abnormalities involve thg,oniasia of the aortic collaterals downwards. Therefore,
abdominal wall and cardiovascular system. Hypertrophy Qfascyiar steal would divert nutrients from the caudal end of
the right ventricle may ensue in later stages as a consequegggempryo, with resulting underdevelopment, malformation,
of renal agenesis and oligohydramnios (Reedl, 1988). o 4rrest of caudal organs and tissues at an incomplete stage
Doppler flow imaging invariably reveals a two-vessel Umb""(Chenowetret al.1991). Our observation of a pelvic mesen-
cal cord (Van Zalen-Sprock, 1995). _ chymal bud as the only remnant of an aplastic lower limb

An ez_;lrly antenatal dlagnpss of sirenomelia may be SUBsase no. 2) might support this theory. Bilateral renal agenesis
pected in the presence of bilateral renal agenesis, malformgd, | he nicely explained as a result of hypoplasia of the renal
lower limbs and a single umbilical artery. Such sonographigeries. However, the ‘vascular steal” theory fails to explain
signs were readily apparent in our 16th week fetus (case Rie frequent association with other abnormalities such as
2), whereas severe oligohydramnios hindered a precise evalijania| cardiac and oesophageal defects, and the relationship
ation as early as in the 19th week in case no.'l. Thergfore, W&h the VACTERL syndromic complex, which is frequently
encourage an active search for sonographic signs of Sirenomgs orted in the literature (Murptet al, 1992; McCoyet al.
lia in the early second trimester in all fetuses with bilaterai994; Schiiler and Salzano, 1994).

renal agenesis, as the diagnosis may be more readily made iR\, aiterative theory suggests that caudal deficiency repre-

this period than later, when oligohydramnios develops. Earlyanis a single anomaly of varying degrees (Chenceteth

diagnosis will allow termination of the pregnancy at an early gg1), caused by early developmental disruption of the caudal
stage, with minor risks and discomfort for the patient. mesoderm (Murphyt al, 1992; Van Zalen-Sprockt al,
1995). A teratogenic event during the gastrulation stage, i.e.
during the 3rd gestational week, may interfere with the forma-
tion of the notochord, resulting in abnormal development of
caudal structures (Dias and Walker, 1992). Because the noto-
As previously stated, dysmorphic lower limbs are a principathord acts as neural inducer, neural tube defects are frequently
feature of sirenomelia. The spectrum of lower limb anomalieassociated (Chenoweth al, 1991; Cheret al, 1997). Ac-
ranges from simple fusion of the soft tissues to the presenceaafrding to such a theory, sirenomelia and CRS are nothing but

Pathological features and correlation with
embryogenic theories
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two ends of a single malformative spectrum (Béhm, 1988;henoweth, C.K., Kellogg, S.J. and Abu-Yousef, M.M. (1991) Antenatal

CR ; ; sonographic diagnosis of sirenomelid. Clin. Ultrasound 19,
Murphy et al, 1992), varying in severity from minor forms 167—171.

with isolated coccygeal agenesis to the full-blown sirenomeligjarke, L.A., Stringer, D.A., Fraser, G.€.al.(1993) Long term survival
sequence; sirenomelia would result from a failure of lateraliz-  of an infant with sirenomeligdm. J. Med. Gene#5, 292-296.

ation secondary to mesenchymal deficiency of the caud3i2s; M-S. and Walker, M.L. (1992) The embryogenesis of complex
dysraphic malformations: a disorder of gastrulatioR@diatr.

eminence (O’Rahilly and Muller, 1989). Moreover, prior  Neurosurg, 18, 229-253.
authors have reported on sirenomelia associated with anenbghamel, B. (1961) From the mermaid to anal imperforation: the
phaly (Rodriguezt al, 1991) and alobar holoprosencephaly syndrome of caudal regressidkrch. Dis. Child, 36, 152-156.

dGembruch, U. and Hansmann, M. (1988) Artificial instillation of amniotic
(Cheretal, 1997). A vascular developmental anomaly would™  fiig as a new technique for the diagnostic evaluation of cases of

fail to explain such associations; rather, they strongly suggest oligohydramniosPrenat. Diagn, 8, 33—45.

; ; ; ; i ilbert-Barness, E. and Van Allen, M.l. (1997) Disruptions. In
a multlsegmental failure in axial mesodermal patterning & Gilbert-Barness, E. (edPotter’s Pathology of the Fetus and Infant
their common cause. Mosby, St. Louis, pp. 322-387.

The difficulties in identifying pathogenic mechanisms forHayslett, J.P. (1991) Maternal and fetal complications in pregnant women

sirenomelia and CRS has stimulated the search for prenata] With systemic lupus erythematosiésn. J. Kidney Dis17,123-126.
ome S € P %a'len, B. and Winberg, J. (1974) Caudal mesoderm pattern of anomalies:

uItrasonogrqphic fe_atl_Jres which may prove sufficiently r_eIi— from renal agenesis to sirenomeliaratology 9, 99—111.
able for a differentiation of the two entities. Caudal spinalituania, M. and Toma, P. (1996) Diagnosi prenatale. In Tortori-Donati, P.,

dysgenesis, consistently present in both sirenomelia and CRS, Taccone, A. and Longo, M. (edWalformazioni Cranio-Encefaliche.

. . . Neuroradiologia Minerva Medica, Turin, pp. 23-90.
could add value to the hypothesis that sirenomelia represeméc()y M.C. Cf?escheir N.C. Kuller J_mpa'?. (1994) A fetus with

an extreme form of CRS. Twicklet al. (1993) questioned sirenomelia, omphalocele, and myelomeningocele, but normal

whether sirenomelia should be included in the CRS spectrum, kidneys.Teratology50,168-171. _ _
d stressed the fact that renal agenesis is nearlv alwavs I[\(/_I}usr_phy, J.J., Fraser, G.C. and Blair, G.K. (1992) Sirenomelia: the case of
anas g y YS Pre€Sine surviving mermaidl. Pediatr. Surg.27,1265-1268.

ent in sirenomelia and very rare in CRS; however, a variablgberg, D.A., Mahoney, B.S. and Pretorius, D.H. (eds) (19&&)nostic
degree of renal dysplasia is a well-known feature of CRS Ultrasound of Fetal Anomalies: Text and Atl¥gar Book Medical

. . . . . Publishers, Chicago, pp. 187-190.
(Duhamel, 1961; Kallen and Winberg, 1974; Rubinstein ang’RahiIIy, R. and Muller, F. (1989) Interpretation of some median

Bucy, 1975). The presence in our cases of some features typi- anomalies as illustrated by cyclopia and simméleatology 40,
cal of sirenomelia and distinctly uncommon in CRS, such as a 409-421.

single umbilical artery and bilateral renal agenesis, could B%eegi:h};'clar’diégg%rﬁsn/i\nc&ll:éi?:sd Nser\;f%fli p"'sefeds) (19885l

explained by a different degree of severity of early embryoniRodriguez, J.I., Palacios, J. and Razquin, S. (1991) Sirenomelia and
damage. anencephalyam. J. Med. Genet39, 35-37.
; ; : P «ec . Rubinstein, M.A. and Bucy, J.G. (1975) Caudal regression syndrome: the

In co.nclusmn, we pellgve that the |dent|f|cat|oq of differ urologic implicationsJ. Urol., 114,934-937.
ences in sonographic signs between sirenomelia and CEB&ader, S.J., Savader, B.L. and Clark, R.A. (1989) Sirenomelia without
adds little, if any, support to the hypothesis of a separation $0tter Syﬁdlrgn;%ig g/lgFil characteristicsl. Comput. Assisted

e : omographyl3, 689-691.

bgtween t,he,se entities. Even though we tend to believe t%’%mer, L. and Salzano, F. (1994) Patterns in multimalformed babies and
sirenomelia is the most severe end of the CRS spectrum, an the question of the relationship between sirenomelia and VACTERL.
antenatal sonographic differentiation between the two entities Am. J. Med. Gene#9, 29-35.

: : : : : :Sirtori, M., Ghidini, A., Romero, Ret al.(1989) Prenatal diagnosis of
is nonetheless important in view of the different progn03|§ sirenomelial. Ultrasound Med 8, 83-88.

associated with these abnormalities. Stocker, J.T. and Heifetz, S.A. (1987) Sirenomelia. A morphological study
of 33 cases and review of the literati®erspect. Pediatr. PatholLO,
7-50.
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