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Antenatal diagnosis of left atrial isomerism and heterotaxy
syndrome in fetus with Meckel-Gruber syndrome

Meckel-Gruber sendromlu bir fetuste sol atriyum izomerizmi ve
heterotaksi sendromunun antenatal tanisi
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Summary—We aimed to present a fetus with Meckel-Gruber
syndrome (MKS) who had left atrial isomerism, heterotaxy
syndrome and complete heart block. A 26-year-old healthy
female was referred to our clinic in the 23rd week of her preg-
nancy. The fetus had multiple systemic anomalies including
fetal heart. Fetal echocardiography revealed a horizontal liv-
er, left-sided stomach and vena cava interruption with azygos
continuation. There was also an apical trabecular ventricular
septal defect, aorta and pulmonary artery arising from the
left ventricle, pulmonary artery hypoplasia, pulmonary valve
stenosis and left atrial isomerism. The heart rate was 46/min,
consistent with third-degree atrioventricular block. Multiple
anomalies including occipital encephalocele, bilateral poly-
cystic kidneys, cleft lip, cleft palate, and polydactyly were
also detected in the obstetric ultrasonography. The pregnan-
cy was terminated in the 23rd gestational week based on the
consensus of perinatology council. The autopsy examination
confirmed the diagnosis of MKS, left atrial isomerism and
heterotaxy syndrome. Although some cardiac defects have
been reported previously in MKS fetuses, here we expand
the cardiac spectrum of anomalies associated with MKS to
include left atrial isomerism and heterotaxy syndrome.

eckel-Gruber syndrome (MKS) was first defined
by the German anatomist Johann Frederick
Meckel in the 19th century. The incidence of MKS
ranges from 1 in 13,250 to 1 in 40,000 live births.™
MKS is the most severe form of the inherited spec-
trum of diseases called ciliopathies. The other condi-

Ozet-Bu yazida, sol atriyum izomerizmi, heterotaksi send-
romu ve tam kalp blogu olan Meckel-Gruber sendrom’lu
(MKS) bir fetus sunuldu. Yirmi alti yasindaki saglikli anne
gebeliginin 23. haftasinda klinigimize basvurdu. FetUsun
kalbi de iceren cok sayida sistemik anomalisi vardi. Fotal
ekokardiyografide horizontal karaciger, sol yerlesimli mide
ve azigos devamlihgi olan kesintili kaval veni vardi. Ayrica
apikal trabekuler ventrikuler septal defekt, sol ventrikulden
cikan aorta ve pulmoner arter, pulmoner arter hipoplazisi,
pulmoner kapak stenozu ve sol atriyum izomerizmi mev-
cuttu. Kalp hizi 46/dk idi ve Ugunctu derece kalp blogu ile
uyumlu idi. Obstetrik ultrasonografisinde oksipital ensefalo-
sel, iki tarafli polikistik bobrekler, yarik dudak, yarik damak
ve polidaktiliyi iceren cok sayida anomali saptandi. Perina-
toloji konseyi karari ile 23. gebelik haftasinda gebelik son-
landirildi. Otopsi incelemesi sol atriyum izomerizmi hetero-
taksi sendromu ve MKS tanisini dogruladi. Meckel-Gruber
sendromlu fetuslerde daha dnce birtakim kardiyak defektler
bildirilmis ise de, biz burada sol atriyum izomerizmi ve hete-
rotaksi sendromunu da iceren MKS ile iligkili kardiyak ano-
maliler spektrumunu genigletmis olduk.

tions with ciliary involve-
ment are Joubert syndrome,
nephronophthisis (NPHP),
Bardet-Biedl syndrome, COACH syndrome, and Se-
nior-Legken syndrome. MKS is autosomal recessively
inherited and caused by dysfunction of primary cilia

Abbreviation:

MKS  Meckel-Gruber syndrome
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during early embryogenesis. Bergmann et al.’} dem-
onstrated in patients and mice that Nephrocystin-3
(NPHP3/Nphp3) gene mutations can cause embryonic
lethality, Meckel-Gruber-like syndrome, situs inver-
sus, renal-hepatic-pancreatic dysplasia, and congenital
heart defects including aortic stenosis, atrial septal de-
fect (ASD), right ventricular hypertrophy, and patent
ductus arteriosus (PDA).

In MKS, the typical fetal sonographic triad includes
polycystic renal dysplasia (100%), occipital encepha-
locele (90%) and postaxial polydactyly (83%).*! Other
associated features include Dandy-Walker malforma-
tion (or other posterior fossa defects), microphthalmia,
cleft lip and palate, heart defects, genital abnormali-
ties, bowing of long bones, and complete or partial si-
tus inversus, and other laterality defects.”™ Despite var-
ious cardiac anomalies reported in MKS, none of them
is specific to the disease. However, cardiac anomalies
including hypoplastic left heart syndrome, truncus ar-
teriosus, pulmonary artery atresia, and atrioventricular
septal defect have been detected in cases with MKS.
(67 Taweevisit et al.”? demonstrated the togetherness of
hypoplastic left heart syndrome and cor triatriatum in
a 33-week male fetus by ultrasonography, and estab-
lished the diagnosis by autopsy. In this report, we pres-
ent a fetus with MKS who had left atrial isomerism,
heterotaxy syndrome, and complete heart block. We
also emphasize the importance of fetal echocardiogra-
phy in the detection and management of the congenital
cardiac defect.

CASE REPORT

A 26-year-old healthy female was referred to our clin-
ic in the 23rd week of her 4th pregnancy for the an-
tenatal evaluation of congenital heart defects by fetal
echocardiography. Routine obstetric ultrasonography
in the second trimester screening showed multiple
extracardiac anomalies. Her previous pregnancy was
terminated at the 23rd gestational week due to simi-
lar fetal anomalies, but neither post-mortem examina-
tion nor genetic study was performed. There was no
consanguinity between the parents and they had a nor-
mal six-year-old son. Segmental analysis through fetal
echocardiography revealed a horizontal liver, left-sided
stomach and vena cava inferior interruption with azy-
gos continuation (Fig. 1a). Apical trabecular ventricular
septal defect, aorta and pulmonary artery arising from
the left ventricle (Fig. 1b), pulmonary artery hypopla-
sia, pulmonary stenosis, and left atrial isomerism (Fig.
2a) were also determined. The heart rate was 46/min,
which was consistent with third-degree atrioventricular
block. Multiple anomalies including occipital encepha-
locele, bilateral polycystic kidneys, cleft lip and pal-
ate, and polydactyly were also detected in the obstetric
ultrasonography. The pregnancy was terminated in the
23rd gestational week based on the consensus of the
perinatology council. Autopsy examination revealed
encephalocele, microphthalmia, micrognathia, cere-
bral hypoplasia, cleft lip and palate, bilateral postaxial
polydactyly of hands and feet, pes equinovarus, bilat-
eral polycystic kidneys, right-sided polysplenia, sym-
metric liver, hyparterial bronchi, bilobed lungs, aorta

Figure 1. (A) Sagittal view of the chest demonstrating the azygos vein posterior to the aorta. (B) Echocardiographic view demon-
strating the main pulmonary artery (MPA) and aorta (Ao) arising from the left ventricle (LV).
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specimen from the fetus showing azygos vein.

Figure 2. (A) Autopsy specimen from the fetus showing bilateral left atrial appéndages (*) and hypoplastic
main pulmonary artery (MPA) and aorta (Ao) arising from the morphological left ventricle (mLV). (B) Autopsy

and pulmonary artery arising from the left ventricle,
pulmonary artery hypoplasia and left atrial isomerism,
and vena cava inferior interruption with azygos con-
tinuation (Fig. 2b). Hepatic portal fibrosis, bile duct
proliferation, bilateral renal polycystic dysplasia, and
gonads in testicular morphology were observed on
tissue biopsies. Considering the autopsy findings, a
diagnosis of MKS was made, and molecular genetic
examination was planned for possible gene loci.

Table 1. Loci associated with Meckel-Gruber syndrome

DISCUSSION

In our case, the fetus had occipital encephalocele,
bilateral polycystic kidneys, bilateral postaxial poly-
dactyly of hands and feet, and a horizontal symmet-
ric liver in the macroscopic pathological examination.
Hepatic portal fibrosis, bile duct proliferation, and
bilateral renal polycystic dysplasia were observed on
tissue biopsies. All these findings were in accordance

Location Phenotype Gene/Locus

17922 Meckel syndrome 1 MKS1, MKS, BBS13

11q12.2 Meckel syndrome 2 TMEM216, JBTS2, CORS2, MKS2
8g22.1 Meckel syndrome 3 TMEM67, MKS3, JBTS6, NPHP 11
12g21.32 Meckel syndrome 4 CEP290, KIAA0373, 3H11AG, JBTS5, SLSN6, LCA10, BBS14
16q12.2 Meckel syndrome 5 RPGRIP1L, KIAA1005, JBTS7, MKS5
4p15.32 Meckel syndrome 6 CC2D2A, KIAA1345, MKS6

3g22.1 Meckel syndrome 7 NPHP3, NPH3, RHPD, MKS7
12924.31 Meckel syndrome 8 TCTN2, TECT2, MKS8

17p11.2 Meckel syndrome 9 B9D1, MKSR1, MKS9

19g13.2 Meckel syndrome 10 B9D2, MKS10




Antenatal diagnosis of left atrial isomerism and heterotaxy syndrome in fetus with Meckel-Gruber syndrome 185

with the minimum diagnostic criteria that should be
found in MKS.P# The fetus also had cerebral hypopla-
sia, microphthalmia, micrognathia, cleft lip and palate,
and pes equinovarus.

Along with other findings, our case also had the
features of heterotaxy-left atrial isomerism and car-
diac anomalies. These included polysplenia, right-
sided stomach, horizontal liver, vena cava inferior
interruption with azygos continuation, bilobed lungs
in the morphology of the left lung, both aorta and
pulmonary artery arising from the left ventricle, pul-
monary artery hypoplasia accompanied by pulmonary
stenosis, apical trabecular ventricular septal defect,
and third-degree complete atrioventricular block. In
1984, Salonen et al.”! reviewed a series of 67 Finn-
ish MKS cases and showed an increased risk of situs
inversus totalis, with the ratio of 3/67. Khaddour et
al.' performed MKS1 and MKS3 mutation analysis
in 120 fetuses presenting with the diagnostic criteria
of MKS and found that of the eight cases with MKS1
mutation, two of them had situs inversus.

The MKS reveals a wide clinical and genetic het-
erogeneity: At least 10 phenotypes and more than 30
loci related with MKS are reported, and the genetic
diagnosis of MKS is an obvious challenge (Table
1). In this case, sequencing of the fetal and parental
blood-derived DNA samples could be performed only
for the MKS1 gene (exons 16 and 17), but no muta-
tion was found, and further, karyotypes of the family
members were in normal constitution. When MKS is
suspected, karyotype analysis should be done to ex-
clude especially trisomy 13.) The present case had
a normal karyotype with 46 XY. MKS can be seen
in those with consanguineous marriage due to mutant
genes and in those without consanguineous marriage
due to single gene defect.!'!) The present case did not
have a history of consanguineous marriage.

In conclusion, although various cardiac anomalies
have been reported previously in MKS fetuses, here
we expand the cardiac spectrum of anomalies associ-
ated with MKS to include left atrial isomerism and
heterotaxy syndrome. We suggest that since MKS is
a syndrome showing 100% fatal progression, prenatal
diagnosis should be made as early as possible, termi-
nation of the pregnancy should be offered, and genetic
counseling should be provided due to the high risk for
recurrences.
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