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Syndrome of the month

Meckel syndrome

Riitta Salonen, Paulina Paavola

Abstract
Meckel syndrome (MKS) is a lethal
syndrome with a central nervous system
malformation, usually occipital menin-
goencephalocele, bilaterally large multi-
cystic kidneys with fibrotic changes of the
liver, and polydactyly in most cases. Addi-
tional anomalies are frequent. A common
characteristic ofthe parenchymal changes
of many organs is a proliferation of the
stromal connective tissue and increase
and dilatation of the associated epithelial
ducts.
Autosomal recessive inheritance is well

confirmed and the gene locus has been
mapped to chromosome 17q21-24 by ge-
nome wide linkage study. The locus was
later refined to within a less than 1 cM
region (17q22), in which most of the Finn-
ish MKS patients share a common chro-
mosomal haplotype suggesting one major
and relatively old mutation. However, in
most of the non-Finnish MKS families
studied, this linkage could not be con-
firmed. The linkage studies provide evi-
dence that more than one locus is involved
in bringing about the combination ofCNS
malformations, cystic kidneys, and poly-
dactyly, maybe even in typical cases of
MKS.

Prenatal diagnosis of MKS by vaginal
ultrasound scan is possible from 11-12
weeks of pregnancy, especially in families
where there is a known risk. In those
families where linkage to 17q22 is estab-
lished, prenatal diagnosis by DNA analy-
sis is possible.
(7 Med Genet 1998;35:497-501)
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In 1822, Meckel' published a detailed patho-
logical description (73 pages) of two newborn
sibs, a female and male, who died with identi-
cal malformations. They both had micro-
cephaly with occipital encephalocele, polydac-
tyly, cleft palate, and large cystic kidneys. The
male child had cryptorchidism. In 1934,
Gruber' added a few similar cases of his own to
those he had collected from published reports
and reported these 16 non-viable newborn
children with encephalocele, polycystic distur-
bance of the kidneys, often of the liver, and
sometimes of the pancreas, and polydactyly in

eight cases. He named the disorder "dysen-
cephalia splanchnocystica" and assumed it to
be of genetic origin because of the many famil-
ial cases. For some time after that, the existence
of this syndrome seems to have been forgotten.
In the 1960s, when trisomies were recognised
through the development of cytogenetics, there
were reports of "cases of trisomy 13 with nor-
mal chromosomes", which obviously repre-
sented Meckel syndrome (MKS)." Opitz and
Howe5 reintroduced MKS in their review pub-
lished in 1969. Delineation of the clinical
picture continued through the 1 970S6-8 and
1980s9`2 with reports from North America,
Europe, and Israel. MKS has also been
reported from different parts of Asia, for
example, Indonesia, India, Kuwait, and
Japan.1116 Since the very first reports, broader
diagnostic criteria have been accepted and the
process of defining them continues.

Clinical features
It is probably safe to say that Meckel syndrome
is lethal with very limited survival in the most
typical cases. The main anomalies are a severe
central nervous system (CNS) malformation,
with occipital meningoencephalocele in 90% of
the cases,16 bilaterally large kidneys with multi-
cystic dysplasia, and fibrotic changes of the
liver probably in 100%, and polydactyly in 80%
(fig 1).812

THE CENTRAL NERVOUS SYSTEM
The most typical CNS malformation is micro-
cephaly with a sloping forehead and occipital
meningoencephalocele. Hydrocephalus is seen
in 10-20% of cases. The spectrum of the CNS
malformations ranges from total craniorachis-
chisis at the most severe end to a partial defect
of the corpus callosum at the mildest end of the
spectrum.

Neuropathological studies4 10 17-19 have
shown that prosencephalic dysgenesis with
absence of the olfactory bulbs and tracts
(arhinencephaly) is frequent, as well as defects
in midline formation sometimes associated
with absence of the lateral ventricles.'7 The
occipital encephalocele usually comes through
an apical defect of the occipital bone or
enlarged posterior fontanelle. Often a second,
smaller defect of the basal occipital bone is
found with or without another
meningocele.'0 17-19 Anomalies of the rhombic
roof with a large supracerebellar cyst including
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Figure 1 Occipital encephalocele, polydactyly of bo
hands and feet, and enlarged abdomen filled with huz
kidneys and a large liver are typicalfindings in a ter
newborn with Meckel syndrome.

the fourth ventricle and complete agent
the cerebellar vermis have been reported
The different degrees of dysgenesis of I

rior fossa structures have been describ
some as variants of Dandy-N
malformation20 23 and it has been questic
cases with a posterior fossa cyst, u

together with hydrocephalus but withoi
cephalocele, represent MKS. Moerman
reported a family with two affected sib
with typical MKS including occipital enc
locele, and the other with cerebellar D
Walker cyst, absent vermis, arhinence
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Figure 2 (A) Multicystic dysplasia of the kidneys is typical ofMKS. The kidneys

filled with cysts of various sizes separated by loose connective tissue. Only a thin

subcapsular zone of renal parenchyma can be seen. (B) The histological changes of t
in MKS are best seen in the portal areas with proliferation and dilatation of the bile

and increase of collagenous connective tissue. (Photographs by courtesy of J7 Rapola,
Helsinki University Children's Hospital.)

dilatation of the ventricles, and changes in the
kidneys and liver typical of MKS. They
included another similar pair of sibs25 and con-
sidered cerebellar Dandy-Walker malformation
as one component of MKS.

Microscopically, polymicrogyria, heteroto-
pias, and neuroepithelial rosettes have been

; seen.'" 17 The malformations in MKS represent
disturbances in both dorsal and ventral induc-
tion as well as proliferation and migration.

THE KIDNEYS
In most cases the kidneys are already grossly
enlarged at midtrimester, with a combined
weight of up to 1000 g at term. This
corresponds to a 5- to 50-fold increase over the
body weight adjusted mean of normal.25 26 The
kidneys are filled with cysts of various sizes (fig
2A). Histological organisation of the renal
parenchyma is typical.'0 1118 25 26 Beneath the
capsule in the peripheral cortex there are very
small cysts with a thin zone of normal
glomeruli and a few undilated tubules. Under
this layer in the cortical area, the cysts become
larger, the diameter measuring from 200 to 600
gm. The cysts are thin walled with low cuboidal
epithelium and separated by loose connective

Pth tissue. The largest cysts, up to several millime-
ige tres in size, are in the medullary part of therm kidneys. These cysts can have thick, fibromus-

cular walls separating them from the collagen-
esis of ous stroma.
19

poste- THE LIVER
bed by Microscopically, intrahepatic bile duct anoma-
Valker lies and fibrotic changes of the liver are a con-
ned if stant finding in typical MKS.6 8--11 18 25 26 This is
Lsually best seen in the portal areas with proliferation
ut en- and dilatation of the bile ducts and increase of
et afl collagenous connective tissue (fig 2B). Occa-
s, one sionally, macroscopic fibrosis or cysts can be
-epha- seen.'2 Often the liver is somewhat enlarged.
)andy-
phaly, CYSTIC CHANGES IN OTHER ORGANS

Duct dilatation and periductal fibrosis has also
:ffi>= been reported in the pancreas in MKS.'0 18 26
^q-1L? Fibrovascular proliferation has been seen also

in the lungs, thymus, spleen, lymph nodes,
lamina propria of the bowel, and rib
metaphysis.' Cases with dilated epididymal
ducts sometimes lined with cuboidal epithe-
lium and sometimes surrounded by a thick
fibromuscular wall, similar to the cysts seen in
the kidneys, have been reported.'8 26 Prolifera-
tion of the stromal connective tissue and
increase or dilatation of the associated epithe-
lial ducts seems to be a common characteristic
of the parenchymal changes in MKS.

GENITALIA
Abnormal development of the male genital
organs is common in MKS. 4 6-8 10-12 18 26 The
external genitalia may be hypoplastic or
ambiguous, leading to initial female gender

CCiZ- assignment of fetuses subsequently shown to
are be 46,XY Some cases represent male pseudo-

hermaphroditism with variably developed fe-
the liver male internal genital organs together with

testes. Even true hermaphroditism with both
testes and ovaries has been reported.'2
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Figure 3 A male fetus with MKS aborted at 19 weeks of
gestation showing the typical lotus-like posture. The legs
with clubfoot deformity areflexed beneath the enlarged
abdomen because of oligohydramnios.

LIMBS
Postaxial polydactyly bilaterally in both hands
and feet is frequently found in MKS. Probably
only 10-20% of cases have no
polydactyly.6 8 9 1 12 Club feet are common,
probably because of oligo- or ahydramnios
during the pregnancy. Typically, the legs are
flexed round the enlarged abdomen in a lotus-
like position (fig 3). The long bones may be
somewhat short and slightly bowed, but true
bone dysplasias have not been observed.

OTHER MALFORMATIONS
Congenital heart defects occur in 20% of
cases.12 Cleft palate is common (45%) but cleft
lip is less frequent. Anomalies of the tongue
including aplasia and lobulation, and papillo-
matous or lipomatous tumours on the tongue
have been reported.6 1112 Occasionally, poly-
splenia or other abnormalities of the spleen and
situs inversus have been seen.'0-'2 26

Ocular anomalies are frequent in
MKS.6 8-12 18 9 Usually microphthalmia is seen.
In the few thoroughly investigated cases,
sclerocornea, microcornea, partial aniridia,
cataract, retinal dysplasia, and hypoplasia of
the optic nerve were recorded.27 In two
reports,4 '° retinal dysplasia with folding of the
retina into tubules and rosettes was described.
Fibromuscular cores were surrounded by
rosettes of pigmented retinal epithelium and
polypoid formations of fibromuscular tissue
were rimmed with pigmented retinal cells.'0

FACIAL DYSMORPHOLOGY
The facial dysmorphology has been thought to
be Potter-like, that is, caused by lack of
amniotic fluid.9 18 Sloping forehead, microg-

.. ...R..i-..

L

- i

i-.-

Figure 4 A male fetus after termination ofpregnancy at
19 weeks because offindings on ultrasound suggestive of
MKS (fig 6). Occipital encephalocele,polydactyly of both
hands and feet, and enlarged abdomen filled with huge
kidneys can be seen. Note sloping forehead, micrognathia,
low set ears (A), broad cheeks, hypertelorism, broad and flat
nose, and wide mouth (B).

nathia, short neck, and low set ears are consist-
ent with this explanation (figs 3 and 4A).
Often, however, there are some additional
facial characteristics like broad cheeks, hyper-
telorism, a broad and flattened nose, and a
wide mouth with full lips that are typical of
MKS (fig 4B) 1 and can be seen in photographs
of patients in many of the reports.

Differential diagnosis
Trisomy 13 has been presented as a differential
diagnosis for MKS, but karyotype analysis dif-
ferentiates these cases easily. Even if the
chromosomes have not been studied, distin-
guishing trisomy 13 from MKS does not cause
problems. In trisomy 13 microcephaly, often
with alobar holoprosencephaly, is seen instead
of posterior encephalocele.28 Typically, the
holoprosencephaly is combined with hypo-
telorism and bilateral cleft lip and palate, which
are not so common in MKS. Polydactyly is
common in the hands but rare in the feet in tri-
somy 13, whereas in MKS it usually occurs in
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Figure 5 A vaginal ultrasound investigation at 11-12 weeks ofpregnancy of a family with a previous pregnancy with
MKS shows an affected fetus. The arrows point to the occipital encephalocele (A) and enlarged cystic kidneys (B).
(Photographs by courtesy ofPAmmldI, Department of Obstetrics and Gynaecology, Helsinki University Central
Hospital.)

both the hands and feet. Cystic kidneys can
occur in trisomy 13, but cystic and fibrotic
changes of the liver are not seen.
There are known and unknown syndromes

with various CNS anomalies, cystic kidneys
with or without the liver changes, and polydac-
tyly, which do not represent MKS."9 The
differentiation of cases with Dandy-Walker
malformation and cystic kidneys from MKS
may still cause problems, and may be impossi-
ble before the genes involved in MKS have
been characterised. The same applies for
patients with longer survival and similar
malformations.3035 Identification of the MKS
gene(s) will enable minimum diagnostic crite-
ria to be defined with greater precision than is
currently possible.9 12 36

Genetics and pathogenesis
Autosomal recessive inheritance of MKS has
been well established.8 12 In 17 Finnish MKS
families, the gene locus was mapped to
chromosome 1 7q2 1-q24 by genome wide link-
age study.37 This locus was later confirmed in
additional Finnish MKS families, and now we
have refined the locus to within a region of less
than 1 cM on 17q22. In this very narrow region
most of the Finnish MKS patients share a
common chromosomal haplotype, suggesting
one major and relatively old mutation. How-
ever, in most of the non-Finnish MKS families
studied (British, Turkish, Pakistani, Bangla-
deshi, North African, Middle Eastern), the
linkage could not be confirmed.38 39 Some of

Figure 6 At 19 weeks ofpregnancy ultrasound
investigation shows oligohydramnios. A transverse section of
the abdomen filled by large cystic kidneys is seen (left). The
diameter of the abdomen is much larger than the biparietal
diameter of the head (right). A defect in the bones of the
skull is seen posteriorly. (The same fetus after termination of
the pregnancy is shown in fig 4.)

the cases seemed typical enough, but some
were atypical on clinical grounds. The linkage
studies provide further evidence that more than
one locus is involved in causing the combina-
tion ofCNS malformations, cystic kidneys, and
polydactyly, perhaps even in typical cases of
MKS.

In MKS, the pathological findings in the
multiple affected tissues share considerable
similarity, suggesting that inductive interac-
tions fail at some stage of development result-
ing in abundant fibrosis and cysts as well as
structural abnormalities observed in the kid-
neys, liver, CNS, eye, pancreas, lungs, and male
genitalia.

Population genetics
Although Meckel syndrome has been reported
world wide, more extended reports on the true
birth prevalence of MKS in different popula-
tions are scarce. Among Jews in Israel, it was
calculated in 1973 by Fried40 to be 1:50 000. In
Finland, MKS is effectively screened and
occurs relatively frequently with a birth preva-
lence of 1:9000.4' Even higher incidences have
been reported in some other populations, such
as Belgians (1:3400), Gujarati Indians
(1:1300), and Bedouins in Kuwait
(1:3530)."4'i5 In Belorussia it has been
reported to be more common in Tartars than
other national groups.42

Heterozygote manifestations
There are a few reports that suggest that
malformations like cleft lip/palate, polydactyly,
syndactyly, and congenital heart defect occur
in relatives of cases with MKS more frequently
than expected.'2 43-45 The possibility that these
are heterozygote manifestations cannot be
tested properly before the gene defect(s) can be
traced in the family and compared with the
occurrence of the other malformations.

Prenatal diagnosis
Prenatal diagnosis of MKS by vaginal ultra-
sound scan is possible from 11-12 weeks of
pregnancy,4' especially in families known to be
at risk. By this stage, the abnormalities of the
skull and CNS can be seen together with the
enlarged kidneys (fig 5). Ultrasound screening
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studies are often performed later in pregnancy,
when oligo- or anhydramnios, invisible blad-
der, and discrepancy in the biparietal and
abdominal diameter can lead to the
diagnosis.47 48 When lack of amniotic fluid
impairs visibility and normal kidneys are not
found, it may be difficult to see that the cystic
kidneys in fact fill the whole abdomen (fig 6).
In those families where linkage to 17q22 is
established, prenatal diagnosis by DNA analy-
sis is possible.
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