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Abstract
Background Pai syndrome is a rare idiopathic developmental condition characterized by midline craniofacial abnormalities. It
was originally described as the presence of a median cleft lip, cutaneous polyps of the nasal mucosa and face, and midline
lipomas of the central nervous system, mostly at the corpus callosum. However, there is great phenotypical variability and these
characteristics are rarely all present at once.
Objective The aim of this review was to analyze the available evidence regarding Pai syndrome in order to better delineate this
rare condition and its features.
Methods We analyzed the PubMed database using the words “Pai syndrome”, “frontonasal dysplasia”, “cleft lip”, “nasal polyp”,
“facial polyp”, and “corpus callosum lipoma”, including reviews, case reports and case series.
Conclusion There is no consensus regarding the diagnostic criteria of Pai syndrome up to date. It is usually diagnosed at birth, and
its incidence is often underestimated. At present, the etiology of Pai syndrome is unknown. Several hypotheses regarding its
genetic background have been made; however, there are not enough data yet to elucidate this point. An improved awareness
could help in diagnosing the condition and performing the necessary investigations. These patients should have a multidisci-
plinary follow-up.
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Introduction

Pai syndrome is a rare condition, defined as a syndromic form
of frontonasal dysplasia [1, 2]. It was first described by Pai
et al. as “an unusual combination of three rare developmental
anomalies: complete median cleft lip, cutaneous polyps, and
midline lipomas of the central nervous system” [2]. It has a
high phenotypical variability, and most of the cases described
in literature do not meet the full triad of criteria originally
defined by Pai, which is a relatively restrictive definition [3].
About sixty cases of Pai syndrome have been described in
literature up to date. Among them, only 19 patients met the

full triad of criteria originally described by Pai, while the ma-
jority showed great phenotypical variability [3].

In 2019,Morice et al. defined Pai syndrome as the association
of a congenital nasal and/ormediofrontal skinmass and/or amid-
anterior alveolar process polyp as a mandatory criterion, and at
least one other criterion: midline cleft lip and/or midline alveolar
cleft, and/or a pericallosal lipoma or interhemispheric lipoma in
the case of corpus callosum dysgenesis [3].

In 2007, Castori et al. defined Pai syndrome as the presence
of at least two criteria among: one or more hamartomatous
nasal polyp(s) and the presence of a midline facial cleft and/
or mid-anterior alveolar process congenital polyp [4].

A more inclusive definition was given by Lederer et al.
who defined Pai syndrome as the presence of a congenital
nasal polyp plus one of the following three feature: midline
cleft lip, mid-anterior alveolar process congenital polyp, or a
lipoma of the corpus callosum [5].

Overall, the most inclusive definition is the one given by
Morice et al. where 91.6% of the patients matched the diag-
nostic criteria. However, there is still no consensus on the
definition of Pai syndrome.

Pai syndrome has no gender preponderance [3, 6]. To our
knowledge, no risk factors have been described for Pai syndrome,
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as a better understanding of this condition and its pathophysiology
is necessary. At present, its etiology is unknown [3, 7].

Lees et al. described a family with five generations affected
by midline cleft lips and nasal dermoids, possibly supporting
the autosomal dominant inheritance pattern theory [8, 9]. Pai
syndrome has also been hypothesized to have an X-linked re-
cessive inheritance, as its incidence has been reported to be
higher in males than in females in the past [6]; this has not been
confirmed in recent reviews and case series [3]. A case of a 13-
year-old Japanese girl with clinical features of Pai syndrome
has been reported by Masuno et al. in 1997. The girl was
shown to have a “de novo” reciprocal translocation
46,X,t(X;16)(q28,q11.2), hypothesized to be candidate regions
for median cleft of the upper lip and pedunculated facial skin
masses, therefore suggesting that cytogenetic studies might
have a role in other patients with these characteristics, including
those with Pai syndrome [6]. The phenotype described by
Masuno et al. overlaps with frontonasal dysplasia (FND), as it
is often observed in Pai syndrome, that has been defined as a
syndromic form of FND [1, 2]. When it was performed, chro-
mosomal analysis has been shown to be normal in some previ-
ous case reports of Pai syndrome [10, 11]; however, in patients
with additional features, chromosomal abnormalities might be
present (in particular when overlapping with FND or other
conditions of the oculo-auriculo-frontonasal spectrum.

The pathogenesis of midline abnormalities derives from
disruptions during embryological development: the midline
lies at a structural nexus that unites individual elements, in a
fusion process. Defects at this point can result in a diverse
range of phenotypes and clinical entities that are included in
the FND spectrum [12]. The embryological development of
the lip starts at the 4th week of gestation [13]. Two theories
regarding the pathogenesis of median facial clefts have been
described: the classical theory states that the growth, meeting,
and fusion in the midline of the lateral maxillary processes and
the unpaired frontal process medially are responsible for nor-
mal facial development [8, 11]. Veau instead asserts that a
deficient mesodermal penetration in the primary palate would
cause a median lip cleft [1, 11].

With our literature review our aim was to analyze the avail-
able evidence regarding Pai syndrome in order to better delin-
eate this rare condition and its features. We analyzed the
PubMed database using the words “Pai syndrome,”
“frontonasal dysplasia,” “cleft lip,” “nasal polyp,” “facial pol-
yp,” and “corpus callosum lipoma.” We selected scientific
papers from 1980 to 2019 including reviews, case reports,
and case series.

Clinical features

In Pai syndrome, midline clefting is variable and there are
mild forms involving the teeth (i.e., isolated diastemas of the

maxillary dentition), and severe forms extending to the upper
lip, the surrounding structures, and the nose [1, 7] (Fig. 1).

Furthermore, some authors suggested a relationship be-
tween the degree of clefting and the cranial involvement [1,
14]. In patients affected by Pai syndrome, a slight separation
of the wing of the nose has been reported; other anomalies of
the midline spectrum such as divided frenulum of the upper
lip, bifid uvula, high palate, and midline sinus have also been
reported [1, 7]. Among midline anomalies, cleft lip represents
one of the most common ones, with an incidence of 1:1000
[13]. However, midline cleft lip is rare and constitutes 0.43 to
0.73% of cases of cleft lip and palate [3, 7, 11].

Pai syndrome is also associated with various type of con-
genital nasal and facial anomalies involving the anterior skull
base and meninges, caused by a maldevelopment of the em-
bryonic mesenchyme, the latter having a paramount role in
reparative processes of the central nervous system [15, 16].

Facial hamartomatous polyps of the midline have been
shown to be a typical feature of Pai syndrome, mostly at the
nasal structures, as originally described by Pai [2], and lesions
associated with this syndrome have to be differentiated from
other pathologies involving the nose, nasal cavity, and naso-
pharynx, as the sphenoidal and sincipital cephalocele, nasal
dermal sinus cyst, and nasal glioma [14, 17, 18].

The persistence of the fonticulus frontalis or pre-nasal
space beyond the eighth week of gestation is responsible for
a delayed ossification of the “crista galli” and cribriform plate
and is related to the occurrence of cephaloceles and naso-
facial lipomas, both potentially associated with syndromic
frontonasal dysplasia (FND), as well as Pai syndrome [1, 3,
7, 14, 19]. The generic term of cephaloceles also includes
meningoencephaloceles and meningoceles, which in the con-
text of Pai syndrome, generally involve the midline facial
skeleton and the nasal cavity. Cephaloceles are of two types,
namely, frontoethmoidal and skull base. Frontoethmoidal, or
sincipital, type involves the herniation of the brain tissue into
forehead, dorsum of the nose, or orbit. Within the sincipital

Fig. 1 Facies of a patient with Pai syndrome [7]
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group, frontonasal, naso-ethmoidal, and naso-orbital variant
has been reported to have an incidence of 60%, 30%, and
10%, respectively [19, 20]. On computerized tomography
(CT) scan, nasal cephaloceles are well demarcated, heteroge-
neous, and have a mixed density, whereas they are isointense,
show a direct contiguity with basal cortex on magnetic reso-
nance imaging (MRI), and do not enhance after gadolinium,
as opposed to certain types of primary brain tumors [19–21].

Nasal lipomas and dermoid cysts frequently present calci-
fications on CT scan and are homogeneously hyperintense on
T1-weighted MRI in a non-negligible number of cases. Nasal
lipomas are benign masses that can be usually excised for
cosmetic rather than clinical reasons, and this is usually per-
formed in the context of the surgical correction of other mid-
line facial defects [1]. Furthermore, lipomas classically be-
come hypointense with fat suppression [19].

Nasal cerebral heterotopia, also known as nasal glioma, has
no connection with intracranial contents and, being a
hamartomatous lesion, involves MRI features and molecular
mechanisms totally different from those reported for brain
gliomas [1, 3].

Congenital intracranial lipomas are rare and comprise 0.1–
0.5% of all primary brain tumors. Pericallosal location is the
most common (50%) and is usually associated with callosal
abnormalities such as dysgenesis or agenesis [22]. In Pai syn-
drome, central nervous system (CNS) lipomas always involve
the corpus callosum; however, other CNS locations have been
included by Pai (i.e., spinal cord) in his original description of
the syndrome [1, 2]. Pericallosal lipomas represent 0.06–0.46%
of prenatally diagnosed intracranial lesions, and they can be

detected prenatally by careful ultrasound examination, and
MRI, which shows characteristic findings on T2-weighted se-
quences [23]. Whether they should be considered as
malformative lesions rather than tumors is still argument of dis-
cussion. CNS lipomas are thought to derive from an over-
proliferation of the fat cells of the leptomeninges, and two types
have been reported. Themost common is the tubulonodular one,
usually located anteriorly and associated with extensive callosal
and frontonasal anomalies, in particular, agenesis or dysgenesis
of the corpus callosumwith a less favorable prognosis, while the
curvilinear lipoma is posteriorly located and usually thinner than
the tubulonodular type [19, 23]. When pericallosal lipomas are
isolated they are usually benign and remain asymptomatic, with
a good prognosis [22]. Patients with Pai syndrome with a
pericallosal lipoma usually have normal psychological develop-
ment, usually without epilepsy, contrarily to other complex syn-
dromes [24–26], if there are not associated chromosomal abnor-
malities, and other callosal anomalies [1, 3, 7, 27].

Other features of Pai syndrome include hypertelorism,
epicanthus, other ocular anomalies, clinodactyly, cryptorchi-
dism, and inguinal hernia [1, 3, 7]. We have summarized the
main other features that were observed in affected patients in
Table 1 by analyzing Pai syndrome case reports.

Diagnosis

There is no consensus regarding diagnostic criteria for Pai
syndrome up to date. This rare syndrome is usually diagnosed
at birth [23], and its incidence is underestimated; therefore, an

Table 1 Additional clinical features in Pai syndrome

Abnormality Description References

Ocular Hypertelorism, palpebral fissure abnormalities, eyebrows
abnormalities, epicanthus, epibulbar dermoid, conjunctival
lipoma, lacrimal duct abnormality, and micropthalmia

Rudnik-Schoneborn (1994), Masuno (1997), Castori (2007),
Guion-Almeida (2007 and 2009), Chousta (2008), Savasta
(2008), Vaccarella (2008), Lederer (2012), Tormey (2017),
Huckstadt (2018), Zanetta (2011), Mishima (1999), Ocak
(2013), and Ferreira Moreno (2016)

Facial + Oral Bifid nose, broad nasal root or bridge, alae nasi abnormalities,
abnormal frontal hairline, wide forehead, bifid labial frenulum,
nasal dimple, and skin tags

Coban (2003), Lees (2006), Guion-Almeida (2007), Chousta
(2008), Savasta (2008), Ocak (2013), Blouet (2014), Mishima
(1999), Castori (2007), Vaccarella (2008), Lederer (2012), and
Melloni Magnelli (2015)

Neurological Corpus callosum hypoplasia or agenesis, and frontal encephalocele Guion-Almeida (2007 and 2009), Abdelmaaboud (2012),
Dobrocky (2015), Huckstadt (2018), Castori (2007), Zanetta
(2011), Blouet (2014), and Ferreira Moreno (2016)

Auricular Enlarged earlobe(s), preauricular fibrochondroma, prominent
antihelix and antitragus, and small concha

Castori (2007), Ocak (2013), and Huckstadt (2018)

Genital/Urinary Cryptorchidism and hypospadia Pai (1987) and Lederer (2012)

Heart Interventricular communication and ventricular septal defect Huckstadt (2018)

Genetics De novo reciprocal translocation 46,X,t(X;16)(q28,q11.2) and
duplication at 4q35.2

Masuno (1997) and Li and Galvin (2018)

Others Clinodactyly of the 5th digit, aplasia cutis, inguinal hernia, and
sacral dimple

Pai (1987), Lederer (2012), Zanetta (2011)

References: [1, 2, 4–10, 17, 23, 28–39]
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improved awareness could also help in diagnosing the condi-
tion and performing the necessary investigations (i.e., brain
imaging) to better define the disease phenotype [1].

Some cases have been suspected by ultrasound examination
in the course of pregnancy, and prenatal diagnosis was made by
some authors [23, 28]. The usefulness of fetal MRI as a second-
level investigation has also been supported for a more complete
evaluation of the fetus’ shape and face [23]. A pericallosal
lipoma appears as a hypointense signal on T2-weighted se-
quences because of its fatty content, and it has a hyperintense
signal on T1-weighted sequences without fat suppression
(Figs. 2 and 3). MRI is useful also to define the lesion’s dimen-
sions and associated anomalies of the corpus callosum [23].
Shinar et al. have recently published a paper regarding the clues
to diagnose pericallosal lipoma prenatally [40].

Treatment and prognosis

Surgical correction of midline clefts of the upper lip and re-
moval of midline polyps can be done at once, and it has to
meet both functional and cosmetic requirements, restoring a
normal appearance and reestablishing the orbicularis oris mus-
cle cohesion. Cheiloplasty is usually performed between 3 and
6 months of age. Correction of the nasal pyramids is usually
postponed after puberty in order to allow the growth of the
nasal bones [1].

Surgery of the skull base cephaloceles provides for a wide
spectrum of transcranial or combined transcranial-transnasal
approaches already reported by our group for other cranial
neurosurgical pathologies [41–47] and involves an intradural
resection of the herniated brain tissue, along with a duraplasty
which should be watertight as far as possible [20, 48–50].

Pericallosal lipomas may sometimes become symptomatic
later in life causing epilepsy; therefore, regular follow-up is
crucial [1, 3, 29, 51]. However, in Pai syndrome they rarely do
so [1]. Nevertheless, differently from cephaloceles, intracrani-
al lipomas are universally considered as “leave me alone”
lesions by the reasons of their extremely rare symptomatic
features, as well as the fact that they always encase brain
vessels and nerves, making therefore surgery very dangerous.

Regarding neuro-psychological development, only two pa-
tients with Pai syndrome were described as being affected by
mental retardation, to our knowledge: the one described by
Masuno, who seemed to suffer from a more complex spec-
trum than Pai syndrome alone, and a patient described in a
South American case series [6, 30].

Conclusion

Pai syndrome is a rare condition characterized by wide phe-
notypical variability. An improved awareness could help in
diagnosing the condition and performing the necessary

Fig. 2 CORONAL and
SAGITTAL views of brain MRI:
lipoma as a thick hyper-intense
band and partial agenesis of the
corpus callosum [7]

Fig. 3 Cranial ultrasound in
coronal and sagittal views:
agenesis of the corpus callosum
and a callosal lipoma, appearing
as an interhemispheric midline
echogenic mass [7]
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investigations. In particular, systematic brain imaging should
be performed when a congenital midline facial skin mass or
cleft is present, together with genetic counseling and genetic
investigations. Because some patients showed ocular abnor-
malities, ophthalmologic examination is also justified [3, 31].
These patients need to be followed up in their physical and
neuropsychological development, and this ideally requires a
multidisciplinary approach with surgeons (maxillofacial, neu-
rosurgeons, plastics, ENT), the pediatrician and pediatric neu-
rologist, and a geneticist.
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