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Developmental nasal midline masses
in children: neuroradiological evaluation

Abstract Developmental nasal mid-
line masses in children are rare le-
sions. Neuroimaging is essential to
characterise these lesions, to deter-
mine the exact location of the lesion
and most importantly to exclude a
possible intracranial extension or
connection. Our objective was to
evaluate CT and MRI in the diagno-
sis of developmental nasal midline
masses. Eleven patients (mean age
4.5 years) with nasal midline masses
were examined by CT and MRIL
Neuroimaging was evaluated for

(a) lesion location/size, (b) indirect
(bifid or deformed crista galli, wid-
ened foramen caecum, defect of the
cribriform plate) and direct (identifi-
cation of intracranially located le-
sion components or signal altera-
tions) imaging signs of intracranial
extension, (c) secondary complica-
tions and (d) associated malforma-
tions. Surgical and histological find-
ings served as gold standard. Nasal
dermoid sinus cysts were diagnosed
in 9 patients. One patient was diag-
nosed with an meningocele and an-
other patient with a nasal glioma.
Indirect CT and MRI signs correlat-
ed with the surgical results in 10 of
11 patients. Direct CT findings cor-
related with surgery in all patients,
whereas the direct MRI signs corre-
lated in 9 of 11 patients. In 2 patients
MRI showed an intracranial signal
alteration not seen on CT. Neuroim-
aging corrected the clinical diagno-
sis in 1 patient. One child presented

with a meningitis. In none of the pa-
tients was an associated malforma-
tion diagnosed. Intracranial exten-
sion is equally well detected by CT
and MRI using indirect imaging
signs. Evaluating the direct imaging
signs, MRI suspected intracranial
components in 2 patients without a
correlate on CT. This could repres-
ent an isolated intracranial compo-
nent that got undetected on CT and
surgery. In 9 patients CT and MRI
matched the surgical findings. The
MRI did not show any false-negative
results. These results in combination
with the multiplanar MRI capabili-
ties, the different image contrasts
that can be generated by MRI and
the lack of radiation favour the use
of MRI as primary imaging tool in
these young patients in which the
region of imaging is usually centred
on the radiosensitive eye lenses.

Keywords Nasal dermoid sinus
cyst - Nasal glioma - Encephalocele -
CT - MRI
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Introduction

Developmental midline nasal masses in children are rare
lesions. The incidence has been reported to be 1 in every
20,000-40,000 live births [1, 2, 3]. The most common
masses include nasal dermal sinus cysts (NDSC), nasal
gliomas and nasal encephaloceles. These congenital na-
sal masses are believed to result from a failure of embry-
ological separation of neuroectodermal and ectodermal
tissues during the development of the nose and frontoba-
sis [3, 4]. These lesions are embryologically distinct, but
all have an actual or potential intracranial extension/con-
nection. The differential diagnosis includes abscesses,
haemangiomas, fibromas, lipomas, granulomas and
mucoceles [5, 6]. Neuroimaging is essential to characte-
rise the lesion and to determine the exact location and
possibly intracranial extent of the pathology. An ade-
quate preoperative work-up is imperative to plan the ap-
propriate therapeutic intervention and to avoid complica-
tions. Potential complications include a Molaret’s type of
chemical meningitis, infectious meningitis, abscess, os-
teomyelitis, cavernous sinus thrombosis, seizures and pe-
riorbital cellulitis [7]. Computed tomography and MRI
have been proposed as valuable imaging tools in several
reports [4, 6, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19].
The goal of our study was to determine the value of CT
and MRI in the preoperative work-up of 11 children with
midline nasal masses.

Materials and methods

We retrospectively reviewed the CT and MR imaging studies of 11
children who were referred for congenital midline nasal masses
between January 1998 and July 2002 to our hospital. All patients
were examined with CT or MRI to get information about the dig-
nity of the finding as well as the exact location and possible intra-
cranial extension of the lesion. Eight Children had simultaneous
CT and MRI examinations.

Computed tomography scans were performed according to the
standard institutional protocols including axial and coronal planes.

The slice thickness varied between 1 and 3 mm. Intravenous or in-
trathecal contrast administration was not used in any study. Imag-
es were reconstructed in soft tissue and high-resolution bone algo-
rithm.

Magnetic resonance imaging was performed on either a 2.0-T
MRI unit (Tomikon S200, Bruker, Karlsruhe, Germany) or a 1.5-T
MRI Unit (General Electric, Milwaukee, Wis.). T1-weighted spin-
echo (SE; TR/TE/excitations: 300-450 ms/12—-14 ms/4) and T2-
weighted rapid acquisition with relaxation enhancement (RARE)
SE (TR/TE: 3500-6000 ms/110-120 ms/2) sequences were ac-
quired. Slice thickness varied between 2.5 and 4 mm, interslice
gap between 0.5 and 0.8 mm. The field of view was adapted to the
size of the patient’s head. Multiplanar acquisition was performed
in all children.

Images were studied for [1] lesion location, size and extension
[2], direct and indirect signs of intracranial extension, [3] second-
ary complications and [4] associated malformations. Directs signs
of intracranial extension refer to the identification of intracranially
located components of the lesion or signal alterations. Indirect
signs refer to changes in the normal anatomy of the frontobasis or
neighbouring structures (bifid or deformed crista galli, widened
foramen caecum, defect of the cribriform plate) [20]. The combi-
nation of a normal-sized and shaped or closed foramen caecum, a
normal shaped crista galli and an intact cribriform plate were con-
sidered to exclude intracranial extension. The concomitant malfor-
mations that were evaluated included an absent septum pelluci-
dum, agenesis of the corpus callosum, migrational and/or architec-
tural abnormalities, midline facial defects, hydrocephalus and any
kind of malformation related to a disturbance of the ventral cere-
bral induction [7]. In addition images were studied for possible
secondary complications including superficial infection, periorbit-
al cellulitis, epidural/subdural abscess, meningitis, cerebral ab-
scess or osteomyelitis [7]. All CT and MRI scans were evaluated
in concensus by at least two experienced paediatric neuroradiolo-
gists (J.S., E.M., T.H.). All children were operated on by a paedi-
atric otorhinolaryngologist (D.H.). The results of surgical explora-
tion and histological examination served as gold standard.

Results

The patient data as well as the clinical, neuroimaging
and surgical results are summarized in Tables 1 and 2.
The average patient’s age at the time of examination was
4.5 years (ranging from 5 months to 20 years of age).
The mean age of patients presenting with a NDSC was
4.5 years. The child with the meningocele obviously pre-

Table 1 Patient data including presentation and location of the mass/lesion, radiological diagnosis and final surgical/histological diag-

nosis. NDSC nasal dermoid sinus cyst, N.A. not available

Patient Age Gender Presentation Mass/lesion location Clinical CT MRI Surgery/
no. diagnosis diagnosis Diagnosis Histology
1 1.5years M Nasal mass/pit Nasal root NDSC NDSC NDSC NDSC
2 6 years M Nasal mass/pit Nasal dorsum NDSC NDSG NDSC NDSC
3 1 years M Nasal mass/pit Medial nasal canthus ~ Abscess/NDSC NDSC NDSC NDSC
4 20 years M Nasal mass/pit Medio-lateral nose NDSC NDSC NDSC NDSC
5 Smonths M Nasal obstruction  Nasal cavity Nasal glioma  Meningocele Meningocele Meningocele
6 8.6years M Nasal obstruction ~ Nasal vestibulum Nasel glioma  Nasal glioma Nasal glioma Nasal glioma
7 2 years M Nasal pit Nasal dorsum NDSC NDSC NDSC NDSC
8 55years F Nasal pit Nasal dorsum NDSC NDSC N.A. NDSC
9 8 months F Nasal mass/pit Nasal dorsum NDSC NDSC NDSC NDSC
10 Smonths M Nasal mass/pit Nasal root/medial eye  NDSC NDSC N.A. NDSC
11 35years M Nasal mass/pit Nasal root/medial eye  NDSC N.A. NDSC NDSC
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Lesion location

Surgery

MRI

Direct imaging signs
Lesion location

CT

MRI

Summary

pathology. In the summary of indirect imaging findings extracranial/intracranial ex-
CT

tension was decided solely on the basis of the indirect imaging signs. Extra extra-

cranial lesion location, Intra intracranial lesion location, N.A. not available

Cribriform plate
MRI

CT

MRI

Indirect imaging signs
Crista galli
CT

MRI

CT

Table 2 The CT and MRI imaging findings of lesion location and extension extra-
and intracranially vs surgical findings. Intracranial extension on the basis of the indi-
rect imaging sings was diagnosed when one of the studied indirect criteria showed

Patient Foramen caecum

no.

o sented earlier, at 5 months of age. The child with a nasal
s« o g.‘é glioma was 3.5 years. Nine children were male and two
s £ g 2 B female. Nine children were diagnosed with an NDSC
S eSuSscsiex| D5 (Figs. 1, 2), 1 child with an meningocele (Fig. 3) and 1
FEZEEEREEEE | as hild with I glioma (Fig. 4). All patients with
KX R R H R IR KRR | o child with a nasal glioma (Fig. 4). patients with an
Saysaysayaaysayaayaayayaagayuy =N . .
B NDSC showed a nasal pit. Two children showed a nasal
E % obstruction (patients 5 and 6). The location of the swell-
[l . . . . . o .
SSe o o S ing varied ranging from the midline position at the nasal
EEE = = 5 §o dorsum or nasal root to the nasal vestibulum, medial na-
28g8gges <E<4E| s sal canthus and medial orbital canthus. Three children
BESSSssz8z08 | 8 é had suffered from recurrent infections with purulent dis-
28 charge from the nasal pit (patients 3, 7 and 8). One child
£ £ £ _8 8 presented with a meningitis (patient 9). The child with
o N% o g . «:% . T; Z the meningocele presented at 6 months with nasal ob-
EEZSEEEtsE<| g€ struction due to a “polypoid intranasal mass”. Clinically,
e e L L R A % a nasal glioma was suspected. The boy with a nasal glio-
§~ g ma presented at 3.5 years with nasal obstruction due to a
v s - - k= soft tissue mass in the nasal vestibulum. The family his-
£ £ = = 23 tory was unremarkable for midline masses in all patients.
EEEEEEEDE PRI Neither clinically nor by neuroimaging were associated
RRZRZZZ <zt' E ;. 2|22 congenital anomalies diagnosed.
@2 Clinical diagnosis was confirmed by neuroimaging in
5B g y ging
s s = . %'g %‘ 10 of 11 [f)atients.1 In 1 patlilent (p%tient 5) thz:1 clinical di-
g £ £ E 2 Bz i li d to be corrected to an men-
2 £ Z 2 - agnosis of a nasal glioma ha
Ssdsgssss8s < ;E = ingocele. The final histological diagnosis matched the
EESEEREERES | B _«S g diagnosis by neuroimaging in all patients.
= g2 Evaluating the individual indirect imaging signs (Ta-
°h=© ble 2), CT and MRI were concordant in all patients. In 1
Eé 37§ 5 TQ Té 8 Té“g z s patient (patient 3) an erosion of a bifid crista galli that
EESS5SE5<HES| £ 2 was displayed by CT was not seen on MRI. The bifid
= 0E play y
ZzRAzAzzZzAZZ g_ E o anatomy was, however, depicted equally good by both
e o § - CT and MRI. By combining the indirect imaging signs,
SEEY9ESEEEYE . |E=8  CT and MRI equally well predicted intracranial exten-
= = = = 3 . . .
ZOEEZOEEEEEQE g;ngf sion (10 of 11). In 1 patient (patient 1), both CT and
o= g MRI predicted intracranial extension which could not be
28 &  confirmed at surgery
=29 .
@ %'Qg’ 2 Evaluating the direct imaging signs (Table 2), CT and
= —_.== w==|%E§ 3 MRI correlated with the surgical findings in 9 of 11 pa-
SETE § £ g<. SEE = Zg tients. The MRI showed, however, an intracranial, extra-
EPESRSS S [_;_]9 =2 i z S dural signal alteration, indicating intracranial lesion loca-
£ § tion/extension, in 2 patients (patients 1 and 2) without a
< = . . . . .
E § S 5= corresponding correlate on CT. In the first patient indi-
e Egemm = S "é 'S,  rect imaging signs also indicated intracranial extension;
SESEGSEEES | Esg in the second patient the indirect imaging signs did not
fjé > -;g SRS s s 5 27|38 g E support an intracranial lesion location/extension. In both
e patients the fistula was macroscopically followed by a fi-
s § = brous stalk superiorly that was delivered and resected up
© 3083088 .0 .8 2 2 &  to the foramen caecum. Microscopic analysis of the re-
-E ke -’é 2 ~'§ Sc< ~"§ S5 | 22«  sected tissue confirmed the macroscopic findings. Be-
VPURLUZFZU gﬁ z cause no direct intracranial extension was found, no in-
s 5 oo 83 %g tracranial surgical exploration was performed. Addition-
028282228 ¢5 SEE al imaging findings included an eroded nasal bone in 3
2oEcBocoE T | § on . : :
Z2020R000ROZ ESy pathnts (pat.lents 1, 3 and 4), and a widened nasal sep-
5 ?0 S tum in 2 patients (patients 1 and 3).
=0
—NNTIN OO — ECTZE
—— | HoC
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Fig. 1A-D An 18-month-old
boy (patient 1) with a nasal
dermal sinus cyst (NDSC).

A Axial CT shows a midline
soft tissue mass (arrow) with
widening of the foramen cae-
cum and the nasal septum.

B Axial T2-rapid acquisition
with relaxation enhancement
(RARE) confirms an isointense
soft tissue mass within the
anterior nasal septum next to
the foramen caecum (arrow).

C Sagittal T1-weighted spin-
echo (SE) images show the iso-
intense soft tissue mass (lower
arrow) near the anterior skull
base with a questionable neigh-
bouring intracranial, extradural
component (upper arrow).

D Coronal T2-weighted RARE
confirms the anterior skull base
defect or widened foramen cae-
cum (arrows) as well as the
bifid, eroded crista galli. On
surgical exploration the cranial
extension of the lesion was
negative for neuroectodermal
components and was diagnosed
as a fibrous stalk

Fig. 2A-D A 20-year-old

man (patient 4) with an NDSC.
A, B Axial CT shows a hypo-
dense well-demarcated lesion
at the right medio-lateral mar-
gin of the nose. The lesion is
extending into the adjacent
nasal bone. C Axial T2-weight-
ed RARE and D coronal T2-
weighted RARE images dis-
play a strongly hyperintense
cystic NDSC. No intracranial
extension was seen, and the
nasal septum is not widened
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Fig. 3 A 5-month-old boy (patient 5) with a nasal meningocele.
Coronal T2-weighted RARE view reveals a T2-hyperintense men-
ingocele which is extending through a osseous defect in the left
paramedian frontobasis. No neuronal tissue is seen within the cele.
No associated neuronal malformations were seen

Discussion

The complex embryological development of the nose
with a close relation, interaction and finally separation of
the neuroectoderm, mesoderm and surface ectoderm has
been extensively studied, and many embryogenetic theo-
ries have been proposed [4, 5, 6, 7, 8, 18, 19, 21].
Despite the fact that currently no final consensus con-
cerning the normal nasal development has been achieved,
NDSC, nasal gliomas and encephaloceles are believed to
share similar embryogenetic origins [7, 18, 19, 20, 21]. A

Fig. 4a, b A 3.5-year-old child
(patient 6) with a nasal glioma.
a Axial T1-weighted SE imag-
es show a small isointense soft
tissue nodule within the left
nasal vestibulum (arrow). The
adjacent anatomy is unremark-
able, the nasal septum is not
widened or eroded. b Axial T2-
weighted RARE with fat sup-
pression reveals the T2-hypoin-
tense signal of the nodule
(arrow)

failure of the normal separation of the different germ cell
layers is considered to be causative. Consequently, all pa-
tients with developmental nasal masses must be consid-
ered as potentially having an intracranial extension [7, 18,
19, 20, 21]. Because surgical extirpation is considered to
be the only method of managing patients with these le-
sions [2, 4, 19, 22, 23], a careful examination and radio-
logical imaging is essential to determine the correct surgi-
cal procedure and to avoid complications.

Evaluating the current literature, no consensus exists
as to which imaging modality is considered to be most
advantageous. Both CT and MRI are considered to be es-
sential, but to our knowledge, no final recommendation
has been issued. From the surgical point of view, one of
the most important questions to be answered is whether
an intracranial extension is present. The chosen surgical
approach will depend on this information.

Our results showed that the direct imaging signs for in-
tracranial extension in CT matched the final surgical/histo-
logical findings in all patients. Considering the direct imag-
ing signs, MRI appeared false positive in 2 children with
NDSC. A subtle intracranial, extradural signal alteration
was encountered on MRI that was not confirmed on surgi-
cal exploration (Fig. 1). This does not, however, necessarily
indicate that CT is more accurate than MRI in excluding in-
tracranial lesion components. Especially as in one of these
2 patients, the indirect CT and MRI imaging signs also sus-
pected intracranial extension. More likely, these subtle ex-
tradural MRI signal abnormalities remained undetected by
CT due to its lower soft tissue contrast. We speculate that
intra- and extracranial lesion components can be simulta-
neously present despite an intact or unremarkable bony
frontobasis. Two considerations are mentioned to underline
this postulation. First of all, as stated previously, these le-
sions represent a spectrum of malformations along a com-
mon pathway of interaction and separation of the different
germinal cell layers. Taking this into account, malforma-
tions with connected intra- and extracranial components
and cases with solitary, either intracranial or extracranial,
located lesions are theoretically expected to represent the
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extremes of this spectrum. Consequently, presentations
should also be expected combining features of both ex-
tremes, which is the simultaneous appearance of an intra-
cranial and extracranial component without a direct con-
nection through the skull base. Secondly, the reliability of
the so-called gold standard has to be reviewed in light of
our first consideration. An intracranial extension is usually
believed to be excluded if the cephalic end of the surgically
removed extracranial nasal specimen or fibrous stalk is
tested negative for ectodermal or neurogenic elements on
multiple histological sections [24, 25]. Obviously, these re-
sults cannot exclude non-connected coexisting intracranial
components; therefore, the consequences of these consider-
ations are that the false-positive MRI findings in the first 2
patients with NDSC are maybe not false-positive findings
but could represent definite pathology which got undetect-
ed by CT due to its lower soft tissue contrast resolution and
by histology because this area was simply not explored.
The clinical importance of these subtle extradural MRI
findings are still to be studied, but it would mean that chil-
dren should be followed-up after surgical removal of the
extracranial mass to exclude a possible progression of in-
tracranial MRI signal alterations.

At least three previous reports have evaluated the signif-
icance of indirect imaging signs concerning lesion exten-
sion. Pensler et al. reported 10 patients in whom an en-
larged foramen caecum was taken as evidence of intracra-
nial extension, with 7 of them having a bifid crista galli
[24]. At craniotomy, however, none of the patients were
found to have intracranial lesions. They concluded that ab-
normalities of the bony frontobasis alone should not be tak-
en as an indication of intracranial extension without addi-
tional supportive evidence. Barkovich et al. [6] correlated
the size of the foramen caecum and abnormality of the
shape or bifidity of the crista galli in a healthy control
group with a group of children with NDSCs. They con-
cluded that these findings are only helpful when positive.
Barkovich et al. [6] also discussed that the progressing
ossification of the ethmoid bone and crista galli, as well as
the accompanying fatty metamorphosis of the bone mar-
row, are known to mislead CT and MRI mimicking false-
positive indirect imaging findings [20]. The age at which
these modifications take place unfortunately match the age
at which most of these lesions usually present. Bloom et al.
[19] studied 10 patients with NDSC. They concluded that
CT demonstrating an intracranial mass, bifid crista galli
and widened foramen caecum is diagnostic for an intracra-
nial extension in NDSC, whereas a normal size and appear-
ance of the foramen caecum and crista galli appear to rule
out intracranial extension; however, isolated widening if
the foramen caecum and bifid crist galli are only suggestive
for intracranial extension. They recommend that all cases
of positive or indeterminate CT scan require an MRI, espe-
cially as they had no false-positive or false-negative MRIs
in their series. Moreover, they recommend MRI as initial
imaging for all children with the diagnosis of NDSC [19].

In our experience, the high-resolution CT bone algo-
rithm reconstruction facilitates the evaluation of the fora-
men caecum, the crista galli and cribriform plate com-
pared with MRI. This limitation is, however, compensated
by distinct advantages of MRI, which include direct sagit-
tal imaging planes and the possibility to generate multiple
tissue contrasts (e.g. T1- vs T2-weighted sequences). Di-
rect sagittal planes can allow the visualisation of the entire
lesion including the intracranial communication [10]. The
different signal intensities can be used to differentiate the
dignity of the lesion. For example, T1- and T2-hyperin-
tense components within a lesion indicate fatty inclusions
as in an NDSC (Fig. 2), whereas a lesion that is T1- and
T2-isointense to the cerebral grey matter is most likely a
nasal glioma (Fig. 4). For example, T1- and T2-hyperin-
tense intralesional signals indicate fatty inclusions as in an
NDSC (patient 4). A lesion with a T1- and T2-signal iso-
intense to grey matter indicative of a nasal glioma (patient
6). Moreover, additional MR angiographic sequences can
help to differentiate nasal gliomas from capillary haeman-
giomas. This differentiation can be difficult on clinical in-
spection as Hoeger et al. reported previously [21]. In addi-
tion, partial-volume effects with the adjacent dense ossi-
fied frontobasis can hide small extradural lesions in CT.
Because the bony frontobasis is hypointense in MRI,
small extradural, intracranial lesions near the skull are
more easily identified on MRI. Finally, advances in MRI
hard- and software allows to image the frontobasis with a
progressive spatial resolution that allows to examine the
foramen caecum, crista galli and cribrifom plate in a detail
similar to high-resolution CT. In our study, the indirect CT
and MRI imaging findings matched in all patients. No le-
sions were seen by CT that was not seen by MRI, and vice
versa. The question concerning intracranial extension was
based on the indirect imaging signs, answered similarly by
CT and MRI. Consequently, our study could not support
the hypothesis that CT is more advantagous than MRI in
the evaluation of developmental nasal midline masses.

In none of our patients was an associated malformation
encountered. This is in concordance with the findings of
Bloom et al. [19] who demonstrated a 0% incidence of as-
sociated intracranial anomalies. Previous reports described
the incidence of associated anomalies in the range be-
tween 5 and 41% [7]. The NDSCs are reported in con-
junction with other anomalies in up to 41% of the cases
[26], meningo-encephaloceles often show associated brain
anomalies as well as ocular anomalies [6, 27]. The
NDSCs often become infected; 11% of patients with a
NDSC present with superficial bacterial infections. In our
series 3 children had suffered from recurrent superficial
infections of the NDSC. Frontal lobe abscesses occur in
33% of patients with an intracranial connection [8]. In our
series, only one child suffered from a severe complicating
meningitis (patient 9; meningitis). The superior soft tissue
resolution of MRI compared with CT is known to be very
advantageous in diagnosing these complications.
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One of the most important advantages of MRI com-
pared with CT is the lack of ionizing radiation for imag-
ing. This is especially important in this usually young
patient population in which the radiosensitive eye lenses
are exactly within the field of imaging. This lack of radi-
ation is especially important in children who need fol-
low-up imaging.

Conclusion

Developmental midline nasal anomalies are rare lesions
that result from a failure of embryological separation of
neuroectodermal and ectodermal tissue. Neuroimaging is
essential in determining the dignity of the lesion and
their possible intracranial extension. Direct and indirect
imaging findings will guide surgical intervention. Our
study showed that CT and MRI are equally sensitive in
the detection of the extracranial mass; MRI can, how-
ever, show intracranial, extradural signal abnormalities

without a coexisting bony abnormality of the frontobasis
and without a corresponding CT finding. The exact
meaning of these signal changes has to be determined in
future studies. Both CT and MRI seem equally sensitive
in the detection of indirect imaging findings despite the
fact that CT delineates the bony frontobasis in more de-
tail. Ongoing advances in hard- and software have in-
creased the spatial resolution of MRI continuously al-
lowing to study the bony frontobasis with similar preci-
sion to that of high-resolution CT. The major advantages
of MRI include the multiplanar imaging planes, different
tissue contrasts and most importantly the lack of ionizing
radiation in this young patient population in which the
pathology is located at the level of the orbits/eye lenses.
We believe that the advantages of MRI outweigh the dis-
advantages and consequently should be used as primary
imaging tool in the work-up of developmental nasal mid-
line masses. Future studies with high-resolution pre- and
postcontrast MRI studies with fat-suppression techniques
are expected to further increase the diagnostic accuracy.
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