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Introduction

Pneumosinus dilatans (PSD) is a
rare condition of abnormal expan-
sion of one or more paranasal
sinuses. Meyjes1 first described it
as a pneumatocoele, Benjamins2

used the term “pneumosinus dila-
tans” and Lombardi et al.3 exten-
sively reviewed the condition.
Criteria for a PSD are: 1) an aerat-
ed, abnormally expanded sinus
(with no pathology); 2) intact
sinus walls of normal thickness; 3)
outwardly displaced walls causing
clinical deformities or encroach-
ment on surrounding tissues.
Although Urken et al.4 stressed the
difference between 2 other cate-
gories of enlarged air-filled sinus
pathology: hypersinus (no clinical
bossing, intracranial extension or
orbital encroachment) and pneu-
mocoele (focal or generalised
thinning of the bony walls), the
term PSD is often used for all
dilated, air-filled sinuses.5-8

Diagnosis is made by standard Rx,
CT scan or MR imaging and fre-

quently associated pathology is
seen on these radiological investi-
gations. A new case of PSD
involving the ethmoidal and
frontal sinuses in a child with neu-
rofibromatosis type 2 (NF2) is
presented.

Case report

A 6-year old boy presented with
progressive proptosis of the left
eye and strabismus (Figure 1A).

On clinical examination, he had
left eye hypoglobus, 10 mm
exophthalmus, restricted elevation
of the eyeball and chorioretinal
abnormalities.  His left visual acu-
ity was fingers counting at
2 metres. General clinical exami-
nation revealed a few small cuta-
neous tumours on the back com-
patible with cutaneous schwanno-
mas. On audiometry, he had a
bilateral perceptive hearing loss
up to 60 dB for frequencies higher
than 2000 Hz.

A CT scan revealed a mass in
the supranasal quadrant of the left

orbit with displacement of the
medial rectus and superior oblique
muscles (Figure 2A). The adjacent
left ethmoidal and frontal sinuses
were enlarged in comparison with
the right side. T2-weighted
images of magnetic resonance
imaging showed bilaterally
enlarged trigeminal nerves and
bilateral vestibular schwannomas.
A full spinal MRI investigation
was negative. Given the presence
of bilateral vestibular schwanno-
mas, mononeuropathy of the right
lower extremity, typical cutaneous
tumours and a chorioretinopathy,
the diagnosis of NF 2 was made.
As he had little clinical burden
and limited results were expected
from surgical debulking, conserv-
ative follow-up was planned. 

At the age of 9 years, he pre-
sented with worsening proptosis
and hypoglobus (Figure 1B). 

An orbital CT-scan showed
little increase in the volume of the
left orbital tumour but a signifi-
cant increase in the volume of the
ethmoidal and frontal sinuses
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(Figure 2B). No sign of break-
down or thinning of the sinus wall
was seen. 

Because of the symptomatic
PSD, the possibility of progressive
distortion of the lamina papyracea
and eyeball, and the lack of histo-
logical diagnosis of the orbital
mass, surgical decompression was
performed. Via an endoscopic
approach, the anterior and posteri-
or ethmoidal sinuses were cleared
and the frontal recess was opened.
The lamina papyracea was maxi-
mally removed. The intact perior-
bit was incised horizontally and an
incision biopsy of the tumour was

taken. Histopathological examina-
tion showed meningiothelial
meningioma (Figure 3). 

Postoperative clinical follow-up
showed a decrease in the propto-
sis. An MRI scan was performed
to investigate a pan-cochlear hear-
ing deterioration of 70 to > 80 dB
of the right ear. This showed no
growth of the bilateral vestibular
schwannomas, but revealed an air-
fluid level in the left frontal sinus.
On subsequent CT scans, there
was resolution of this air-fluid
level and no further expansion of
the PSD. In the two years follow-
ing sinus surgery and biopsy, there

has been no progress in his prop-
tosis and strabismus.

Discussion

A child with NF2 and PSD involv-
ing the left ethmoidal and frontal
sinuses and an adjacent left orbital
meningioma is reported. 

PSD is mainly localised to the
frontal sinus and involves the
sphenoid, maxillary and eth-
moidal sinus less frequently. The
age of presentation varies from
puberty to late adulthood, with a
peak at 20 to 40 years. There is an
overwhelming predominance of

Figure 1
Picture showing the hypoglobus and exophthalmus of the left eye: a) at the age of 6 years; b) at the age of 9 years

Figure 2
Coronal CT-scan showing dilatation of the left ethmoidal sinus and adjacent ill-defined orbital mass: a) at the age of 6 years; b) at the
age of 9 years.
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males.3,6 Most cases of PSD are
asymptomatic. Clinical diagnosis
is made when a cosmetic deformi-
ty such as frontal bossing is
noticed, or when the expansion of
the sinus encroaches on the sur-
rounding structures such as the
orbit and the pituitary gland, lead-
ing to diplopia, proptosis, reduced
visual acuity, anosmia, headache,
weight gain, polydipsia, polyuria,
decreased libido or galactor-
rhoea.3,4,9 Several hypotheses
regarding the pathogenesis of
PSD have been proposed. Those
for the idiopathic PSD3,9 are listed

in Table 1 and those for the asso-
ciated PSD5-8,10,11 in Table 2. The
reported conditions with clear evi-
dence of association are listed in
Table 2 according to the most
probable hypothesis of pathogene-
sis. Associations with trauma,
basal-cell naevus and Von
Recklinghausen syndromes,12 with
infantile meningo-encephalitis13,14

and with acromegaly4,5,14 were not
included as, at present day stan-
dards of medicine, doubt about the
diagnosis of either the PSD or the
associated pathology exists. As
optic nerve meningiomas are not a

frequent feature of Klippel-
Trenaunay-Weber syndrome, the
association of this syndrome and
PSD15 is too rare to include in
Table 2. In case of a symptomatic
PSD, treatment consists of conser-
vative follow-up. Surgery can be
considered when the expansion of
the sinus causes cosmetic defor-
mities, encroaches on surrounding
structures (leading to symptoms)
or if associated pathology is pre-
sent. 

NF2 is an autosomal dominant-
ly inherited disorder with a high
degree of penetrance and an esti-
mated incidence16,17 of 1 in 40000.
New mutations represent 50% of
the cases. NF2 is characterised by
multiple tumours of the cranial
nerves, typically bilateral vestibu-
lar schwannomas, which produce
hearing loss, tinnitus, imbalance,
headache, and facial paralysis.18,19

Other nervous system tumours
seen in NF2 are intracranial or
spinal meningiomas, spinal cord
or cerebral ependymomas,
schwannomas of the spinal nerve
roots or spinal cord, gliomas, and
astrocytomas. Lens opacities, reti-
nal hamartomas, peripheral
polyneuropathy, café-au-lait spots

BA

Figure 3
Histological section of the orbital meningiothelial meningioma, showing the typical whirling pattern of the meningothelial cells
(magnification � 250): a) hematoxylin & eosin stain; b) epithelial membrane antigen stain.

Table 1

Pathogenesis of isolated pneumosinus dilatans: possible mechanisms

1. One-way valve mechanism at the level of the sinus ostium (e.g. redundant mucosa)
leading to a progressive increase in pressure 

pro: – presence of an obstructive polyp or an obstructed ostium
– pain experienced after flying, diving or nose blowing
– response to surgery

contra: – normal measurement of antral pressure on sinus puncture
– open ostium, normal mucosa and drainage of sinus secretions

2. Gas-producing organism 
contra: no such organism has ever been isolated

3. Spontaneously emptied mucocoele 
pro: patients describing an episode of nasal discharge

4. Hormonal influence on osteoblastic activity 

5. Congenital malformation, leading to abnormal growth of the sinus cavity
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and cutaneous schwannomas can
occur. 

In the literature NF2 is not
included in the list of pathologies
typically associated with PSD.
However, Lloyd5 reported on a 15-
year-old girl with NF2 (bilateral
vestibular schwannomas and an
intraventricular meningioma) and
proptosis. CT-scans showed dilat-
ed fronto-ethmoidal air cells and
an adjacent meningioma on the
medial wall of the left orbit. There
is a remarkable resemblance to the
history of the presently reported 9-
year-old boy. We suggest that the
association of PSD, intra-orbital
meningioma and NF2 in both
reports is not a coincidental find-
ing. NF2 is associated with an
increased risk of developing
meningiomas and some menin-
giomas are associated with PSD.
However PSD is frequently
asymptomatic and its presence can
be difficult to ascertain on MRI
images. Therefore the association
of NF2, meningioma and PSD
may be more frequent than is
presently appreciated.

In conclusion, pneumosinus
dilatans in young children should

alert radiologists and clinicians to
the possibility of a meningioma
and subsequently of neurofibro-
matosis type 2.
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Table 2

Pathological conditions with reported association to pneumosinus dilatans, divided
into different categories according to the proposed mechanisms:

1. Space occupying lesions near the dilated sinus with a stimulating effect on
osteoblasts and osteoclasts and subsequent thinning of the bone and expansion of
the sinus 

orbital meningioma (5)
intracranial meningioma (7)
orbital neurilemmoma (= schwannoma) (8)
ossifying fibroma (5)
fibrous dysplasia (5)

2. Pathology with decreased intracranial pressure leading to increased pneumatisation 
prolonged CSF shunting (6)
cerebral hemi-atrophy  e.g. Dyke-Davidoff-Masson syndrome (10)

3. Paradoxal association with arachnoidal cyst: temporal lobe hypoplasia is suggested
to be the primary event, leading to both sinus and arachnoid cyst expansion (11)


