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Backgroound. Pneumosinus dilatans (PSD) is a rare condition. It has
beenreportedinassoci ationwith spheno-orbital meningioma, opticnerve
sheath meningioma, orbital fibro-osseous diseases and intracrania
meningioma, but never with or bital neurilemmoma. We re port 4 cases of
or bital neurilemmomasinassoci ationwith PSD, and stresstheim por tance
of PSD in cases of or bital neurilemmomeas.

Methods. Were viewed the hos pi tal chart, and found 324 or bital tu mors
were found from 1974 to 1996. Eight consecutive cases of pathology-
proven pri mary or bital neurilemmomawerestudied. Clini cal features, es
pecially com puted tomography (CT) scan, were com pletely re viewed to
find the co- existenceof or bital neurilemmomaand pneumosinusdilatans.
Results. Four cases (50%) among 8 cases of pathology-proven orbital
neurilemmomas were found to have pneumosinus dilatans in their CT
scan. All thesefour caseswereextraconal tumors. RepresentativeCT scan
showed enlarged, aer ated si nuswith thin ning of the af fected si nuswalls.
Ethmoidal, frontal and maxillary sinuses were the most frequently &f -
fected.

Conclusions. Pneumosinus dilatansiscommonly associ atedwithpri mary
or bital neurilemmoma. [Chin Med J (Taipei) 2002;65:218-224]

Four percent of orbital neoplasms are periperal
nerve tumors and primarily consist of neuro-
fibromas and neurilemmomas (or schwannomas). Of
these, 2% of thele sionsare plexiform neurofibromas,
1% iso lated neurofibromas, and 1% neurilemmomas
(or schwannomas).*? Thus, neurilemmomais arel a
tively uncommon tumor in the orbit. This benign
Schwann cell tumor of periphera nervesusu dly pres
entsasad ow-growing tumor inadult hood, withtheage
at di agnosisranging from 20to 70 years® Thereisno
predi lectionfor sex, but somereported that women are
dightly morecommonly af fected.** Most casesare uni-
lateral andsol i tary. Ocular proptosis, decreasedvi Sion,
diplopia, trigemind distri bu tion numb nessor pain oc
curredasthepresentingclini cal features. Thedi rection

of proptosismay vary, but usu aly with downward dis-
place ment of the globe, as most neurilemmomasin-
volvethe su perior or bit and arise from branches of ei-
ther the supraorbital or supratrochlear nerve.®* Or bital
neurilemmomaisan en cap sulated, noninvasivelesion
that hasmini mal ef fectson other or bital struc turesex-
cept by mechanical compression.> On com puted to-
mog raphy (CT), it showsawell-defined ho mog enous
massthat en hancesmildly tomod er ately.** Cal cifica
tion within thetu mor israre, but cystic changeis char-
acteristic. Meanwhile, bony ex pansionwithenlarge
ment of superior orinferior or bital fissuresisnot un-
common.” Ultrasonography usu ally shows asolid le-
sionwith asharply out lined cap sule. The tu mor may
containacentra cystic spaceduetomyxoiddegener a
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tion.>®Onmag neticresonanceimaging (MRI), amore
hetero genousap pear anceisnot uncommon. On'T2-
wel ghtedscans, thesetumorsaretypi cally hyperintense
to brain and i sointense with cerebro spinal fluid.*
Pneumosinus dilatans (PSD) isarare con di tion. It
referstoanabnor mal di latation of oneor moreparanasa
s nuseswithout radiologicev i denceof local izedbone
dedtruction, hyperostosisor mucousmembranethick en
ing.”® It may &f fect any of paranasd s nusesand most of-
tenaf fectsthefronta s nus® PSD hasbeenreportedto be
inassoci ationwithsuprasellar meningioma® opticnerve
sheath meningioma of optic canal,}*? orbital fibro-
osseousdiseases'®*® and intra cranial meningiomain-
volvingthefronta lobe.*” To our knowl edge, PSD asso-
ci ated with or bital neurilem momahas never beenre
ported previoudy. Here we report 4 cases of orbital
neurilemmomasinassoci ationwithPSD.

M ethods

Weconductedaret rospectivereview of or bital tu-
morsdi agnosedat Tai pei Vet eransGeneral Hospi tal.
The computer registry of Taipel Veterans General
Hospi tal wassearched for thedi agno sisof or bital tu-
mor, and atotal of 324 patientswerefound to haveor-
bital tumors from 1974 to 1996. Among these pa-
tients, 8 (2.4%) casesof pathol ogy-proven pri mary or-
bital neurilemmomaswerefound. We an alyzed the
clini cal features, especially the CT scan, inthese pa
tients. Thedi ag no sisof PSD was based on stan dard
radi ography, CT scanor MRimagingstudy. Thedi ag
nosticcri teriafor PSD consistsof (1) theenlargement
of an air cell or thewhole si nus, (2) the pres ence of
only air inthe ab nor mal space, and (3) thebal looning
outward of the walls of the sinus, which may be
thinnedand/ordemineralized.®®

Results

From 1974 to 1996, eight cases of pathology-
proven orbital neurilemmomas were collected, in-
cluding 6 males and 2 fe males aged from 24 to 69
years (mean age of 44.2 years). Five patients pre-

sented with or bital massin theright or bit, while 3in
theleft or bit. Tu morswerelo cated extraconally in 6
and intraconally in 2.

Clini cal symptomsand signsrevealed proptosis
(8/8), EOM limi tation (6/8), vi sua im pair ment (3/8)
and lid swell ing (2/8). Four patients were found to
have pneumosinusdilatansin their CT scan. Inthese 4
cases, theor bital masseswereall |o cated extraconally.

Case 1l

A 24-year-old male patient pre sented with pro-
gressive proptosis of right eyefor 5 months. Vi sion
was6/4.5in both eyes. Limi tation of up per gazewas
noted in the right eye. Pupillary light reflex was
prompt in both eyes. Exophthalmometer showed 6
mm proptosisof theright eyein com par i sonwith left
eye. Ophthalmol oscopy re vealed choroidal fold inthe
right eye. CT scans (Fig. 1 ABC) showed alarge or-
bital masswith mar ginal en hancement, lo cated su pe-
ri orly and posteri orly inor bital apex. Pneumosinus
dilatansof frontal, sphenoida , ethmoidal and maxillary
s nuseswere noted aswell. Theright or bital masswas
removed subtotally through | at eral orbitotomy. His
topathol ogical exami nationreveal edatypi cal picture
of neurilemmoma (Fig. 1D) con sist ing of Antoni-A,
Antoni-B cells, Verocay bodiesand posi tive S-100
protein stain. Post op er ativecoursewassmooth. Vi-
sion of both eyesre mained 6/6 with free move ment of
both eyesdur ingal16-monthfol low-up period.

Case 2

A 32-year-oldfemalehad progressiveprotrusion
of left eyeand oc casional diplopiafor 1 year. Her best
cor rected vi sonwas6/4.5intheright eyeand 6/7.5in
theleft eye. Slitlamp biomicroscopy revealed nor ma
anterior segment. Horizontal retinochoroidal folds
was found in the left eye with fundoscopy. Exo -
phthalmometer showed 5 mm proptosis of the left eye
compared with right eye. CT scans showed an
extraconal or bital masslocatedinsuperior andlat era
part of 1eft oribit, with thin ning of theleft or bital roof.
PSD of sphenoid, ethmoidal and frontal si nuseswere
alsonoted (Fig. 2). Lat era orbitotomy with com plete
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Fig. 1. Clini cal and pathologi cal profilesof case 1. (A) an or bital masswith heterogenousintensity (+) lo catedin
retrobulbar space of or bit; (B) Thetumor (*) inthe su perior or bit displaced theright eye down ward; Pneumosinus
dilatans of the fron tal and ethmoidal si nuseswere a so noted; (C) Mar ginal enhancement onthenasal periphery of
thetumor; and (D) Verocay body within the tu mor (ar row). (hematoxylin-eosin,” 40).

removal of orbital tumor was performed. Histo-
pathol ogical ex ami nationdisclosed aneurilemmoma
with myxomatouschange. Post op er ative coursewas
smooth and the patient waswell dur ing a4-year fol-
low-upperiod.

Case 3

A 60-year-old male com plained of de creased vi-
sion in hisright eye and diplopia for one and a half
years. Best cor rected vi sual acu ity was 6/6 in both
eyes. Exophthalmometer showed 5 mm proptosis of
the right eye compared with left eye. Slitlamp
biomicroscopy revealed apterygiumintheright eye.
Mild limi tation of adduction was noted in theright
eye. CT scans demonstrated an extraconal orbital
massin themedial or bit, and PSD of ethmoidal and
sphenoidal si nuses(Fig. 3A and Fig. 3B). Anterior
orbitotomy was performed to remove the tumor.
Histopathol ogical ex ami nationdisclosedagray ish

soft tumor withsizeof 1.2" 1.2" 2centi meter. Mi-
croscopically, the section showed a picture of
neurilem momacom posed of cel lular masswithelon-
gated nu clei in awhorled pat tern in a collagenous
matrix. Pal i sading of nuclel isconspicuous. Thepa
tient was rather well with cor rected vi sion of 6/10in
theright eye and 6/6 in the left eye af ter 4 years of
follow-up.

Case 4

A 27-year-old male pre sented with right eye pro-
trusion and vi sual im pair ment for more than 2 years.
Hisvi sual acu ity was6/10 in theright eyeand 6/6 in
theleft eye. PSD of ethmoidal and sphenoida s nuses
were seen on CT scan (Fig. 3C and Fig. 3D). Theright
or bital tumor wascom pletely removed. Histo patho-
logical ex ami nation proved to beneurilem moma. No
signsof tu mor re cur rencewere noted dur ing a2-year
fol low-upperiod.
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Fig. 2. Clinical andpathologi cal profilesof case2. ( A) anor bital masswith heterogenousintensity (+) waslo cated in su pe-
rior part of left or bit; (B) Pneumosinus dilatans of the sphenoidal si nus; (C) Thetu mor (*) inthesu perior or bit dis
placed theleft eyedownward; Central en hancement of thetu mor and bony ero sion of theleft or bital roof werefound
(arrow); and (D) Grossap pear anceand cut sur face of theremoved tu mor speci men.

Fig. 3. CT scansof case 3 and case 4. (A) Anor bital tumorlo cated at themedial or bit (+); (B) Pneumosinus dilatans of the
sphenoidal si nus; (C) Pneumosinusdilatans of the ethmoidal si nusand anterior clinoid pro cess; and (D) A well en-
hanced tu mor (*) intheright or bit.
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Discussion

Neurilemmoma, or schwannoma, a peripheral
nervesheathtumor,isapureprolif er ationof Schwann
cells. This Schwann cell tumor usu ally presentsasa
dowly progressivetumor intheadult hood. It hasbeen
reportedto asso ci atewith neurofibromatosistype 1.
Ap prox i mately 1.5% to 18% of patientswho have
neurofibromatosishave or bital neurilemmomal® Ma-
lignant transfor mation of theneurilemmomahasbeen
known to oc cur in patientswith neurofibromatosis,®
thoughmalignanttransfor mationisex tremely rare.
Histopathol ogically a be nign neurilemmomaiswell
dif ferenti atedandisencapsulatedintheperineurium
of thenerveof itsori gin. Theclassic pictureistheal-
ter nation withinthetu mor of solid cel lular area, re
ferred to asthe Antoni A pat tern, and loose myxoid
tissuewith stellate or ovoid nu clel, referred to asan
Antoni B pat tern.2° Cystic change within the tu mor
may oc cur sec ond ary to co alescence of mucinousor
microcystic areas in Antoni B tissue of neurilem-
momas.®

The echographic finding of neurilemmomas
showsasolidlesionwith asharply out lined cap sule.
Thetumor may containacentral cystic space dueto
myxoiddegeneration.®*¢ Theinter nal reflectivity was
low within the cystic spaces, and was me diumto high
withinthesur rounding solidregions.® On CT scan,
neurilemmomas show a well-defined homogenous
massthat en hancesmildly tomoder ately. 4*Cal ci fi ca
tionwithinthetumor israre, but cystic changeischar-
acteristic. CT scanisthemost useful inlocal izingthe
tumor. Theclassic neurilemmomaisalobul ated mass
and ori entated in an anteroposterior align ment within
theor bit. Thesu perior or bitisthemost com mon site
involved and thelesionismorefrequently extraconal
than intraconal .* Nev er theless, somereported that the
distribution of neurilemmomas in the retrobulbar
space and the fre quency inintra- and extrconal com-
partmentsappearsrandom.® On MR imaging study, a
more heterogenous appearance is noted in the
neurilemmomas. On T2-weighted scans, thesetu mors
aretypi caly hyperintenseto brain and isointensewith
cerebrospinal fluid. Marked en hance ment with gad o-
liniumistypi cal of neurilemmomas.*

Focal or gener d ized bony changeshavebeenre-
ported in four fifths of neurilemmomas. Generalized
enlargement of theor bitismorefre quent withintra-
conal tumors. Frank ero sion through the boneis seen
only in tu morswhich werewholly or par tially extra-
conal.? Meanwhile, bony expansion with enlarge
ment of superior orinferior or bital fissuresisnot un-
common.* Widening of thesu perior or bital fissureis
ev i dentina most aquar ter of the neurilemmomas,
with equal fre quency for intra- or extraconal lo ca
tions.?* Nev er theless, to our knowl edge, theassoci &
tion of PSD with or bital neurilemmoma has not been
reported.

PSD wasfirst de scribed by Benjamins’ and was
extensively reviewed by Lombardi et al .2 It ischar ac-
terized by progressive expansion of one or more
paranasal sinusesassociated with progressivethin
ning of the s nuswall, but without evi denceof local-
ized or mu cous-membranechanges.® It may af fect any
of paranasal s nusesand most of ten af fectsthefrontal
sinus.2 On CT scan, PSD may show an en larged, aer-
ated s nuswithanabnor mally thinwall, andisusualy
a benign asymptomatic process. However, it may
causeprogressivevi sua lossfromopticnerveneurop-
athy if thesphenoidsi nusinvolves.****#PSD isdi ag-
nosed with standardradi ography, CT scanor MRim+
agingstudy. Thedi agnosticcri teriainclude (1) theen
largement of an air cell or the whole sinus, (2) the
presenceof only airintheab nor mal space, and (3) the
bal looning out ward of thewalls of the si nus, which
may bethinnedand/ordemineralized.*

The pathophysiology of PSD remainsun clear. In
nor mal subjects, thereisawidevari ationinthedegree
of pneumatisation of thesi nuses. Over growth may oc-
cur inacromegalic sub jectsun der theinfluenceof a
genera growthfactor or asacompensatory phenome
nonincasesof agenesisof acerebral hemi sphere.®1223
The underlying mechanism for a localized PSD is
evenmoreob scurewithmany speculativehy pothesis.
Several authors suggested a ball-valve like air-
trapping mech anisminwhichfail ureof theair pres
surewithin the s nusto equilibrate with the en vi ron-
ment |eadsto si nusex pansion.*®?*Nev ertheless, in
only one reported case has the stenosis of a sinus
ostium been doc umented.? Congenital abnormal ity



May 2002

Pneumosinus Dilatans and Neurilemmoma 223

hasal so been pro posed asapossi blemech anismthat
duetoacongeni tal abnor mal ity, uncheckeddevel op
ment and growth of thes nuscav ity andthemeningea
cellsleadstothe PSD and asso ci ated tu mors.?? In
PSD associated with pathologic processes such as
meningioma and fibro-osseous dis eases, some sug-
gested that the meningioma or fibro-osseous dis eases
insomeway stim u late the boneto bulge by mechani-
cal orchemi cal factors!21"2 Wiggli et al. suggested
that chronic pressuremightinduceaboneremodel ing
processwithpredomi nant osteoblasticactivity. Si nus
ex pansionmight oc cur at theboneremodel ing place.®
How ever, other au thors sug gested that the pri mary
eventisex pansionof thes nusandthat theex pansion
withitsrelatedthinning of bonestimulatesthegrowth
of adjacent meningeal cells to produce a
meningioma.®

Sphenoid PSD was reported to be a sign of
intracanalicular op tic nerve sheath meningioma.1%12
PSD associ ated with suprasellar meningioma,® with
orbital fibro-osseous diseases®**> and with intra-
crania meningioma’ has also been re ported. Thisse-
riesfound no case as o ci ated with neurofibromatosis,
and no sign of fibro-osseous disor dersinal patients.
Toour knowl edge, theassoci ationof PSD withor bital
neurilemmoma has not been re ported yet. In our se-
ries, 4 cases(50%) of neurilemmomawereasso ci ated
with PSD. The incidence of PSD in the orbital
neurilemmomas was as high as 50% in our study. One
patient was 60-year-old, with the rest being 24-32
yearsof age. Thepossi hil ity of congeni tal abnor mal-
ity astheunderlyingmechanismfortheassoci ationof
neurilemmomaswith PSD, thoughunlikely, cannot be
ex cluded. Three cases had the neurilemmomasin su-
perior or bit, and one casein medial or bit. Thesetu-
morswere ol i tary and well defined, which makethe
ball-valvelike mech anism unlikely sincethey do not
seem to oc clude the ostium of the paranasal si nuses.
All the neurilemmomas in these 4 cases were
extracona inlo cation. Sincethefrank bony ero sion
oc cursonly in neurilemmomas with extraconal lo ca
tions, wewould ex pect agreater mechani cal and/or
chemical effect on the neighboringparanasal si nus
from these extraconal neurilemmomas. The stimulat
ing ef fect from the extraconal neurilemmonas pos si-

bly induces the paranasal sinus to develop over-
pneumatization. Al thoughthemechanismunderlying
theasso ci ation between PSD and neurilemmomais
still unkonwn, from our ob ser vation, we sug gest that
pneumosinusdilatansmay beasig nif i cant sign of or-
bital neurilemmoma.
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