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Introduction

Pneumosinus dilatans (PSD) is a

rare and benign condition that

involves hyperaeration of one or

more sinus cavities. It is defined

as an abnormally enlarged, air-

 filled paranasal sinus without

radio logical evidence of localized

bone destruction, hyperostosis, or

mucous membrane thickening.1

About a hundred cases are cur-

rently reported, either idiopathic

or in association with other disor-

ders.2 However, the pathogenesis

remains unclear; although, it is

thought that increases in intra-sinus

pressure could be important.3,4

Pneumocele refers to an aerated

sinus with either focal or generali-

zed thinning of the bony sinus

walls.3 The feature that differenti-

ates pneumocele from PSD is the

loss of integrity of part, or all, of

the bony sinus wall. 

We report the cases of two

patients, each presenting with an

abnormally enlarged frontal sinus

(a case of PSD and a case of pne-

umocele) and nasal polyposis. To

our knowledge, this is the first

description of such an association,

which supports the one-way valve

hypothesis.4

Case reports

Case 1

A 31-year-old man presented at

our department with chronic rhi-

nosinusitis since his childhood,

without any asthma or aspirin

intolerance. He complained of

bilateral nasal obstruction for

many years, nasal discharge, dull

pain, and frontal pressure above

both eyebrows that increased after

nose blowing or upon airplane

ascent. He didn’t complain of loss

of smell or taste. Physical exami-

nation showed bilateral nasal

polyposis. The patient also pre-

sented with a considerable left

frontal protrusion. The protube-

rance appeared at the age of 22

and increased progressively.

There was no history of focal inju-

ry. Computed tomography showed

partial or complete obstruction of

most of the sinuses, associated

with a relative enlargement of the

frontal sinuses with marked defor-

mation of the anterior wall of the

left frontal sinus (Figure 1A).

Bony walls of the sinuses were of

normal thickness, with no eviden-

ce of local erosion; therefore, we

diagnosed frontal pneumosinus
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dilatans even if the findings did

not completely agree with the

definition. 

No medical treatment succeed-

ed in improving his nasal conditi-

on. The patient underwent func-

tional endoscopic sinus surgery

for nasal polyposis,5 associated

with the Draf I procedure. After

surgery, frontal ethmoidal reces-

ses were completely free of

polyps. After three years of follow

up with medical treatment for

nasal polyposis5 and normal fron-

tal sinuses aeration, the left frontal

protrusion did not increase any-

more (Figure 1B) and the patient

requested plastic surgery. We per-

formed frontal reconstruction to

correct the deformity, using fron-

tal incision in a frontal wrinkle.

Case 2

A 17-year-old man presented with

a left frontal protrusion and orbital

encroachment (Figure 2) associa-

ted with chronic rhinosinusitis.

Frontal deformation appeared pro-

gressively over the past 4 years.

The patient complained of left

frontal pain, nasal discharge, and

bilateral nasal obstruction. Sense

of smell and taste were normal,

and the patient didn’t experience

asthma or aspirin intolerance.

Clinical endonasal examination

showed bilateral nasal polyposis.

CT scan showed obstruction of

most of the sinuses, associated

with enlargement of both frontal

sinuses. There was localized thin-

ning and erosions of the bony

anterior wall corresponding to the

site of protrusion (Figure 3). The

patient experienced medical treat-

ment for nasal polyposis with sys-

temic steroid therapy followed by

spray administration.5 This treat-

ment didn’t improve the nasal

condition; therefore, the patient

underwent functional endoscopic

sinus surgery. A few months later,

the patient was operated on again

for fibrosis of both nasofrontal

recesses. Frontal drillout (Draf III)

was performed and the patient no

longer experienced this complica-

tion. Two years after the last sur-

gery, the nasal pathology was con-

trolled with medical treatment,

and a new CT scan showed nor-

mal anterior wall on both frontal

sinuses (Figure 4). 

Discussion

PSD and pneumocele refer to an

abnormally expanded sinus that is

aerated. Our two patients did not

exactly fit these criteria. Both

patients had a history of progressive

frontal protrusion for a few years,

but CT scan didn’t show aerated

sinuses. Certainly, their nasal

inflam matory pathology was res-

ponsible for the filled aspect of

their sinuses, due to retention, but

neither patient ever had frontal

mucocele. Moreover, persistent

sinus septations of the frontal

sinus on CT scans argued against

the diagnosis of frontal mucocele.

However, after surgical treatment

for nasal polyposis, with removal

of the nasal polyps in the naso-

frontal recesses, the frontal sinuses

appeared aerated. Only mucosa

remained with minor inflammati-

on (Figure 1B). For this reason, it

Figure 1
Axial CT scan of patient 1. A: At initial presentation, we see frontal protrusion without
thinning of the anterior wall of the frontal sinus. The frontal sinus was filled with polyps
and secretions due to nasal polyposis. B: Two years after functional endoscopic sinus
surgery, associated with the Draf I technique, the frontal sinuses remained empty and
there was no further enlargement of the sinus. The thickness of the bony anterior wall
was still the same.

Figure 2
Patient 2: aerial views of the frontal sinuses showing the deformation

A B

A B
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seemed we could use the terms

“pneumosinus dilatans” and “pneu -

mo cele”.

Many mechanisms have been

proposed to explain the pathoge-

nesis of both pneumocele and

PSD, but the mechanism has not

been elucidated. These theories

include infection caused by a gas-

forming organism, abnormal sinus

development with or without exis-

ting prior malformation, spontane-

ous drainage of a mucocele, a con-

genital anomaly, an endocrine

disorder, and the valve mecha-

nism. A case of infection with a

gas-forming organism has never

been published and such an orga-

nism has never been isolated.

Cases have been reported sugge-

sting spontaneous drainage of a

mucocele,3,6 but most patients fail

to give such a history. Abnormal

sinus development has been pro-

posed quite often. There have

been numerous observations of

PSD associated with meningio-

mas, which suggests pathological

local factors cause sinus enlarge-

ment.2,7 Reports of enlarged fron-

tal sinuses in patients with acro-

megaly suggest PSD or pneumo-

cele to be secondary to abnormal

levels of growth hormone8; yet, no

author provides evidence for spe-

cific bony histopathological modi-

fication or for abnormal levels of

growth hormone in these patients.

PSD has also been seen in patients

following trauma or surgery, sug-

gesting obliteration of the sinus

and subsequent hyperinflation as

the etiology.9

A recent paper showed a statis-

tically significant association

between facial port wine stains

and PSD.10 The authors suggested

diminished neural influence along

with diminished density of peri-

structural nerves, responsible for

port wine stains, could also be the

cause for primary PSD, especially

considering the one way valve

mechanism. However, with this

theory, it is hard to explain the

expansion of only one of the two

frontal sinuses without any evi-

dence of other local injury, such

as port wine stains or any other

assimilated pathology, as we ex -

perienced with our two patients.

The neural influence must certain-

ly be taken into consideration,

especially when associated with

other possible mechanisms, sug-

gesting multiple mechanisms play

a role in the physiopathology of

PSD. The valve mechanism is one

of the most attractive theories,

even if it has not been proven. It

is the most commonly proposed

pathogenic mechanism and has

the most credibility by involving

a local process responsible for ob -

struction of the sinus ostium with

a one-way mechanism.4,11 Only a

few studies report the presence of

a polyp or soft tissue mass near

the affected sinus ostia.12

Our two patients presented with

massive polyps in the ostiomeatal

complex and frontal recess on

both sides, blocking the frontal

ostia. In these two cases, sinus

enlargement and nasal polyposis

could be considered two entirely

unrelated diseases. Thus, a previ-

ous PSD might be filled later by

chronic rhinosinusitis and nasal

polyposis. The medical history of

our patients showed that nasal

Figure 4
Axial CT scans of the frontal sinuses six months (A) and two years (B) after functional
endoscopic sinus surgery with the Draf III technique for the frontal recess followed by
standardized medical treatment for the nasal polyposis. 6 White arrows show thickening
of the bony anterior wall after two years.

Figure 3
CT scan of patient 2 at initial presentation. A: Axial view showing nasal polyposis with
ethmoidal and sphenoidal involvement. B: Axial view showing retention and polyps in
the frontal sinuses, with enlargement of both frontal sinuses. Here we can see localized
thinning and erosions of the bony anterior wall, which correspond to the site of protru-
sion.

A B

A B
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dysfunction and inflammation

were present for many years, prior

to frontal deformation (see patient

2). Chronic inflammatory changes

have been proposed as an associa-

ted mechanism.4 In our patients,

the stabilization of sinus enlarge-

ment and the bony recovery after

surgery with persistence of in -

flam matory mucosa inside the

affected sinuses provide evidence

that mucosa inflammation does

not play a pathological role. 

On the other hand, if we con -

sider sinus enlargement and nasal

polyposis as two related patholo-

gies, enlargement of the frontal

sinus could have been due to

a trapping mechanism, originating

with the polyps. As the sinuses of

our two patients were filled with

mucous, sinus enlargement may

be explained by air-trapping or

mucous-trapping phenomena (dif-

ferent from a mucocele). In this

theory, sinus enlargement could

result from the constant producti-

on of mucus in a closed space

and/or from long air trapping in

the affected sinus; air enters un -

der positive pressure after events

such as nose blowing and is subse-

quently prevented from escaping

by the valve.13 Thus, whatever the

mechanism, a chronic or repeated

increase of pressure in the sinus

would act as a basis for new oste-

oblastic activity, as suggested by

previous authors.14 Elimination of

the valve (with surgery here)

could be enough to stop the pro-

gression of the disease. 

Exacerbation of pressure symp-

toms, such as pain in the affected

sinuses upon airplane descent,

diving, or during nose blowing,

gives credence to this one-way

valve mechanism. The best evi-

dence for a one-way valve mecha-

nism is from antral pressure, stu-

died by Wolfensberger et al.11

He showed there was an absen-

ce of patent maxillary ostia, loss

of normal antral pressure variation

in the respiratory cycle, and inc-

reased maxillary sinus pressure

for several minutes after

Valsalva’s maneuver. As PSD and

pneumocele refer to aerated sinu-

ses, the normal drainage of these

sinuses argues against this theory.

Our two patients, on the contrary,

had a lack of drainage of their

frontal sinuses. They also had

lack of drainage of other sinuses,

without bony enlargement, which

we can’t explain apart from that

PSD occurs most commonly in

the frontal sinus4,9 for reasons

unknown. In accordance with the

neural influence, we can suppose

that peristructural nerves in the

mucosa of frontal sinuses are

more sensitive to the increase in

pressure, especially because bony

structures are thicker and higher

pressure can be created there.

Therefore, high pressure genera-

ted in frontal sinuses could be

harmful to these peristructural

nerves, and the partial loss of

 nerves would lead to bony enlar-

gement. 

Moreover, Urken et al.3 seemed

to think PSD and pneumocele

could be the same pathology, with

pneumocele being a progressive

form of PSD to the point where

erosion or thinning of the involved

bony sinus wall occurs. The histo-

ry of patient 2 gives some creden-

ce to this concept. Before the last

endonasal surgery (Draf III),

which improved aeration of the

two frontal sinuses, the frontal

anterior bony walls presented with

major loss of integrity. One year

after the Draf III surgery, the sinus

anterior walls went back to normal

thickness and aspect, with respect

to the enlarged size of the sinuses

(Figure 4).

To stop the evolution of sinus

expansion, according to the one-

way valve theory, it makes sense

to restore the aeration of the affec-

ted sinus. This involves endosco-

pic enlargement of the sinus osti-

um, using a surgical technique

such as the Draf technique for the

frontal sinuses, or creation of a

nasoantral window for maxillary

sinuses. In the majority of cases,

including ours, this treatment

arrests expansion of the sinus.4

Restoring normal nasal paten-

cy, with surgical and medical tre-

atments, is certainly also impor-

tant in this special context; then,

the patient doesn’t have to genera-

te these very high pressures to

clear his nasal cavity. When sinus

expansion has stopped, aesthetic

surgery may be necessary to cor-

rect the deformity. Different tech-

niques can be used with good

results, including the most invasi-

ve craniofacial approach and fron-

to-orbital reconstruction,9 removal

and reshaping of the anterior wall

of the frontal sinus with or without

obliteration of the affected sinus,3

or soft impaction of the weakened

anterior wall of the frontal sinus

after non transfixiant drilling.15

References

1. Benjamins CE. Pneumosinus frontalis

dilatans. Acta Otolaryngol. 1918;1:

412-422. 

2. Pospisil OA, Balmer MC. Pneumo -

sinus dilatans. Br J Oral Maxillofac

Surg. 1988;26(5):375-380. 

3. Urken ML, Som PM, Lawson W,

Edelstein D, Weber AL, Biller HF.

Abnormally large frontal sinus. II.

Nomenclature, pathology, and symp-

toms. Laryngoscope. 1987;97(5):606-

611.

4. Walker JL, Jones NS. Pneumosinus

dilatans of the frontal sinuses: two

cases and a discussion of its aetiology.

J Laryngol Otol. 2002;116(5):382-

385.

08-malinvaud-_Opmaak 1  20/12/11  09:56  Pagina 286



Pneumosinus and nasal polyposis 287

5. Bonfils P, Norès JM, Halimi P, Avan

P. Corticosteroid treatment in nasal

polyposis with a three-year follow-up

period. Laryngoscope. 2003;113(4):

683-687.

6. Gupta A, Durkin SR, Muecke JS,

Casson RJ, Wormald PJ, Selva D.

Ethmoidal pneumocele following

drainage of an ethmoidal mucocele.

Orbit. 2008;27(3):161-163.

7. Vauterin T, Mombaerts I, Jorissen M,

Sciot R, Legius E. Pneumosinus dila-

tans and orbital meningioma in neuro-

fibromatosis type 2. B-ENT. 2005;

1(2):89-92.

8. Shapiro R, Schorr S. A consideration

of the systemic factors that influence

frontal sinus pneumatization. Invest

Radiol. 1980;15(3):191-202.

9. Appelt EA, Wilhelmi BJ, Warder DE,

Blackwell SJ. A rare case of pneumo-

sinus dilatans of the frontal sinus and

review of the literature. Ann Plast

Surg. 1999;43(6):653-656.

10. Dogan B, Karabudak O, Basekim C,

Karabacak E. Are port-wine stain and

pneumosinus dilatans associated? A

controlled study. Eur J Dermatol.

2010;20(2):205-207.

11. Wolfensberger M, Herrmann P. The

pathogenesis of maxillary sinus pneu-

moceles. Arch Otolaryngol Head

Neck Surg. 1987;113(2):184-186.

12. Breidahl AF, Szwajkun P, Chen YR.

Pneumosinus dilatans of the maxillary

sinus: a report of two cases. Br J Plast

Surg. 1997;50(1):33-39.

13. Zizmor J, Bryce M, Schaffer SL,

Noyek AM. Pneumocele of the maxil-

lary sinus. A second case report. Arch

Otolaryngol. 1975;101(6):387-388.

14. Wiggli U, Oberson R. Pneumosinus

dilatans and hyperostosis: early signs

of meningiomas of the anterior chias-

matic angle. Neuroradiology. 1975;8:

217-221.

15. Lagier A, Paris J, Giovanni A, Zanaret

M. The frontal pneumosinus dilatans:

surgical management by modelling

osteoplasty [in French]. Rev Laryngol

Otol Rhinol (Bord). 2007;128(1-

2):77-79.

Doctor D. Malinvaud
Department of ENT and Head and Neck
surgery
Service d’ORL et de Chirurgie Cervico-
Faciale
HEGP
20 rue Leblanc
75908 Paris cedex 15, France
Tel.: + 33 1 56 09 34 78
Fax: + 33 1 56 09 34 36
E-mail: david.malinvaud@egp.aphp.fr

08-malinvaud-_Opmaak 1  20/12/11  09:56  Pagina 287




