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Abstract In the past 30 years, thanks in part to the
advance of both endoscopic technology and imaging possi-
bilities, the classiWcation, diagnosis, and management of
rhinosinusitis caused by fungi have been better deWned.
These are basically divided into invasive and non-invasive
forms based on the presence or absence of microscopic evi-
dence of fungal hyphae within the tissues. Among the non-
invasive fungal sinus diseases, fungus ball has been increas-
ingly reported and large published series have allowed bet-
ter characterization of the disease and the treatment
strategies. Fungus ball of the paranasal sinuses is deWned as
the non-invasive accumulation of dense fungal concrements
in sinusal cavities, most often the maxillary sinus. To
describe this entity, confusing or misleading terms such as
mycetoma, aspergilloma or aspergillosis would be best
avoided. Clinical presentation is non-speciWc and the diag-
nosis is usually suspected on imaging studies. Surgical
treatment, usually through an endonasal endoscopic
approach, is curative. In this paper, we review the clinical,
radiological, and pathological presentation of the fungus
ball of the paranasal sinuses as well as the surgical manage-
ment with emphasis on the transnasal endoscopic approach.
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Introduction

The incidence and prevalence of fungal rhinosinusitis,
broadly deWned as any kind of sinusonasal pathology
related to the presence of fungi, are increasing, as is the
diversity of pathogenic organisms [1].

It has been estimated that fungal rhinosinusitis is
encountered in about 10% of the patients requiring surgery
for the nose and the sinuses and that between 13.5 and
28.5% of all maxillary sinusitis is fungal or mixed fungal
and bacterial infections [2, 3]. Furthermore recent and
somewhat controversial reports suggest that fungi may play
a major role in chronic sinusitis, since they can be cultured
using sensitive methods in more than 95% of patients [4].
As a matter of fact the possibility of a fungal infection
should always be considered in the diVerential diagnosis of
diYcult to treat diseases of the paranasal sinuses.

In the last two decades, the diVerent clinical forms of
fungal rhinosinusitis have been better deWned and classiWed
(Table 1)[1, 5–7]. In brief, the most commonly accepted
classiWcation divides fungal rhinosinusitis into invasive and
non-invasive (also called extramucosal) forms, based on the
presence or absence of microscopic evidence of fungal
hyphae within the tissues (mucosa, blood vessels or bone),
respectively.

The non-invasive form is by far the most prevalent and
is classically further divided into allergic fungal sinusitis
and the so-called fungus ball. However, other forms of non-
invasive fungal diseases may also be included in this classi-
Wcation (Table 1). For example, simple contamination of
nasal or sinusal cavities by fungi, called either superWcial
sinonasal mycosis [1] or saprophytic fungal infestation [8]
has been described. This fungal colonization most often
occurs in patients who had previous sinus surgery and may
clinically be silent or presents with a foul smelling odour.

P. Grosjean
Service d’ORL et de Chirurgie Cervico-Faciale, 
CHUV-BH12, 1011 Lausanne, Switzerland
e-mail: pierre.grosjean@chuv.ch

R. Weber (&)
Division of Paranasal Sinus and Skull Base Surgery, 
Traumatology, Hals-Nasen-Ohren Klinik, 
Städtisches Klinikum Karlsruhe, Moltkestraße 90, 
76133 Karlsruhe, Germany
e-mail: Rainer.Weber@klinikum-karlsruhe.com
123



462 Eur Arch Otorhinolaryngol (2007) 264:461–470
Clinical examination shows crusts admixed with pus, the
culture of which may yield bacteria as well as fungi.

In addition, the somewhat controversial eosinophilic
fungal rhinosinusitis may also be included in the non-inva-
sive form of fungal rhinosinusitis [4]. It is likely secondary
to a non-allergic reaction to fungi and is characterized by
the presence of fungi and cluster of eosinophils in the
mucus. Finally, some authors also describe a form of non-
invasive fungal sinusitis, so-called chronic erosive (non-
invasive) sinusitis [9] or chronic non-invasive destructive
sinusitis [10, 11]. This entity resembles the fungus ball, but
is characterized by quite extensive disease and bone erosion
on CT scan imaging without evidence of tissue invasion by
fungi. Whether this represents a true separated entity from
multiple sinus involvement by fungus ball remains unclear
and it has therefore not been included in Table 1.

Correct diagnosis and classiWcation of fungal sinusitis is
paramount as management and prognosis among the vari-
ous forms is greatly diVerent. Unfortunately, retrospective
study of paranasal sinus specimens obtained by functional
endoscopic sinus surgery (FESS) have shown that fungal
sinusitis is both often misdiagnosed or wrongly classiWed
despite the presence of characteristic diagnostic features
[12].

Fungus ball of the paranasal sinus have already been
described in the end of the eighteenth century. Since then
many cases have been reported and recently published large
series have helped to better deWne the clinical spectrum,
diagnosis, and therapy of the sinus fungus ball [13–16].

In this paper we review the clinical presentation, diagno-
sis, and treatment of the fungus ball of the paranasal sinuses
based on a review of the recent literature.

DeWnition

In the literature, various terms such as mycetoma, aspergil-
loma, aspergillosis or chronic non-invasive fungal disease,
have been used interchangeably to describe sinus fungus
ball, that is the non-invasive accumulation of dense fungal

concrements in sinus cavities [1, 17]. Unfortunately, many
of these terms are inaccurate or misleading and lead to con-
fusion.

Mycetoma is a chronic local invasive infection of the
subcutaneous tissue that may extend to contiguous structure
such as fascia or bone [18]. It is most often seen in the feet
and hand. It can be caused by various fungi (eumycetoma)
or by actinomycetes (actinomycetoma). Thus the use of the
term mycetoma to describe grossly visible aggregate of
fungi in paranasal sinus seems incorrect and would be bet-
ter avoided.

Although in the past the term aspergillosis was used to
describe both colonization and any form of sinus disease
caused by Aspergillus [19], it is now used to mean either
tissue invasive disease or allergic disease caused by Asper-
gillus and actually excludes simple saprophytic growth.

In the mid 1960s, British pathologists introduced the
term aspergilloma to describe the clinically chronic and
indolent form of locally invasive sinusitis most often
observed in Sudan and caused mainly by Aspergillus Xavus
[20]. This entity is now referred to as granulomatous inva-
sive fungal sinusitis [5, 6]. Later, aspergilloma was used to
describe various entities of fungal sinusitis with Aspergillus
as a pathogen. These include fungus ball, allergic fungal
sinusitis, as well as, chronic (indolent) invasive fungal
sinusitis.

In addition, it should be stressed that even if most fungal
ball are made of Aspergillus, cultures are often negative
and other species have also been implicated. Thus to
describe a fungus ball both the terms aspergillosis and
aspergilloma are inaccurate and should best be avoided.

Fungus ball seems therefore the more appropriate term.
Recently diagnostic criteria have been proposed by de
Shazo [13] and are presented in Table 2.

Of note is that although it is usually admitted that
patients suVering from fungal ball of the paranasal sinus are
immunocompetent, the immune status has not been
included in the proposed diagnostic criteria. Fungus ball
may also coexist with other forms of fungal sinusitis, most
often the allergic fungal rhinosinusitis [13].

Table 1 ClassiWcation of fun-
gal rhinosinusitis (adapted from 
Ref. [1, 5–7])

Syndrome Immune status

Invasive fungal sinusitis

Granulomatous invasive fungal sinusitis Apparently immunocompetent

Chronic invasive fungal sinusitis Often diabetes mellitus

Acute fulminant fungal sinusitis Usually immunocompromised

Non-invasive fungal sinusitis

SuperWcial sinonasal colonization (saprophytic form) Immunocompetent

Fungus ball Immunocompetent

Allergic fungal sinusitis Immunocompetent

Eosinophilic fungal rhinosinusitis Immunocompetent
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Epidemiology

Pathological reviews have shown that about 12% of
patients undergoing sinus surgery and whose surgical spec-
imen was submitted for histological analyses had some
kind of fungal rhinosinusitis [12]. More precisely, fungus
ball was encountered in 3.7% of the patients operated for
chronic inXammatory conditions of the sinuses at the Mayo
Clinic [14]. When considering only chronic maxillary
sinusitis fungus ball is encountered in about 13–28.5% of
the cases [2, 3].

Fungus ball of the paranasal sinuses is mostly encoun-
tered in older individuals with an average age at presenta-
tion being 64 years (range 14–90) [16, 21]. Of note is that
no case has been reported in young children so far. In most
series, a female predominance is noted (two female for one
male). The association with pulmonary aspergillosis or pul-
monary fungus ball has been only rarely described [22].

The disease is not contagious as the source of infection
is endogenous and related to the growth of fungi from
spores that often contaminate the upper airway of normal
individuals.

Clinical presentation

Most patients present with non-speciWc complaints. In large
studies in France 13.2–20% of patient with fungus ball
were asymptomatic and the disease was incidentally dis-
covered for example on head imaging [15, 21]. The slow
and asymptomatic development of fungus ball and the non-
speciWc symptoms often lead to late diagnosis. As a matter
of fact, only 29% of patients with fungus ball are diagnosed
within 1 year from the onset of symptoms [21]. When
symptoms do occur, there are usually long lasting and not
diVerent from those of chronic sinusitis. The most frequent
symptom is repeated (greater than two episodes per year)
superimposed bacterial infection (observed in 58.5% of
patients), followed by headache or facial pain (56.5%),
postnasal drip (44.3%) with or without nocturnal cough,
and cacosmia (20.9%). For sphenoid fungus ball, headache
(typically retro-orbital, at the vertex, but also frontal or
temporoparietal), post-nasal discharge, and cough are the
most frequent symptoms [23, 24].

Much rarer clinical presentations include epistaxis, prop-
tosis, neurological complaints such as seizure [13] or visual
changes (blurred vision, transient loss of vision) [25–27], or
even dysphonia [23]. The visual disturbance is attributed to
optic neuritis. Most often symptoms are recurrent and uni-
lateral.

Fungus ball is usually found in just one sinus, most
frequently the maxillary sinus, followed by the sphenoid
sinus. It should be noted that isolated opaciWcation of
sphenoid sinus is seen in less than 5% of patients with
paranasal sinus disease. Of these only about 5% have fun-
gal ball [27].

Between the superimposed bacterial infection episodes,
the clinical examination is often normal. In the Klossek
study, 52% of patient had a normal preoperative endoscopy
[15]. Purulent nasal discharge is seen in about 38% of the
cases. As in any case of chronic sinusitis a careful examina-
tion with rigid telescope or Xexible endoscope is mandatory
as the mucosal changes may be subtle and localized. For
example, about 10% of patients have localized nasal polyps
in the vicinity of the natural ostium of the involved sinus,
which likely only represent an advance stage of nasal
inXammation. In case of fungus ball of the sphenoid sinus
however, the spheno-ethmoidal recess almost always shows
some inXammatory mucosal changes with or without puru-
lent discharge or polyps [23]. Very rarely fungus ball may
be associated with large polyps protruding in the nasal cav-
ity or vestibule [28].

When, based on the history or endoscopic Wndings men-
tioned above, a patient is suspected of having a fungal ball
a computed tomography (CT) of the sinuses should be per-
formed.

Blood examination is usually not contributory. In partic-
ular no peripheral eosinophilia can be detected.

Predisposing factors: immunology

Patients suVering from fungus ball are usually immuno-
competent and only non-signiWcant abnormalities in the
serum immunoglobulin classes or IgG subclass level have
been demonstrated [29]. Atopy is not more frequent than in
the general population. Skin test for fungi and fungal
speciWc IgE are usually negative [15]. Thus, these examina-

Table 2 Clinicopathological 
criteria for the diagnosis of para-
nasal fungus ball (adapted from 
Ref. [13])

Radiological evidence of sinus opaciWcation with or without calciWcations

Mucopurulent cheesy or clay like materials within the sinus

A dense conglomeration of hyphae (=fungus ball) separate from the sinus mucosa

Non-speciWc chronic inXammation (lymphocytes, plasma cells, eosinophils) of the mucosa. 
No predominance of eosinophils, no granuloma, no allergic mucin

No histological evidence of fungal invasion of mucosa, blood vessels or bone visualized microscopically
after special stains for fungus
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tions should only be performed when there is suspicion of
an associated allergic fungal rhinosinusitis.

Although fungus balls have been occasionally reported
in combination with other pathology (diabetes mellitus,
Wegener granulomatosis, asthma, lymphoproliferative dis-
eases), these associations must be considered incidental.
Only about 4% of the patients have diabetes mellitus [21].

No professional or private environmental predisposing
factors have been demonstrated [21].

Predisposing local factors have been advocated but not
clearly demonstrated [30]. For example local anatomical
anomalies such as septal deviation or paradoxal curvature
of the middle turbinate are encountered in only about 15%
of patients with fungus ball [22], which is not higher than
the frequency in the normal population. Furthermore, there
seems to exist no association between previous or existing
sinus pathology and the occurrence of a fungus ball [17].

A history of previous dental care and especially of dental
Wlling is encountered in as many as 84% of patients diag-
nosed with fungus ball and seems to be the only predispos-
ing factor [21]. However, much lower Wgures (56%) have
also been reported [15]. As a matter of fact, the occurrence
of fungus ball in patients without evidence of previous den-
tal care and the observation of isolated fungus ball of the
frontal or sphenoid sinus indicated that other yet unknown
factors may play a role.

Imaging

On standard radiography, unilateral partial or complete
opaciWcation of a single sinus, usually the maxillary sinus,
is the most frequent Wnding. Focal areas of increased den-
sity and well-deWned hyperdense foci are observed in about
50 and 25% of patient, respectively [30]. These latter Wnd-
ings strongly suggest the diagnosis of fungal ball sinusitis.
However, non-mycotic sinusitis secondary to a foreign
body of dental origin may present with similar radiological
Wndings.

CT however is the imaging procedure of choice giving
both information on the usual surgical landmarks for an
endonasal therapeutical approach and on extent and nature
of the disease. A single sinus is involved in 94% of the
cases and unilateral involvement is seen in almost 99% [15,
21]. Exceptionally, distinct and bilateral involvement of

multiple sinus may occur [31]. The maxillary sinus is by far
the most frequently involved sinus (94%) followed by the
sphenoid sinus (4–8%). The ethmoid sinus is involved in
about 3% most often as a continuous involvement from the
maxillary sinus. The frontal sinus alone is implicated in
only about 2% [15]. Very rarely a fungus ball in a concha
bullosa has been described [16].

The most common CT Wnding, observed in about 90% of
the cases is partial or often complete heterogeneous opaciW-
cation of the involved sinus (Table 3; Fig. 1). In 10% of the
cases, a homogenous opaciWcation is observed. Microcalci-
Wcations or “metallic dense” spots, sometimes in combina-
tion are each seen in about one third of the cases in both
homogenous and heterogeneous opaciWcations. The sensi-
tivity and speciWcity of CT imaging, using sinus opaciWca-
tion and the presence of areas with hyperattenuation as
diagnostic criteria for fungus ball, were calculated to be 62
and 99%, respectively [32]. In addition, the central opaciW-
cation of the sinus is usually separated from the bony sinus
wall by a thin zone of lower attenuation material [33]. Scle-
rosis of the bony wall of the involved sinus is common and
observed in about 60% of the cases [14]. As a matter of fact
the association of radiodense bodies or calciWcations with
sclerosis of the bony wall of an opaciWed sinus, although
not pathognomonic, strongly suggests the diagnosis of a
fungus ball.

Fig. 1 Coronal computed tomography image of a fungus ball of the
right maxillary sinus and middle meatus showing partial inhomoge-
nous opaciWcation of the lumen with areas of hyperattenuation (“metal
dense” spots)

Table 3 Imaging characteris-
tics of sinus fungus ball CT scan Partial or complete central opacity (usually heterogenous)

Zone of reduced opacity between central zone and sinus bony wall
Sclerosis of the sinus wall
Area of hyperdense opacity (t50% of the cases)

MRI T1-weighted Intermediate to hypointense signal

MRI T2-weighted Very low signal to signal void
123



Eur Arch Otorhinolaryngol (2007) 264:461–470 465
In 4–17% of the cases bone erosion giving a pseudotu-
moral image has been reported. It has been suggested that
this could represent an intermediate form between the non-
invasive and invasive forms [34]. However in the Klossek
study, no associate invasion of the mucosa was observed in
such cases [15]. In addition, bone regeneration was
observed both in postoperative imaging study or endoscop-
ically even in case of exposed dura at the skull base. The
bone erosion is thus reversible and seems to be mainly
related to the inXammatory process induced by the growing
of fungus and possible superimposed bacterial infection.

The nature of the metal dense spots is still debated.
Stammberger proposed a fungal concrement phenomenon
[30] whereas others stated they are due to overWlling of
dental paste during endodontic treatment [35, 36]. It has
been shown that certain calcium salts (mainly calcium
phosphate and to a lesser degree calcium sulphate) were
present within the fungal ball, especially in the necrotic
centre of the fungus mass corresponding to the areas of
high radiation density [30]. Other elements such as silver,
lead, copper, cadmium, or mercury were also identiWed but
were thought to play no signiWcant role on the radiation
density of the concrement.

In most cases of suspicious fungal ball magnetic reso-
nance imaging (MRI) is not required. However, MRI may
be indicated in case of sphenoidal as well as pansinus
involvement when bone lysis is prominent and possible
connection with orbital contents or brain structures must be
excluded [16]. In case of homogenous involvement without
microcalciWcations or metallic dense spots, MRI may also
be useful to diVerentiate a fungus ball from a mucocele
(Table 3). In particular, T2-weighted images help to diVer-
entiate between fungus concretions—which display an iso-
or hyposignal to brain or even signal void that may be mis-
taken for air—and mucosal swelling or mucous retention
(hyperintense signal). The demonstrated higher concentra-
tion of iron and manganese in fungal aggregate compared
to non-fungal sinusitis could explain this image [37]. In T1-
weighted image fungus ball appears as a non-enhancing,
often heterogeneous nodular hyposignal. However intrasin-
usal desiccated secretions, air or even acute clotted haemor-
rhage may also show hyposignal to signal void in T1 and
T2 weighted [33]. After contrast, the inXamed peripheral
mucosa may enhance.

Microbiology: fungal culture

Cultures are frequently negative and in only 23–50% of
cultures can a fungus be grown [17]. This is probably
related to the poor viability of fungal elements in the fungus
ball. The most often cultured species is Aspergillus. In the
Klossek study, 93% of the positive culture showed Asper-

gillus fumigatus [15]. Aspergillus fumigatus is an ubiqui-
tous organism whose natural ecological niche is the soil
where it grows on decomposing vegetable material. It spor-
ulates abundantly producing conidia which are released in
the atmosphere and which are small enough to reach not
only the nose and sinuses but also the lung alveoli. Every
human will inhale hundreds of A. fumigatus conidia per
day, which in immunocompetent patients are normally eas-
ily eliminated by innate immunological defence [38]. Other
fungus occasionally cultured are Scedosporium apiosper-
mum (Pseudoallescheria boydii) [15], Aspergillus Xavus,
niger or terrus [14, 39], and Pleurophomopsis lignicola [40].

Case reports have been published in which the fungus
ball was thought to be secondary to mucor [32, 41, 42].
However the identiWcation of mucor was based only on the
morphology on histological slides and this fungus has never
been cultured in case of fungus ball. Thus, in such cases, the
true identity of the involved fungus could be questioned.

Despite the relative poor yield of fungal culture, this
should always be performed, as it is complementary to spe-
cial staining techniques in correctly identifying the causa-
tive fungal species. In case of tissue invasion, which can
only be ascertained or excluded by deWnitive microscopic
examination, the accurate identiWcation of the responsible
fungus by culture may be crucial to direct the necessary
antimycotic treatment.

Histopathology

Macroscopically, the fungus ball is characterized by gru-
mous friable cheesy material, which can be green, yellow,
brown or black and that is easily peeled oV the mucosa
(Fig. 2). The sensitivity and speciWcity of these positive
gross Wndings observed during the operation were calcu-
lated to be 100 and 99%, respectively [32]. The fungus ball
may partially or totally Wll the cavity. Occasionally, fungus
ball as small as 5 mm in diameter may cause symptoms
[43]. Grossly, the mucosa of the involved sinus appears
normal or may show oedema or hypertrophy.

Rarely, the fungus ball may accumulate so much cal-
cium salts that it becomes bony hard and form an antrolith,
so-called in analogy to the calciWed foreign body called rhi-
nolith in the nasal cavity [28]. Histological examination of
antrolith may conWrm the presence of a fungal nidus.

Microscopically, fungus ball is represented by an aggre-
gate of tightly packed hyphae and often exhibits alternating
zone of dense and less dense growth of the fungus giving a
concentric onion skin-like appearance in low power micro-
scopic examination. The fungus ball may be surrounded by
a dense inXammatory exudate with abundant neutrophils.
As fungus ball is an extramucosal fungal infection, neither
fungal invasion nor granulomatous tissue reaction can be
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detected in the sinus mucosa samples. The mucosa however
shows a non-speciWc inXammation in which plasma cells
and lymphocytes predominate. Neutrophils and eosinophils
are however also observed. Although fungus such as Asper-
gillus sp. can often be seen on haematoxylin–eosin (H&E)
slides, periodic-acid-schiV (PAS) or silver impregnation
stains are very helpful and should be done not only on the
mucosal samples but also on the cheesy material removed.
Gomory or Grocott methenamine silver stain in particular,
employing deposition of silver onto the fungus wall, are the
most sensitive to identify fungi [12]. As a matter of fact no
histological specimen should be considered to be negative
for fungus unless a silver stain has been performed. PAS
works well in many cases but is less sensitive than silver
stains because senescent fungal cells may not be stained. Its
advantage is that it usually permits a better study of the fun-
gus morphology, especially septations, than silver stain.
These morphological characteristics of the fungus are how-
ever rarely suYcient to deWnitely identify the species. For
example, Aspergillus species is recognized by its septae and
45° angle dichotomous branching hyphae. But other fungal
hyphae such as Scedosporium, Fusarium and many other
rarer fungi may mimic this [19]. Thus only culture can
identify the fungal species with certainty. One exception is
the rare visualisation of the sporulating head (conidio-
phores) and spores, which may help to further characterize
the fungus [44].

Of note is that, unless in rare cases where association
with allergic fungal rhinosinusitis was observed, allergic
mucin is absent in fungus ball [12].

Pathogenesis

The pathogenesis of fungus ball remains unclear. Two ways
of entry of the fungus have been suggested:

1. the so-called “aerogenic” pathway in which high quan-
tities of the airborne fungus spores enter the sinus
through the natural ostium, and

2. the odontogenic “iatrogenic” pathway in which coloni-
zation of the maxillary sinus by fungi occurs through a
iatrogenic oro-antral communication secondary to den-
tal extraction, periodontal destruction or most often
endodontic treatment with over Wlling of the dental
canal [39].

A combination of the two mechanisms is also possible.
Then, heavy metals and especially zinc oxide contained in
root canal sealants may aVect the mucociliary clearance
ability of the sinus mucosa, thus preventing the fungal
spores to be eliminated. Furthermore, zinc is indispensable
to activate the metabolism of the Aspergillus sp, thus favor-
ing germination of fungal spores and fungal growth [35,
39].

This theory is supported by experimental work evaluat-
ing the known inhibiting properties of commonly used end-
odontic sealers on the growth of fungi, and especially
Aspergillus, over time [39]. Theses sealers have two com-
ponents: a powder containing zinc oxide and a liquid con-
taining eugenol. Whereas the powder used alone permitted
the growth of fungi, both the eugenol solution and the
reconstituted sealers (mixture of powder and eugenol)
inhibit Aspergillus growth. However, over time, the inhibit-
ing eVect of eugenol gradually fades away. It is therefore
hypothesized that the endodontics sealers may promote
fungal growth by the progressive loss of the inhibiting
eVect of eugenol on fungal growth over time and that the
progressive diVusion of zinc in the sinus may in fact pro-
mote fungal development. This could explain the develop-
ment of fungal ball many years after endodontic treatment.

However this theory cannot account for the fungus ball
arising in remote sinus cavities such as the sphenoid or
frontal sinus.

Furthermore, a history of dental care can only be elicited
in about 84% of the cases [21]. Thus other factors must
play a role. Closure of the ostium, leading to anaerobic and
low pH environment, has been thought to favour fungus
growth and to transform a saprophytic fungal colonisation
into a pathological form [45, 46]. According to Stammber-

Fig. 2 Fungus ball of the right 
maxillary sinus: typical friable 
cheesy yellow to brown mate-
rial. a Endoscopic peroperative 
view: the mucosa appears oede-
matous and inXamed; b removed 
fungal concrements
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ger, most fungal maxillary sinusitis are secondary to a
chronic recurring sinusitis, the focus of which usually lies
in the anterior ethmoid [45]. However this hypothesis has
recently been challenged in a study showing that ostiomea-
tal complex obstruction is most often not observed in case
of fungus ball of the maxillary sinus [47].

Diagnosis

The diagnosis of fungus ball should be considered in any
case of recurrent or refractory sinusitis, especially when
unilateral. The presence on the CT imaging of an opaciWed
sinus with central metal dense spots, in the absence of pre-
vious history of foreign body, strongly suggests the diagno-
sis. DeWnitive diagnosis, however, is based chieXy on the
characteristic macroscopic image and histopathology, as
cultures are frequently negative [17]. In the Klossek study
[15], when a fungus ball was macroscopically visualized,
hyphae were detected microscopically in 94% of the cases
using Grocott’s methenamine silver stain and in 72% of the
direct smears were positive. Culture for fungus was positive
in only 30% of the cases.

Positive culture results alone can be diYcult to interpret
if microscopy is negative. This is especially true if the cul-
tured fungus is an unusual cause of rhinosinusitis. In these
cases, a contamination must be considered. Also, histopa-
thology is key to determine if the fungus has invaded host
tissues, since invasive forms require systemic antifungal
therapy.

According to Klossek, the intraoperative visualization of
a fungal ball, the identiWcation of fungus at histology, on
smears or culture, the absence of mucosal invasion and
negative serological results are necessary to make the diag-
nosis of fungus ball [15]. For others the exclusion of aller-
gic mucin seems suYcient to exclude allergic fungal
rhinosinusitis [13].

Treatment

There have been no published controlled series on the treat-
ment of fungus ball. When a patient presents with symp-
toms and an opaciWed sinus on imaging studies, the
indication for surgical treatment is clear.

Somehow more controversial may be the management of
an asymptomatic patient with a homogenous opaciWed
sinus and without any signs of bony erosion. However most
authors recommend surgical treatment, if the sinus does not
clear after medical therapy, as this usually indicates an
uncommon histological Wnding such as tumour [48] or fun-
gal sinusitis [49, 50]. Furthermore fungal sinusal disease
may occasionally coexist with a malignant tumour [51].

Historically the Caldwell-Luc procedure has been the
traditional approach [52]. Later a combination of canine
fossa approach and FESS has been proposed [45]. Perform-
ing endonasal endoscopic sinus surgery with modern tech-
nology these external approaches seem to be obsolete in
treating fungus balls. FESS combines both high success
rate and low morbidity [15, 26].

The extent of the surgical procedure is tailored to the
preoperative imaging study and the intraoperative Wndings.
Basically, it requires a wide opening of the involved sinus
or sinuses and complete removal of all the fungus concre-
ments with the use of curved suctions and forceps. When-
ever dental Wlling is present within the sinus, it should be
thoroughly evacuated to avoid it serving as a nidus for
regrowth of the fungus ball. Although the mucosa should
be preserved, it must be biopsied to exclude any micro-
scopic invasion by fungus. Some authors advocated rinsing
the cavity with normal saline or with an iodine solution
[53].

For fungus ball of the maxillary sinus, an uncinectomy
and a wide middle meatus antrostomy is performed. There
are some diVerent opinions on which size the antrostomy
should be. Some early reports have advocated a very large
opening including removal of part or totality of the inferior
turbinate [54]. With regard to the suspected pathogenesis,
this seems not to be necessary in most cases as the goal of
the opening is to allow suYcient access to the maxillary
sinus cavity to remove all the fungus concrements, which is
the key to successful treatment. In the Klossek study, the
middle meatus antrostomy had to be associated with an
inferior antrostomy in about 65% of the cases in order to
facilitate access and removal of the fungal ball [15]. This
seems to be especially necessary in case of a large and well-
pneumatized maxillary sinus completely Wlled with fungal
concretions. To verify complete removal of the fungal ball,
the use of 30°, 45°, 70° or even 120° telescope may be
required.

Sphenoid and ethmoid localizations can be successfully
managed by endonasal sphenoidotomy and partial or com-
plete ethmoidectomy, respectively [23].

The rare cases of frontal sinus fungus ball may be more
diYcult to manage. In the Dufour study, [16] although an
endonasal access to the frontal sinus was possible in all four
patients, insuYcient visualization of the frontal cavity pre-
vented complete removal of the fungus ball in two of them,
despite the use of irrigation, which seems to have been
done from a minimal external osteoplastic approach. Resid-
ual disease was later successfully treated through a com-
bined endonasal and external osteoplastic approach.
Theoretically, an enlarged frontal drainage (Draf Type III
procedure) [55, 56] could help to overcome these shortcom-
ings. However, treatment of frontal fungus ball using this
technique has not yet been reported.
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In the rare pan-sinus involvement, a combination of the
above-mentioned procedures according to the extent of
disease is used.

True sinus fungus ball requires no adjuvant local or sys-
temic antimycotic treatment even if bone destruction is
observed [15]. Broad spectrum systemic antibiotics are
only given in cases of superimposed intra- or postoperative
bacterial infection. Other postoperative care is similar to
that used after FESS for chronic sinusitis and involves the
short-term use of topical steroids and nasal irrigation with
saline solution for a few weeks [16].

For the rare cases of sinus fungus ball occurring in
immunocompromised patients some authors recommend
adjunctive systemic antifungal treatment such as itraconaz-
ole, especially if bony erosion of the involved sinus is pres-
ent [17]. The rationale for this is that post-operative
progression to invasive fungal sinusitis was observed in an
immunocompromised patient operated for a sphenoid fun-
gus ball. Other authors prefer close clinical observation of
the patient in such situations [57].

Prognosis

Surgical treatment most often results in deWnitive cure.
Only very rare recurrences have been described after Cald-
well procedure. Using a limited endoscopic canine fossa
approach only, no recurrence was observed in 12 patients
although the follow-up was short [53]. Also, only a minor-
ity of patients treated by FESS alone (4–7%) showed a
recurrence or persistent disease after the Wrst procedure [14,
16]. Persistent disease is most likely to occur in cases of
major inXammatory reaction surrounding the fungus ball
thus preventing adequate removal of fungal concrements.
Recurrent or persistent disease is most often detected dur-
ing investigations for persistent or recurrent symptoms such
as postnasal discharge [15] and is most often diagnosed in
the Wrst 2 or 4 years after surgery. In 50% of these cases a
closure of the sinusotomy is observed. Resolution can usu-
ally be achieved with a minimally invasive surgical proce-
dure (reopening of the sinusotomy, suctionning and
washing of the fungal concrements) [15]. Other authors
propose a Caldwell Luc approach for recurrence of a maxil-
lary fungus ball [14].

Follow up should be both clinically and endoscopically
as most patients with persistent or recurrent disease have
symptoms or abnormal Wndings on nasal endoscopy. The
patency of the middle antrostomy as well as the maxillary
sinus cavity and mucosal lining can be visualized using
rigid angulated telescopes or the Xexible Wber optic endo-
scope. In more than 86% of the patients treated the mucosa
of the involved sinus returned to normal and in a minority
endoscopic signs of inXammation or edema remained.

Imaging studies should not routinely be performed during
follow up as it provide less information than nasal endos-
copy.

Complications

Untreated fungus ball of the paranasal sinuses may occa-
sionally lead to complications. The most frequent is recur-
rent bacterial sinusitis, which may be explained by the
fungal concrement acting as a foreign body. Mucoceles and
pyoceles have also been reported [58]. Neurological com-
plications have also been rarely described and include optic
neuritis [25, 26], ophthalmoplegia and seizures [13]. If
immunodeWciency develops however this non-invasive
fungal colonization may become an invasive fungal infec-
tion [59]. The possibility for a fungus ball to progress to
invasive fungal disease in immunocompetent patients has
also been suggested but is not well documented [60, 61].

In most studies, complications of the surgical treatment
are the same as those described in FESS for other diseases.
However, one study surprisingly reports three patients with
sphenoid fungus ball who died of intracerebral bleeding or
infarct within one month after surgery [14]. In case of max-
illary fungus ball, minor transitory tooth ache and post-
nasal drip may be observed but complete recovery is the
rule although it may take as long as 1 year.

Conclusion

Fungus ball should be suspected in any case of diYcult to
treat or recurrent unilateral sinusitis. In such situations, CT
scan is the imaging procedure of choice. Typical although
not pathognomonical Wndings include heterogeneous opaci-
Wcation of one sinus, usually the maxillary sinus associated
with hyperdense foci and less frequently sclerosis of the
sinus bony frame. FESS is nowadays the treatment of
choice allowing excellent results with limited morbidity.
Surgery is most often curative and no local or systemic
antifungal therapy is required. Close follow-up is manda-
tory in immunodepressed patients.
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