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Abstract
Objective: To investigate differences in orbital involvement in patients with invasive versus non-invasive fungal
sinusitis.

Method: One hundred consecutive cases of fungal sinusitis were assessed clinically and by computed
tomography scan to evaluate orbital involvement.

Results: Clinical orbital involvement was more common in invasive (73.5 per cent) than non-invasive (12.1 per
cent) fungal sinusitis (p= 0.000). Computed tomography scanning showed similar orbital involvement in both
groups, except for erosion of the floor of the orbit, which was more common in patients with invasive fungal
sinusitis (p= 0.01). Extra-ocular muscle enlargement (44.4 vs 4 per cent, p= 0.01) and optic atrophy (44.4 vs 0
per cent, p= 0.003) were more common in chronic than acute invasive fungal sinusitis. Four patients (16 per
cent) with acute invasive fungal sinusitis had no evidence of orbital involvement on scanning, despite clinical
evidence of optic atrophy.

Conclusion: Orbital involvement is more common in invasive than non-invasive fungal sinusitis. The difference
is more evident clinically than on computed tomography scanning. Patients with acute invasive fungal sinusitis may
have limited evidence of orbital involvement on scanning, despite extensive clinical disease.
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Introduction
Orbital involvement is a feature of both invasive and
non-invasive fungal sinusitis. Invasive fungal sinusitis,
which occurs in both acute (i.e. fulminant) and chronic
forms, is commonly caused by Aspergillus or Mucor
species. Chronic invasive fungal sinusitis includes
chronic invasive (non-granulomatous) and chronic
granulomatous fungal sinusitis. The non-invasive
form includes allergic fungal sinusitis and fungus
ball. Histopathology and fungal culture results usually
enable a conclusive diagnosis of the type of fungal
sinusitis (Table I).
Orbital involvement in both invasive and non-

invasive fungal sinusitis can range from mere asympto-
matic erosion of the ipsilateral lamina papyraceae to
complete and permanent visual loss.1–20 Among
patients with non-invasive fungal sinusitis, orbital
involvement is far more common in those with allergic
fungal sinusitis compared with fungus ball.
In patients with allergic fungal sinusitis, the preva-

lence of orbital involvement ranges from 14.7 per
cent8 to 60 per cent.5 Proptosis, periorbital swelling,
hypertelorism, epiphora and, rarely, visual loss may
be encountered in patients with allergic fungal

sinusitis. In patients with a fungus ball, orbital involve-
ment is rare, and not often discussed in the
literature.9,10

Studies of invasive fungal sinusitis cases have
shown a high prevalence of clinical evidence of
orbital involvement, up to 100 per cent in some
series.11,15,16,18 These are invariably cases of acute
invasive fungal sinusitis with zygomycosis. The clini-
cal features of orbital involvement in these patients
include periorbital swelling, proptosis and limitation
of extra-ocular muscle movement. Similar findings
may occur in acute invasive fungal sinusitis due to
Aspergillosis and in chronic invasive fungal
sinusitis.19,21

Orbital involvement is frequently encountered in
different types of fungal sinusitis, but has not been
extensively studied. Most previously published case
reports or series have described orbital involvement
related to only one particular type of fungal
sinusitis.1–3,7,8,10,11,13–16,18,19

To the best of our knowledge, this is the first report
offering a comparative analysis of orbital involvement
in a series of patients with invasive and non-invasive
fungal sinusitis, and documenting the relative
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prevalence and extent of orbital involvement in these
two groups.

Patients and methods

Patients

A total of 100 consecutive patients with biopsy-proven
and culture-positive fungal sinusitis seen between 2005
and 2009, for whom complete data were available, were
included in the study. Standard histological criteria
were applied to establish a conclusive diagnosis
(Table I). All patients were evaluated by, and treated
either primarily or secondarily in, our ENT department.
Institutional review board approval was obtained

prior to commencing the study.

Clinical and pathological evaluation

All patients had a detailed ENT examination, including
rigid nasal endoscopy. Clinical evidence of orbital
involvement was assessed by testing for visual acuity
and fields, fundus examination, proptosis measure-
ment, and testing of extra-ocular muscle movements.
In acutely sick and non-ambulant patients, testing for
ocular involvement was performed at the bedside as
follows. Visual acuity was tested by finger counting
at 1 m, perception of light was checked using a torch-
light, the range and extent of extra-ocular muscle
movements were checked with adequate lighting and
by an experienced examiner, and the presence of prop-
tosis and periorbital swelling was noted.
The presence of comorbidities, such as diabetes mel-

litus, immunosuppression and bronchial asthma, was
noted. Intra-operatively or pre-operatively obtained
specimens of diseased nasal mucosa, polyps and
debris were sent for histopathological examination

and fungal smear and culture. For patients with sus-
pected allergic fungal sinusitis, polyps and allergic
mucin were sent as two separate specimens, as detailed
previously.22 Specimens were stained with haematoxy-
lin and eosin as well as Grocott’s methenamine silver
fungal stain to delineate fungal hyphae.

Radiological evaluation

In patients with suspected allergic fungal sinusitis or
fungus ball, a computed tomography (CT) scan of the
paranasal sinuses (osteomeatal complex view) with
coronal cuts was performed (Figures 1–3). In patients
with suspected invasive fungal sinusitis, a contrast-
enhanced CT scan of the paranasal sinuses with axial
and coronal cuts was performed. All CT images of
the paranasal sinuses of each patient were reviewed
and the presence or absence of specific features noted.

FIG. 1

Coronal computed tomography scan of patient with acute fungal
sinusitis (AFS), showing erosion of the roof of the orbit (short,
thin arrow) and lamina papyracea (long, thin arrow); note hyper-
dense areas (thick arrow) amid soft tissue thickening of nasal

cavity and sinuses bilaterally, typical of AFS.

TABLE I

CHARACTERISTIC HISTOLOGICAL FEATURES OF
FUNGAL SINUSITIS TYPES

Allergic fungal sinusitis
Allergic mucin consisting of necrotic eosinophils, layered mucus,

sparse fungal hyphae in mucus & Charcot–Leyden crystals
Inflammatory nasal polyps consisting of oedematous mucosa with

chronic inflammatory cells & no evidence of tissue invasion by
fungus

Fungus ball
Matted, dense mass of filamentous fungal hyphae that are separate

from & adjacent to respiratory mucosa
Minimal chronic inflammatory response in adjacent mucosa
No tissue invasion
Acute, fulminant invasive fungal sinusitis
Acute mucosal neutrophilic inflammatory response
Areas of tissue necrosis
Invasion of mucosa, submucosa, blood vessels & bone
Vasculitis, thrombosis, tissue infarction & haemorrhage
Chronic invasive fungal sinusitis
Necrosis, vasculitis, fibrosis
Chronic inflammatory infiltration
Invasion of mucosa, submucosa, blood vessels & bone
Chronic granulomatous fungal sinusitis
Non-caseating granuloma
Fibrinoid necrosis & vasculitis
Chronic inflammatory infiltrate
Invasion of mucosa, submucosa, blood vessels & bone

FIG. 2

Coronal computed tomography scan of patient with acute invasive
fungal sinusitis, showing soft tissue thickening of the right
ethmoid sinus with erosion of the floor of the orbit (arrow); note
infiltration of adjacent right inferior rectus and septal perforation.
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In some cases of invasive fungal sinusitis, magnetic
resonance imaging (MRI) was performed to detect any
involvement of the dura, cavernous sinus and other vas-
cular structures. Patients with invasive and non-inva-
sive fungal sinusitis were compared and orbital
involvement noted both clinically and radiologically.
Similar analysis was also carried out for patients with
acute invasive fungal sinusitis and chronic invasive
fungal sinusitis.

Statistical analysis

Frequencies and percentages of categorical variables
were noted. Association between categorical variables
was assessed using the chi-square and Fisher’s exact
tests. A p value of less than 0.05 was considered statisti-
cally significant. All statistical analyses were per-
formed using the Statistical Package for the Social
Sciences version 16.0 software program.

Results

Patient demographics

Of a total of 100 patients, 34 had invasive fungal sinu-
sitis and 66 had non-invasive fungal sinusitis (Table II).
Allergic fungal sinusitis was the most common diagno-
sis (54 per cent). The majority of patients were aged
over 25 years in both the invasive (88.2 per cent) and
non-invasive (87.8 per cent) fungal sinusitis groups.
There were more female (69.7 per cent) than male
(30.3 per cent) patients in the non-invasive compared
with the invasive fungal sinusitis group, which had
73.5 per cent males and 26.5 per cent females. This
difference was statistically significant (p< 0.001).

Comorbidities

Patients with invasive fungal sinusitis were found to
have comorbidities such as diabetes mellitus (70.5

per cent) and immunosuppression (14.7 per cent). In
contrast, of those with non-invasive fungal sinusitis,
only 11 (16.7 per cent) had diabetes mellitus and two
(3 per cent) were immunosuppressed.

Clinical orbital involvement

Orbital involvement was more common among patients
with invasive fungal sinusitis (73.5 per cent) compared
with those with non-invasive fungal sinusitis (12.1 per
cent), and this difference was statistically significant
(p= 0.000) (Table III). More patients with chronic
than with acute invasive fungal sinusitis had orbital
involvement clinically, although visual loss was seen
in only 25 per cent of those with chronic invasive
fungal sinusitis compared with 48 per cent of those
with acute invasive fungal sinusitis.
In patients with allergic fungal sinusitis, in whom the

prevalence of orbital involvement was 14.8 per cent,
periorbital swelling and proptosis were the commonest
manifestations. Visual loss was seen in only three
patients. The clinical presentation and ocular function
in each of these three patients following treatment
was unique. Two patients presented with visual loss
of 7 and 8 days’ duration recovered their vision over
a period of 2 weeks and 3 months respectively follow-
ing surgery and steroid therapy. The third patient, who
presented one month after rapidly progressive visual
loss, did not recover following similar therapy.

TABLE III

ORBITAL INVOLVEMENT IN INVASIVE VS NON-
INVASIVE FUNGAL SINUSITIS: CLINICAL EVIDENCE∗

Clinical sign Patients (n (%)) p

Inv FS† Non-inv FS‡

Periorbital swelling 25 (73.5) 8 (12.1) 0.000
Decreased vision 20 (58.8) 3 (4.5) 0.000
Diplopia 15 (44.1) 0 (0) 0.000
Periorbital pain 21 (61.8) 5 (7.6) 0.000
Proptosis 21 (61.8) 6 (9.1) 0.000
Impaired vision 18 (52.9) 4 (6.1) 0.000
EOM movement restriction 20 (58.8) 3 (4.5) 0.000
OA or papilloedema 16 (47.1) 2 (3) 0.000

∗n= 100; †n= 34; ‡n= 66. Inv= invasive; FS= fungal sinu-
sitis; Non-inv= non-invasive; EOM= extra-ocular muscle;
OA= optic atrophy

FIG. 3

Coronal computed tomography scan of patient with chronic granu-
lomatous fungal sinusitis, showing large, homogeneous, infiltrative
mass involving the left nasal cavity, middle turbinate and ethmoids
and eroding the lamina papyracea (long, thin arrow), roof of the
nose (short, thin arrow), septum and floor of the orbit, with invasion
of extra-ocular muscles and compression of the optic nerve (short,

thick arrow).

TABLE II

DISTRIBUTION OF INVASIVE AND NON-INVASIVE
FUNGAL SINUSITIS∗

Fungal sinusitis type Pts (%)

Invasive fungal sinusitis†

Acute invasive fungal sinusitis 25
Chronic granulomatous invasive fungal sinusitis 8
Chronic invasive fungal sinusitis 1
Non-invasive fungal sinusitis‡

Allergic fungal sinusitis 54
Fungus ball 12

∗n= 100; †n= 34; ‡n= 66. Pts= patients
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Patients with a fungus ball did not have any orbital
involvement, except for one patient who presented
with orbital apex syndrome. This was a 72-year-old
man with diabetes who experienced progressive
deterioration of vision in the left eye over one month.
He was found to have a soft tissue mass in the left pos-
terior ethmoid, adjacent sphenoid and orbital apex on
CT scanning and MRI. Endoscopic excision of the
mass showed polypoid mucosa covering a fungus
ball. The histopathological appearance was of a mass
of fungal filaments (characterised on fungal culture as
Aspergillus flavus) with polypoid, inflamed sinus
mucosa but without invasion. He developed rapidly
progressive, diffuse pneumonia post-operatively and
died soon after.

Radiological orbital involvement

Comparing radiological findings in patients with inva-
sive and non-invasive fungal sinusitis, it was found that
erosion of the lamina papyraceae and the roof of the
orbit was more prevalent in invasive (38.2 per cent)
than non- invasive (25.7 per cent) fungal sinusitis,
but this was not statistically significant (p= 0.20).
(Table IV and Figures 1 and 3). Erosion of the floor
of the orbit, however, was more common in patients
with invasive fungal sinusitis (p= 0.01) (Figure 2).
Overall, radiological differences between invasive
and non-invasive fungal sinusitis cases were less
remarkable compared with their clinical and histo-
pathological differences.
When cases of acute invasive fungal sinusitis and

chronic invasive fungal sinusitis were compared radi-
ologically, intra-ocular muscle enlargement (p=
0.01) and optic nerve compression (p= 0.003) were
more commonly seen in those with chronic disease
(Table V, Figure 3). Radiological evidence of orbital
involvement was seen in all but one patient with
chronic invasive fungal sinusitis and ocular symptoms.
In contrast, no radiological evidence was found in four
(16 per cent) patients with acute invasive fungal
sinusitis who had clinical evidence of optic atrophy
and/or papilloedema.

Discussion
When proposing a classification for invasive fungal
sinusitis, deShazo et al.21 noted that invasive and
non-invasive fungal sinusitis had a number of features
in common. Included among these were the facts that
both diseases could occur in immunocompetent and
immunodeficient individuals, both could have an
acute or chronic course, and both could extend to the
orbit and brain. However, the authors did not specifi-
cally comment on orbital involvement in both types
of disease.
The results of our study show that patients with

non-invasive fungal sinusitis had a lesser degree of
clinically evident orbital involvement than those with
invasive fungal sinusitis, and that this difference was
statistically significant (p= 0.00).

Clinical orbital involvement in non-invasive vs
invasive fungal sinusitis

Proptosis, periorbital swelling, reduced vision, diplo-
pia, restriction of extra-ocular muscle movement and
optic atrophy were seen with much greater frequency
in those with invasive compared with non-invasive
fungal sinusitis in the present study.
The low prevalence of orbital involvement in our

non-invasive fungal sinusitis patients (12.1 per cent)
is comparable with the figures from other case series
of allergic fungal sinusitis.6,8 The high prevalence of
orbital involvement (73.5 per cent) in our invasive
fungal sinusitis patients is also similar to that of other
series.11,13,18,19

In our study, when specific subcategories of fungal
sinusitis were evaluated, the prevalence of orbital
involvement appeared to be greatest for those with
chronic granulomatous fungal sinusitis (88.9 per
cent). In contrast, Panda et al.12 found that proptosis
was found with a comparable frequency among patients
with non-invasive aspergillus sinusitis (41.6 per cent)
and those with chronic granulomatous fungal sinusitis
(50 per cent). This is probably because the authors
subcategorised the non-invasive variety into a non-

TABLE IV

ORBITAL INVOLVEMENT IN INVASIVE VS NON-
INVASIVE FUNGAL SINUSITIS: RADIOLOGICAL

EVIDENCE∗

CT sign Patients (n (%)) p

Inv FS† Non-inv FS‡

LP erosion 13 (38.2) 17 (25.7) 0.20
Roof of orbit erosion 3 (8.8) 5 (7.6) 0.83
Floor of orbit erosion 5 (14.7) 1 (1.5) 0.01∗∗
Intra-ocular mass 7 (20.6) 11 (16.7) 0.63
EOM enlargement 5 (14.7) 2 ( 3) 0.12
Optic n compression 4 (11.8) 3 (4.5) 0.180

∗n= 100; †n= 34; ‡n= 66. ∗∗Significant. CT= computed tom-
ography; Inv= invasive; FS= fungal sinusitis; Non-inv= non-
invasive; LP= lamina papyracea; EOM= extra-ocular muscle;
n= nerve

TABLE V

ORBITAL INVOLVEMENT IN ACUTE VS CHRONIC
INVASIVE FUNGAL SINUSITIS∗: RADIOLOGICAL

EVIDENCE†

CT sign Patients (n (%)) p

Acute IFS‡ Chronic IFS∗∗

LP erosion 8 (32) 5 (55.6) 0.25
Roof of orbit erosion 1 (4) 2 (22.2) 0.16
Floor of orbit erosion 3 (12) 2 (22.2) 0.59
Intra-ocular mass 5 (20) 2 (22.2) 1.0
EOM enlargement 1 (4) 4 (44.4) 0.01§

Optic n compression 0 4 (44.4) 0.003§

∗Chronic invasive fungal sinusitis includes chronic granuloma-
tous fungal sinusitis. †n= 34; ‡n= 25; ∗∗n= 9. §Significant.
CT= computed tomography; IFS= invasive fungal sinusitis;
LP= lamina papyracea; EOM= extra-ocular muscle; n= nerve
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invasive destructive group, in which bone erosion
(without histological invasion) was present, and a
group without bone erosion.

Radiological involvement in non-invasive vs invasive
fungal sinusitis

Some authors have reported that up to 56 per cent of
patients with allergic fungal sinusitis show orbital or
skull base erosion.7 Others, studying individuals with
invasive fungal sinusitis, have described erosion of
the lamina papyraceae in 100 per cent of patients.18

In the present study, comparing invasive with non-
invasive fungal sinusitis, we found that radiological
evidence of orbital involvement did not differ signifi-
cantly between these two categories, with the exception
of erosion of the floor of the orbit, which was more
common in invasive fungal sinusitis (p= 0.01)
(Table IV, Figure 2).
Bony erosion in invasive fungal sinusitis occurs

through actual invasion or vascular necrosis of under-
lying bone. In contrast, in non-invasive fungal sinusitis,
bony erosion occurs only in long-standing cases
through a process of expansion and progressive thin-
ning of the underlying bone.

Clinical orbital involvement in different categories
of non-invasive fungal sinusitis

Among patients with non-invasive fungal sinusitis,
those with allergic fungal sinusitis tend to have
greater orbital involvement than those with a fungus
ball. In a large series of 82 patients with allergic
fungal sinusitis, Marple et al.2 found an overall inci-
dence of ocular involvement of 18.3 per cent.
Telecanthus was the most common symptom (found
in 7.3 per cent), followed by diplopia. Three patients
had visual loss (3.7 per cent).
In the present study we found a comparable overall

prevalence of orbital involvement in allergic fungal
sinusitis of 14.8 per cent. The most common features
of orbital involvement in these patients were periorbital
swelling (14.8 per cent), impaired vision (5.5 per cent)
and proptosis (9.1 per cent).
Proptosis and periorbital swelling are common fea-

tures of allergic fungal sinusitis and have been reported
in as many as 50 per cent of patients in some series.5 In
our study, the second most common orbital sign, on
examination of patients with allergic fungal sinusitis,
was proptosis (11.1 per cent). In an earlier study we
found the prevalence of proptosis to be higher at 37.5
per cent.4 Proptosis, which is due to a mass effect pro-
duced by the expanding polyps and allergic mucin,
resolves with surgical debridement of the sinuses and
post-operative oral steroid therapy.
Visual loss is an unusual feature of non-invasive

fungal sinusitis. The prevalence of visual loss in
some series varies from 3.7 to 10 per cent.2,5 Visual
loss in allergic fungal sinusitis is most often due to
pressure on the optic nerve by expanding polyposis
and allergic mucin. It is therefore reversible and often

resolves with appropriate decompression along with
oral steroid therapy. The addition of systemic steroid
therapy has an additive effect to that of decompressive
surgery in some cases.1 In others, the timing of surgery
may influence the final outcome.
Marple et al.2 described three patients with visual

loss in their series of 82 patients with allergic fungal
sinusitis. These authors rightly suggested that delayed
presentation often led to incomplete recovery because
of delayed intervention. This was also amply illustrated
by one of the patients in our series.
Rarer presentations of allergic fungal sinusitis

include restriction of ocular movements1 and subper-
iosteal abscess formation.3 Only two patients in our
series had restriction of ocular movements. The prob-
able cause for this phenomenon is mechanical or
inflammatory oedema of the extra-ocular muscles, as
invasion of extra-ocular muscles does not occur in
allergic fungal sinusitis.
Visual impairment in patients with a fungus ball is

unusual.9,10 In our study of patients with a fungus
ball, the sole patient with ocular symptoms had a
very unusual presentation, with orbital apex syndrome.
The only other case report of fungus ball causing visual
loss was that of Thiagalingam et al.14 who reported a
case of a fungus ball with associated acute invasive
fungal sinusitis in the sphenoid sinus causing orbital
apex syndrome.

Radiological orbital involvement in different
categories of non-invasive fungal sinusitis

Radiological evidence of orbital involvement in non-
invasive fungal sinusitis may manifest early as
erosion of the lamina papyracea or as an intra-ocular
mass. The roof and floor of the orbit are less commonly
eroded (Table IV). As the ethmoid sinus is the most
commonly involved sinus in allergic fungal sinusitis,
erosion of the lamina papyracea may occur with expan-
sion of the contents of the sinuses into the orbit.
In our 54 cases of allergic fungal sinusitis, we noted

lamina papyracea erosion in up to 27.8 per cent of
patients and an intra-ocular mass in 18.5 per cent.
Other authors have noted CT evidence of orbital
erosion in 15 per cent,8 60 per cent5 and 56 per cent,7

variously. None of these studies specified which part
of the orbit was involved.
We found very few reports of radiological evidence

of orbital erosion in patients with a fungus ball. In a
large series of 109 cases of patients with fungus ball,
Klossek et al.10 reported bone erosion in only four
patients (3.6 per cent). The exact bones that were
seen to be eroded on the CT scan were not mentioned.
Aribandi et al.20 suggest that on the CT scan the bony
sinus walls may be thickened, expanded and thinned,
with focal areas of erosion, in these patients. In our
study, of the 12 patients with fungus ball, two (16.7
per cent) had erosion of the lamina papyracea and
one had an intra-ocular mass.
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Clinical orbital involvement in invasive fungal sinusitis

Compared with non-invasive fungal sinusitis, orbital
involvement is more frequently seen in invasive
fungal sinusitis (Table VI), and is well documen-
ted.11,13,15–19 In some of the larger, more recent
series, a number of patients have presented with
advanced disease similar to that of our patients.11–13

Proptosis and ophthalmoplegia have been the common-
est ocular findings.11,15,16,18 In some reports, visual
loss was more common than proptosis.13,16 Yohai
et al.16 found that the severity of proptosis was
greater in those with advanced disease. The orbit is par-
ticularly vulnerable to involvement in invasive fungal
sinusitis, because of its close proximity to all four
groups of paranasal sinuses.

Radiological orbital involvement in invasive
fungal sinusitis

Radiological evidence of orbital involvement in our
invasive fungal sinusitis cases was similar to that
seen in other series (Table VI).1,12,13 In chronic inva-
sive fungal sinusitis, non-enhanced CT scans may
show a soft tissue mass invading the affected orbit,
with considerable bone destruction and opacification
of the involved sinuses (Figure 3).
In acute invasive fungal sinusitis, findings are vari-

able. DelGaudio et al.23 studied patients with acute
invasive fungal sinusitis who presented early in the
disease course, and found CT scanning to be highly
sensitive when 3 mm axial and coronal cuts with soft
tissue and bone windows were used. These authors
also found CT to lack specificity in early acute invasive
fungal sinusitis, especially when the scans were com-
pared with those of immunocompromised patients
with probable bacterial sinusitis.
In the present study, in which patients usually pre-

sented late in the course of the disease, erosion of the
lamina papyraceae and the presence of an intra-ocular
mass were the most common radiological features in
acute invasive fungal sinusitis cases, whereas lamina

papyracea erosion, extra-ocular muscle involvement
and optic nerve compression were more common in
chronic invasive fungal sinusitis cases (Figure 3).

• Orbital involvement in invasive and non-
invasive fungal sinusitis has been poorly
studied

• This study found greater orbital involvement
in invasive than non-invasive fungal sinusitis,
more evident clinically than radiologically

• Radiological evidence of orbital involvement,
although more common in invasive than non-
invasive disease, was significantly greater only
for orbital floor erosion

• Radiologically, there was less extra-ocular
muscle enlargement and optic atrophy in
invasive disease

• Up to 16 per cent of patients with acute
invasive disease may show little or no
radiological evidence of orbital invasion

Although similar clinical findings are seen for acute
and chronic invasive fungal sinusitis, there are some
radiological differences between the two conditions,
as described above. Previous authors have noted a
paucity of radiological findings in some individuals
with acute invasive fungal sinusitis with advanced
ocular involvement.13 In our series, four patients (16
per cent) with acute invasive fungal sinusitis and
optic atrophy had negative scans. Occasionally, dis-
tinguishing fungal from bacterial sinusitis on the
basis of clinical and radiological findings is difficult,
particularly in immunosuppressed patients. Park
et al.17 studied 17 immunosuppressed children with
neutropenic fever to ascertain risk factors for acute
invasive fungal sinusitis, and found no difference in
radiological features between those with fungal or
another type of sinusitis, as CT scans showed either

TABLE VI

ORBITAL INVOLVEMENT IN ACUTE INVASIVE VS CHRONIC GRANULOMATOUS FUNGAL SINUSITIS: REPORTED
CLINICAL EVIDENCE

Clinical sign AIFS (patients (%)) CGFS (patients (%))

Current∗ Bhansali et al.11† Yohai et al.16‡ Current∗∗ Veress et al.19§ Dhiwakar et al.18¥

Periorbital swelling 68 66 43 88.9 IU 33.3
Decreased vision 52 80 65 77.8 0 33.3
Diplopia 40 IU 4 55.6 IU
Periorbital pain 64 43 55.6 IU 33.3
Proptosis 56 83 64 77.8 60.8 67.7
EOM mvmt restriction 52 89 67 77.8 IU 50
OA or CRAO 28 20 16 77.8 IU 67.7

∗n= 25; †n= 35 (cases of rhino-orbito-cerebral mucormycosis; ‡n= 80 (cases of rhino-orbito-cerebral mucormycosis taken from literature
review of cases seen 1970–1993); ∗∗n= 8; §n= 46; ¥n= 6. AIFS= acute invasive fungal sinusitis; CGFS= chronic granulomatous fungal
sinusitis; IU= information unavailable; EOM mvmt= extra-ocular muscle movement; OA= optic atrophy; CRAO= central retinal artery
occlusion
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mild sinus opacification or pansinusitis in both groups
of patients.

Conclusion
Orbital involvement occurs to a much greater degree in
invasive fungal sinusitis compared with non-invasive
fungal sinusitis. This is more evident clinically than
radiologically. Cases of chronic invasive fungal sinu-
sitis show a greater degree of extra-ocular muscle enlar-
gement and optic nerve compression than cases of
acute invasive fungal sinusitis. There is a paucity of
radiological signs in some cases of acute invasive
fungal sinusitis with advanced disease. Early assess-
ment of intra-orbital spread by both clinical and radio-
logical evaluation enables timely medical and surgical
intervention to limit the spread of disease.
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