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Periantral Soft-Tissue Infiltration and Its
Relevance to the Early Detection of Invasive
Fungal Sinusitis: CT and MR Findings

Craig S. Silverman and Anthony A. Mancuso

PURPOSE: Our goal was to illustrate the relevance of periantral soft-tissue infiltration to the
early diagnosis of invasive fungal sinusitis and to describe variations in the appearance of
normal periantral soft tissues.

METHODS: We reviewed two cases of pathologically proved invasive maxillary fungal sinus-
itis in which the sole imaging finding suggestive of invasive disease was periantral soft-tissue
infiltration. Variations in the CT appearance of normal periantral soft tissues were studied in
112 patients by assessing the appearance of the fat planes along the anterior and posterior bony
antral walls and by noting the presence of infraorbital and distal internal maxillary artery
branch vessels within the anterior and posterior periantral fat planes, respectively.

RESULTS: None of the 112 patients had findings that suggested, or that could mimic,
soft-tissue infiltration in the anterior periantral soft tissues. In only one (1%) of the 112
patients was there a loss of visibility of the posterior periantral fat plane that was not clearly
attributable to the otherwise normal-appearing posterior periantral soft tissues.

CONCLUSION: Infiltration of the periantral fat planes may represent the earliest imaging
evidence of invasive fungal disease. When encountered as the sole radiologic finding, periantral
soft-tissue infiltration should suggest the possibility of invasive fungal sinusitis in the appro-

priate clinical setting.

Invasive fungal sinusitis can be a rapidly progres-
sive, fatal disease that requires aggressive treatment.
Clinical conditions posing added risk are poorly con-
trolled diabetes mellitus and diabetic ketoacidosis (1-
6), leukemia and bone marrow transplant (7-10),
end-stage renal disease (11), prolonged antibiotic and
corticosteroid treatment (12, 13), and chronic immu-
nosuppressive therapy (14); but invasive fungal sinus-
itis may also, albeit rarely, be seen in apparently
healthy individuals (15, 16). Orbital and intracranial
involvement are the most devastating of its potential
consequences; therefore, early detection is crucial,
and imaging has an essential role in this regard.

Imaging has classically been used to evaluate inva-
sive fungal sinusitis in support of the clinical suspicion
of invasive disease. Bone destruction has been a
prime determinant of aggressive disease, and infor-
mation about bone involvement as well as involve-
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ment of contiguous structures such as the orbit and
brain is useful in surgical planning. The purpose of
this article is to illustrate how isolated periantral soft-
tissue infiltration can lead to an early diagnosis of
invasive fungal sinusitis. The appearance of periantral
soft-tissue infiltration due to invasive fungal disease
on computed tomography (CT) scans and magnetic
resonance (MR) images is contrasted with the normal
appearance of the periantral soft tissues.

Methods

Case 1

A 35-year-old woman with a history of poorly controlled
insulin-dependent diabetes mellitus, chronic renal failure, and
multiple previous admissions for diabetic ketoacidosis was ad-
mitted for diabetic ketoacidosis. She also reported pain over
the left maxillary sinus and was noted to have periorbital
erythema on physical examination. A CT scan showed mucosal
thickening in the left maxillary sinus, left-sided preseptal cel-
lulitis, and abnormal soft-tissue attenuation material infiltrat-
ing the periantral fat planes (Fig 1). No bone destruction was
noted, and the nasal cavity, orbit, and intracranial structures
were normal. A nasal specimen was negative for fungal stain
and, despite the radiologic suggestion of invasive disease, the
patient was discharged on antibiotics.

The culture of the nasal specimen eventually grew Rhizopus
organisms and the patient was readmitted with the diagnosis of
paranasal mucormycosis and started on intravenous amphoter-
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Fic 1. Case 1: Invasive mu-
cormycosis. Axial contrast-en-
hanced CT scan shows soft-
tissue infiltration of the left
anterior periantral fat plane (ar-
rowhead) and the left posterior
periantral fat plane (arrow).

Fic 2. Case 2: Invasive as-
pergillosis. Axial T1-weighted
MR image (600/15/2 [repeti-
tion time/echo time/excita-
tions]) shows infiltration of the

left posterior periantral fat v

plane (arrow).

icin B. She reported increasing headaches and pain involving
the left side of the face. A CT scan showed a decrease in the
preseptal cellulitis but otherwise persistent mucosal thickening
in the left maxillary sinus and persistent abnormal periantral
soft tissues. The nasal cavity, bones, orbit, and brain remained
normal. At surgical exploration via a Caldwell-Luc approach,
the maxillary sinus was filled with fungal elements as well as
purulent material. The nasal cavity was normal. The fungus did
not appear to invade the mucosa (no necrosis or black eschar-
type tissue was noted) and the bony antrum was of normal
integrity. The frozen section revealed fungal elements without
invasive characteristics; however, permanent sections later
showed invasive mucormycosis.

Case 2

A 43-year-old woman with acquired immunodeficiency syn-
drome (AIDS) had a 3-month history of headaches and left-
sided facial pain around the eye and over the maxilla. During
the course of these symptoms, a left antral punch had been
performed with negative culture, and she was treated with
antibiotics prophylactically. When the symptoms did not re-
solve, a CT scan was obtained, which showed mucosal thicken-
ing of the left maxillary sinus, a focal area of bone destruction
involving the lateral aspect of the posterior bony antral wall,
and abnormal soft-tissue attenuation material infiltrating the
posterior periantral fat plane. Involvement of the orbit was also
seen at this time. At surgical exploration, edematous mucosa
with a necrotic appearance was noted. Biopsy specimens re-
vealed Aspergillus organisms and cultures later grew Aspergillus
fumigatus. The patient was treated with intravenous amphoter-
icin B.

At the time of the CT examination, a review of a prior MR
study of the head, performed approximately 1 month earlier for
recurrent headaches, revealed a previously unrecognized ab-
normality in the posterior periantral soft tissues (Fig 2).

Analysis of Normal Periantral Soft Tissues

Variations in the CT appearance of normal periantral soft
tissues were studied in 112 patients examined over a 9-month
period. The records of these patients were obtained from com-
puter-generated lists of previous maxillofacial CT examinations
and from ongoing daily cases. The study group included 67
female and 47 male subjects, 2 to 88 years old (mean age, 37
years), with both normal maxillary sinuses (n = 75) and non-
invasive inflammatory disease of the maxillary sinuses (n = 37).
Of those with noninvasive inflammatory disease, 21 patients
had total or near total opacification and 13 patients had in-
creased attenuation within the secretions, consistent with dry-
ing and/or fungal colonization.

The CT studies included both noncontrast and contrast-
enhanced scans obtained through the maxillary antrum and
periantral soft tissues with 3-mm-thick axial sections at scan
intervals of 3 to 5 mm. Exclusion criteria included scan thick-
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ness other than 3 mm, scan intervals greater than 5 mm, poor
filming technique, prior sinonasal surgery, and pathologic find-
ings other than noninvasive inflammatory disease involving the
maxillary sinus or periantral soft tissues discovered either in the
clinical history or incidentally during review of the CT scan.
The pathologic conditions resulting in exclusion were neo-
plasms of the maxillary sinus, orbit, masticator space, and
infratemporal fossa; facial and orbital trauma; and infections of
the orbit, preseptal soft tissues, and deep facial soft tissues.

Imaging features of the normal periantral soft tissues that
were assessed included the appearance of the fat planes along
the anterior and posterior bony antral walls and the presence of
blood vessels within the two fat planes. The appearance of the
anterior periantral fat plane was analyzed for the presence of a
distinct plane of fat attenuation along the anterior bony antral
wall between the muscles of facial expression and the bony
antrum. The retroantral fat plane was analyzed for the pres-
ence of a distinct plane of fat attenuation along the posterior
bony antral wall. Along its more cephalad component, the
retroantral fat plane was defined as extending laterally from,
but not including, the pterygopalatine fossa, while along its
more inferior component, it was defined as extending laterally
from the lateral pterygoid plate. When the CT scan was inter-
preted as “negative” for the presence of a distinct plane of fat
attenuation, the presumed reasons for the nonvisible fat plane
were identified; these included less periantral fat tissue and
contact between the otherwise normal periantral soft tissues
and the bony antral wall. The findings were recorded and
distinguished from any finding that could mimic periantral
soft-tissue infiltration, thereby raising the suggestion of inva-
sive fungal sinusitis. The infraorbital and distal internal maxil-
lary artery branch vessels were analyzed for their conspicuity as
discrete foci of soft-tissue attenuation within the anterior peri-
antral and retroantral fat planes, respectively.

All CT scans were reviewed independently by two radiolo-
gists with different levels of expertise. The first was a neurora-
diologist with 20 years’ experience in head and neck radiology,
and the second was in subspecialty training in neuroradiology.

Results

Results are reported for the primary interpreter, as
only minor differences existed between the two read-
ers, and these were related only to normal variations
in the appearance of the periantral soft tissues. The
two interpreters agreed in all cases with respect to
normality of scan findings and to any findings that
could mimic periantral soft-tissue infiltration.

None of the 112 patients had findings in the ante-
rior periantral soft tissues that suggested or mimicked
soft-tissue infiltration. The anterior periantral fat
plane was seen bilaterally as a distinct plane of fat
attenuation along its entire cephalocaudal extent in
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Fic 3. Normal variations in the CT appearance of the periantral soft tissues.

A, Noncontrast CT scan shows the normal anterior and posterior periantral soft tissues: anterior periantral fat planes (large black
arrowheads), levator labii superioris alaeque nasi muscles (white arrowheads), and orbicularis oculi muscles (white arrows); retroantral
fat planes (small black arrowheads), temporalis muscles (T), and lateral pterygoid muscles (L).

B, Contrast-enhanced CT scan shows nonpathologic loss of visibility of the more cephalic aspect of the anterior periantral fat planes
bilaterally (black arrows) and the right retroantral fat plane (white arrow).

C, Noncontrast CT scan shows nonpathologic loss of visibility of the more caudal aspect of the right retroantral fat plane (arrow) in

the presence of an unerupted third molar.

108 (96%) of 112 patients, whereas in four (4%) of
the 112 patients the anterior periantral fat plane was
not seen in its most cephalad aspect. The lack of
visibility of the anterior periantral fat plane was
clearly attributed to the otherwise normal-appearing
anterior periantral soft tissues, with contact between
the superficial soft tissues of the face and the anterior
bony antral wall.

One hundred eleven (99%) of the 112 patients had
no findings in the posterior periantral soft tissues that
suggested or that mimicked soft-tissue infiltration.
The retroantral fat plane was seen bilaterally as a
distinct plane of fat attenuation along its entire ceph-
alocaudal extent in 72 (64%) of the patients; the
remaining 40 patients (36%) had variable loss of
visualization of the retroantral fat plane along its
cephalocaudal extent. In 39 of these 40 patients, loss
of visibility of the retroantral fat plane was clearly
attributed to the otherwise normal-appearing poste-
rior periantral soft tissues, with contact between the
temporalis and/or lateral pterygoid muscles and the
posterior bony antral wall. In only one patient (1%)
was loss of visibility of the retroantral fat plane not
clearly attributable to otherwise normal-appearing
posterior periantral soft tissues.

The infraorbital artery branch vessels were seen
bilaterally as discrete foci of soft-tissue attenuation
within the anterior periantral fat plane in 108 (96%)
of 112 patients. These vessels were not seen on either
side in two patients, and they were not seen on one
side in two patients. The distal internal maxillary
artery branch vessels were seen bilaterally as discrete
foci of soft-tissue attenuation within the retroantral
fat plane in all patients.

Discussion

Normal Periantral Soft Tissues

The majority of patients in our study had a distinct
periantral fat plane both anteriorly and posteriorly
(Fig 3A). However, variation in the appearance of the
periantral soft tissues does occur, and loss of visibility

Fic 4. Noncontrast CT scan shows a single instance of soft-
tissue attenuation material in the left retroantral fat plane (arrow-
heads) that could mimic soft-tissue infiltration.

of both the anterior periantral and retroantral fat
planes may occur for nonpathologic reasons. Most
commonly, this loss appeared to be related to varia-
tions in the amount of adipose tissue. Decreased
amounts of adipose tissue caused the surrounding
normal periantral soft tissues to appose the bony
antral wall and obscure the periantral fat plane (Fig
3B). This tended to occur in the more cephalad as-
pects of both the anterior periantral and retroantral
fat planes. Anteriorly, the adjacent orbicularis oculi
muscle and superficial soft tissues of the face could
then appose the anterior bony antral wall and obscure
the anterior periantral fat plane. Posteriorly, the tem-
poralis muscle and, less likely, the lateral pterygoid
muscle could then appose the posterior bony antral
wall and obscure the retroantral fat plane. Addition-
ally, in some pediatric patients, unerupted third mo-
lars appeared to distort and decrease the size of the
inferior aspect of the infratemporal fossa, also caus-
ing these muscles to obscure the retroantral fat plane
(Fig 3C).

In only one of the 112 patients in the study was
there any finding that suggested, or that could mimic,
soft-tissue infiltration (Fig 4). Although this finding
was seen in the retroantral soft tissues of a maxillary
sinus that was nearly completely opacified and that
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showed increased density, suggesting drying and/or
fungal colonization, a review of the medical records
did not reveal any information indicating that fungal
or invasive sinus disease was ever diagnosed in this
patient. The finding was most likely related to distal
branch vessels of the internal maxillary artery, as it
was in the appropriate location for these vessels, and
the periantral soft tissues above and below the illus-
trated finding were normal, with the distal branch
vessels of the internal maxillary artery appearing
more discrete.

Perhaps equally as relevant is the lack of any find-
ings in the periantral soft tissues of the remaining
patients with totally or nearly totally opacified maxil-
lary sinuses and of those in whom increased attenu-
ation was seen. There were no findings that suggested
or that mimicked soft-tissue infiltration in 20 (95%)
of 21 patients with totally or nearly totally opacified
maxillary sinuses or in the 12 (92%) of 13 patients
with increased attenuation within the secretions. This
helps exclude the possibility that periantral changes
can occur with other noninvasive pathologic states,
such as more severe noninvasive inflammatory dis-
ease, impaction and/or drying, and noninvasive fungal
colonization.

Periantral Soft-Tissue Infiltration

The radiologic characteristics of invasive fungal si-
nusitis have been described. Earlier reports, based on
conventional radiography and tomography, focused
primarily on multifocal bone destruction as an aid to
the diagnosis of invasive fungal sinusitis and in the
evaluation of the extent of advanced disease (3, 17).
However, later reports have revealed that with the
evolution in the recognition of invasive fungal sinus-
itis at conventional radiography, tomography, and
CT, a corresponding change has occurred in the im-
aging features of this disease. A prominent imaging
feature of the later reports is the presence of soft-
tissue abnormalities outside the confines of the max-
illary sinus, including advanced disease involving the
orbit or brain prior to destructive bone changes (2, 6,
13, 18).

The finding of soft-tissue infiltration of the normal
retroantral fat plane along the posterior wall of the
maxillary sinus in the infratemporal fossa is illustrated
in both our cases. This finding is supported by, and
most consistent with, results obtained by Gamba et al
(6). It also suggests extension of infection into the
infratemporal fossa based on obliteration of the nor-
mal fat density that outlines the posterolateral wall of
the maxillary sinus, implying that this can occur with-
out bone destruction via perivascular channels. How-
ever, a review of their data reveals that all seven cases
that suggested extension of infection into the infra-
temporal fossa, pterygopalatine fossa, or both by
obliteration of fat density also had bone destruction,
orbital involvement, or intracranial involvement.
These investigators reported no case in which exten-
sion into the infratemporal fossa or pterygopalatine
fossa was an isolated abnormality, and although they
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did suggest that patients with involvement of deep
paranasal tissues and orbit are at increased risk for
intracranial involvement, they drew no conclusions
regarding the course of invasive fungal disease or
whether extension into these deep tissues precedes
orbital or intracranial involvement.

The finding of soft-tissue infiltration of the normal
anterior periantral fat plane along the anterior wall of
the maxillary sinus is illustrated in case 1. Infiltration
of the soft tissues of the face anterior to the maxillary
sinus as a consequence of aggressive fungal infection
was reported by Som and Curtin (18), but in conjunc-
tion with contiguous involvement of the nasal cavity.
Case 1, however, exemplifies soft-tissue infiltration of
the anterior periantral fat plane without involvement
of the nasal cavity.

In noninvasive fungal sinusitis the fungal elements
are limited to the lumen of the involved sinus,
whereas invasive disease crosses the mucosa to vari-
ably involve blood vessels, bone, orbit, and intracra-
nial structures. The fungi that cause both mucormy-
cosis and aspergillosis of the paranasal sinuses are
ubiquitous. They are species of the genera Mucor,
Rhizopus, and Absidia and species of the genus As-
pergillus, respectively. These fungi are normally sapro-
phytic, but may become invasive in patients with the
predisposing diseases described previously. Both in-
vasive mucormycosis and aspergillosis have an affinity
for invading blood vessels (19-23). In particular, in-
vasive mucormycosis has a strong affinity for arteries.
Histopathologic features include growth along the
internal elastic lamina that results in dissection away
from the media, as well as growth into the vessel
lumen, producing endothelial damage and initiating
thrombosis (23).

Possible theories, which are based on the affinity
these fungi have for invading blood vessels, can be
proposed to help explain early periantral soft-tissue
infiltration prior to bone changes. The periantral soft-
tissue infiltration may be a secondary finding. The
propensity these fungi have to initiate thrombosis
could result in vascular congestion, in which case, the
periantral soft-tissue infiltration may be that of peri-
antral “edema.” Alternatively, the periantral soft-tis-
sue infiltration could represent the presence of fungal
elements outside the maxillary sinus, which may be
explained by the tendency these fungi have to spread
along the vessels. Direct spread through the perivas-
cular spaces into the periantral fat could account for
the periantral soft-tissue infiltration beyond the con-
fines of the maxilla.

Bone involvement has also been described with
both invasive aspergillosis (15, 19, 21, 22) and invasive
mucormycosis (20, 21). However, no pathogenesis or
more chronologically ordered pathologic correlate
has been described that could explain the early imag-
ing finding of periantral soft-tissue infiltration. The
CT scan in case 1 confirms that the abnormal peri-
antral soft-tissue attenuation occurred before any de-
monstrable bone changes and preceded the more
classic findings of bone destruction previously de-
scribed in invasive fungal sinusitis.
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At some institutions, MR imaging may be used in
the initial evaluation of complicated sinusitis because
of its ability to better depict advanced disease involv-
ing the orbit or brain, extraaxial space and meninges,
and the cavernous sinuses. The MR image in case 2
illustrates abnormal periantral soft-tissue signal and
enhancement without the more advanced disease,
which MR imaging is often used to evaluate. Al-
though the MR study in case 2 precludes definitive
exclusion of the bone destruction subsequently seen
on a CT scan, the abnormal periantral soft-tissue
signal and enhancement, had it been recognized,
would have prompted earlier intervention and appro-
priate treatment. Therefore, periantral soft-tissue in-
filtration represented the earliest imaging finding sug-
gestive of invasive disease in both cases.

At our institution, CT is the primary imaging
method used to evaluate the paranasal sinuses in
patients undergoing bone marrow transplant, organ
transplant, or immunosuppressive therapy. In these
clinical settings, CT can serve as a baseline examina-
tion to determine a potential source for the fevers
these patients often experience during treatment, as
well as function as the initial examination when com-
plicated sinusitis is suspected. Although the specific
diagnosis of invasive fungal sinusitis requires histo-
logic confirmation, imaging has particular utility in
certain clinical situations, such as those in which the
clinical signs and symptoms that suggest the possibil-
ity of invasive fungal sinusitis are not that profound
and those in which the clinical indication is that of
uncomplicated sinusitis and the imaging findings sug-
gestive of invasive disease are unsuspected. It is in
these difficult to manage and unsuspected cases that
imaging, with its ability to detect subtle evidence of
invasive sinus disease, has a crucial role in patient
treatment.

Conclusions

Our cases demonstrate the usefulness of imaging in
the evaluation of invasive fungal sinusitis, in which
periantral soft-tissue infiltration of the fat planes nor-
mally surrounding the maxillary sinus is illustrated.
This potentially subtle finding beyond the confines of
the maxillary sinus, before the more apparent evi-
dence of bone destruction or contiguous involvement
of the orbit or intracranial structures, may represent
the earliest imaging manifestation of an aggressive
process. In the appropriate clinical setting, a low
threshold of suspicion is necessary to make the diag-
nosis of invasive fungal sinusitis, both radiologically
and clinically. When seen as the sole imaging finding
suggestive of invasive disease, periantral soft-tissue
infiltration should raise the possibility of invasive fun-
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gal sinusitis, a hypothesis that may impact patient
care, leading to surgical exploration and biopsy, and
perhaps resulting in an earlier diagnosis of invasive
fungal sinusitis.
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