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Abstract

To evaluate the diagnostic performance of CT and MRI in diagnosis of pterygopalatine fossa
lesions and to describe disease entities involving pterygopalatine fossa (PPF).

The CT and MRI images of 29 patients who had the PPF lesions were retrospective reviewed
by two neuroradiologists who were blinded to the diagnosis. The radiologist’s interpretation
was one of four categories; benign soft tissue tumor, malignant soft tissue tumor, primary
bone tumor, and inflammatory lesion. The results were compared to final diagnosis and
calculated for sensitivity, specificity, accuracy, PPV, NPV, and interobserver agreement.
Of'the 29 cases, 18 were malignant soft tissue tumor (62%), 2 were benign soft tissue tumor
(7%), 3 were primary bone tumor (10%), and 6 were inflammatory lesion (21%). Benign soft
tissue tumor demonstrated highest specificity, accuracy, PPV and NPV (100%). Both benign
and malignant soft tissue tumor equaled in highest sensitivity (100%). The interobserver
agreement showed substantial agreement (Kappa = 0.744, P-value <.001).

CT and MRI have high accuracy in diagnosis of the pterygopalatine fossa lesions with
high sensitivity in the detection of benign and malignant soft tissue tumor. However, there
was low specificity in diagnosis of the malignant soft tissue tumor because of overlapped
findings in malignant tumors and aggressive inflammation.
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Introduction

The pterygopalatine fossa (PPF) is a small
space but very important anatomic crossroad at
the deep face as it connects between several intra-
and extra-cranial compartments including orbit,
nasal cavity, nasopharynx, oral cavity, and the
middle cranial fossa.!”” Therefore, various etiologies
including neoplastic and inflammatory diseases
can originate or spread through this area either by
direct spread or via neurovascular communications.
PPF is bounded by maxillary sinus, palatine bone
and pterygoid process of sphenoid bone. Its major
contents include pterygopalatine ganglion, maxil-
lary division of trigerminal nerve, vidian nerve, fat,
various arteries, and veins.

Computed tomography (CT) and magnetic
resonance imaging (MRI) have major role in
diagnosis of the diseases involving PPF as this
structure is deeply located in the deep face and
precise diagnosis would be impossible based-on
clinical information alone. CT is known as the
best modality to detect bony changes, chondroid
and osteoid matrix. MRI is excellent for detection,
characterization and determining extension of
soft tissue pathologies. Obliteration of fat in the
pterygopalatine fossa is the important indicator of
pathology.**

Many imaging features aid in distinguishing
malignant from benign tumor or inflammatory
lesion has been described. Large volume, poorly
defined margin and bony invasion may suggestive
of malignant soft tissue tumor.” Benign soft
tissue masses usually show pressure erosion or
scalloping of adjacent bone.!° Calcified matrix in the
lesion should lead to chondroosseous type tumor.’
However some findings overlap between benign
and malignant conditions. Chronic invasive fungal
sinusitis may appear as mass-like lesion with bone
destruction and invade adjacent structures which
mimic malignant tumor."!

This study expects that this research will
reveal the performance of CT and MRI in diagnosis
of the various etiologies of the lesions that involve
the PPF.

To evaluate the diagnostic performance
of CT and MRI in diagnosis of diseases involving
PPF and to describe incidence of diseases involving
this area.

Methods

Study population

The retrospective study was approved
by the ethics committee at the institution. The
retrospective chart review by using the keywords:
“pterygopalatine fossa” or “PPF” through the
radiologic database for CT and MRI examination
during the period of January 2017 to December
2019. The inclusion criteria were (a) patient’s age
over 15-year-old (b) patients with the pterygopala-
tine fossa lesion who had pretreatment CT or MRI
of head and neck (c) patients with pathological or
clinical of final diagnosis. Patients who had history
of severe traumatic facial injury were excluded from
the study. Demographic and clinical data including
age, gender, CT or MRI examination parts and date
of examination, treatment, operative note and patho-
logical or clinical final diagnosis were collected.

Machines

CT was performed using our institution’s
routine protocol, acquired with a 256-detector CT
scanner (Philips, iCT powered by iPatient), or a
128-detector CT scanner (Siemens, SOMATOM
Definition AS). In our study, CT scan was obtained
in 25 patients, including both contrast-enhanced CT
and non contrast-enhanced CT. There were CT neck,
CT orbit, CT paranasal sinuses, CT oral cavity, CT
brain and CT facial bone. All CT images covered
from skull base to hard palate at least. The images
were reconstructed in range of 1 - 5 mm thickness.

The MR examination was performed in
5 patients, using a 1.5 Tesla (Siemens MEGNETOM
Aera) or 3 Tesla MRI (Siemens MAGNETOM
Skyla). The minimum sequences included T1WI,
T2WI, T2-FLAIR, T2*GRE, fat-suppression T1W
with gadolinium and diffusion images. The images
were displayed by using a PACS workstation.

Imaging interpretation

Each study was retrospectively reviewed
by two experienced neuroradiologists indepen-
dently. Any discrepancies between the two neu-
roradiologists were resolved by their additional
consensus reading. They were blinded to informa-
tion of individual patient.
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The images were diagnosis into one of four
categories; benign soft tissue tumor, malignant soft
tissue tumor, primary bone tumor, and inflammatory
lesion. Results of CT and/or MRI interpretation
were compared to the final diagnosis.

Statistical analysis

The sensitivity, specificity, accuracy,
positive predictive value (PPV), and negative
predictive value (NPV) of CT and MRI for diagnosis
of the pterygopalatine fossa lesions were calculated.

Table 1 Demographic data

The Cohen kappa statistic was used to determine
the interobserver agreement.

Results

Demographic data

A total of 29 patients were eligible for this
study. Seventeen were males (59%) and twelve were
females (41%); range 22 - 86 years, median age was
58 years. There were 24 patients performed CT scan
alone and 4 patients had only MRI. Only one patient
underwent both CT and MRI. The demographic data
was summarized in Table 1.

General characteristics Number Percentage (%)
Sex
Male 17 59
Female 12 41
Age (years)
15-30 14
31-50 31
More than 50 16 55
Imaging modality
CT 24 83
MRI 14
CT and MRI 3

Of the 29 cases, 18 were malignant soft
tissue tumors (62%), 2 were benign soft tissue
tumors (7%), 3 were primary bone tumors (10%),
and 6 were inflammatory lesions (21%). The most

common disease was nasopharyngeal cancer
(9 cases, 31%). Details of each disease are showed
in Table 2.
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Table 2 Final diagnosis

Final diagnosis Number (total 29) Percentage (%)
Malignant soft tissue tumor
Nasopharyngeal cancer 9 31
Lymphoma 3 10
CA maxillary sinus 2 6.9
Malignant round cell tumor 1 34
CA hard palate 1 34
CA nasal cavity 1 34
Metastasis from lung cancer 1 34
Benign soft tissue tumor
Schwannoma 1 34
Nasopharyngeal angiofibroma 1 34
Primary bone tumor
Osteosarcoma 1 34
Fibrous dysplasia 1 34
Ossifying fibroma 1 34
Inflammatory lesion
Fungal sinusitis 4 13.8
Sinusitis, non-specified 1 34
Chronic inflammation, non-specified 1 34

Interobserver agreement
The overall interobserver agreement
showed substantial agreement (Kappa = 0.744,
P-value <.001).

Diagnosis performance

Calculated sensitivity, specificity,
accuracy, precision, and negative predictive value
(NPV) for CT and MRI in diagnosis of categories

of pterygopalatine fossa lesions are shown in
Table 3. The image diagnosis for benign soft
tissue tumor demonstrated the highest specificity and
accuracy (100%) and for both benign and malignant
soft tissue tumor equaled in the highest sensitivity
(100%). The diagnosis for primary bone tumor had
the lowest sensitivity (33.3%) and for malignant
soft tissue tumor had the lowest specificity (72%).

Table 3 Diagnostic performance of CT and MRI in diagnosis of PPF lesions

Disease categories Sensitivity Specificity Accuracy Precision NPV
Benign-soft tissue tumor 100 (2/2) 100 (27/27) 100 (29/29) 100 (2/2) 100 (27/27)
95% CI 15.81 - 100 87.23 - 100 88.06 - 100 - -
Malignant-soft tissue tumor 100 (18/18) 72 (8/11) 89.7 (26/29) 87.5(18/21) 100 (8/8)
95% CI 81.47 - 100 39.03-9398 72.65-97.81 69.57-94.03 -

Primary bone tumor 33.3(1/3) 96.2 (25/26)  93.1(27/29) 100 (1/1) 92.9 (26/28)
95% CI 0.84 - 90.57 86.77 - 100 77.23-99.15 - 85.38 - 96.66
Inflammatory lesion 66.7 (4/6) 95.7 (22/23) 89.7 (26/29) 80 (4/5) 91.7 (22/24)
95% CI 22.28-95.67 78.05-99.89 72.65-97.81 35.15-96.72 72.65-97.81
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Discussion

In the study, malignant soft tissue tumor
was the most common etiology which had highest
sensitivity (100%) but lowest specificity (72%)
on CT and MRI. In this group, nasopharyngeal
carcinoma was the most common disease. They
appeared as soft tissue mass arising from naso-
pharyngeal wall, invading adjacent structures and
extending to the pterygopalatine fossa (Figure 1 A,
B, and C). Associated bony destruction and
pathologic nodes were clues for their malignant
behavior. These are similar to previously reported
by Ahmed AR et al that imaging suggest malignant
soft tissue tumor included large volume, extra-
compartmental extension, high T2-weighted MR
images, invasion of bone and marked peripheral
enhancement.”!°

Lymphoma was the second most common
disease involving the pterygopalatine fossa in our
study (3 from 18 cases of malignant soft tissue
tumor). The primary origins were from orbit in
two cases and anterior skull base in one case. All

three cases of lymphoma showed isosignal intensity
on T1WI, slightly hypersignal intensity on T2WI
with restricted diffusion (Figure 1 D, E, and F),
corresponding to what was described by Ali RS
et al."

In our study, there was no false negative
for malignant soft tissue tumor but there were three
cases with false positive which were primary bone
tumor (chondroblastic osteosarcoma) and inflam-
matory lesion (invasive aspergillosis rhinosinusitis
and chronic inflammation; non-specified).

In case of chondroblastic osteosarcoma
(Figure 1 G, H, and I), lesion appeared as a soft
tissue mass epicenter at right maxilla with invasion
to adjacent structures and bony destruction. There
was no internal chondroid or osteoid matrix in this
case. Osteosarcoma has been reported of presence
of osteoid matrix in 90% of cases by Pablo NB
et al.'”? So, in minority cases, osteoid matrix may
not be found and might be difficult to diagnosis
from other malignant tumor.

Figure 1 A, B and C: A 40-year-old man with nasophaiyngeal squamous cell carcinoma. This was correctly
categolized as malignant soft tissue tumor. There is au ill-defined soft tissue tumor epicenter at
right sided nasopharynx (arrow in A) and right PPF (open arrow in A) with bone destruction at
right pterygoid bone (arrow in B). Several metastatic nodes at bilateral upper neck (arrow in C)

confirm its malignant nature.

D, E and F: A 64-year-old man with extranodal marginal zone B cell lymphoma which was
correctly diagnosed as malignant soft tissue tumor. The mass involves both orbits and PPF which
show typical restricted diffusion (high signal in D and low signal in E) and rather homogeneous
enhancement (F). Rather enlarged bilateral PPFs is also noted (arrow in F).

G, H and I: A 25-year-old woman witlh chondroblastic osteosarcoma at right sided maxilla which was
interpreted as malignant soft tissue humor. The mass appears as enhancing soft tissue mass at right
maxillaly sinus (arrow in G, H) and causes bony destruction (open arrow in I). No chondroid or

osteoid matrix was presented.
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A case of invasive aspergillosis rhinosinusitis
(Figure 2 A, B, and C), which interpreted as malignant
soft tissue tumor, appeared as a soft tissue mass
with central enhancement and the epicenter at right
orbital apex involving right pterygopalatine fossa.
Adjacent bony destruction was presented. These
would be unable to differentiate from malignant soft
tissue tumor, similar to that described by Manohar
Acetal.’

The third case of false positive for malignant
soft tissue tumor was chronic inflammation
of right orbital apex (unidentified pathogen)
(Figure 2 D, E, and F). The imaging showed a small
infiltrative lesion involving left orbital apex, left
pterygopalatine fossa and left pterygomaxillary
fissure with equivocal enhancement and adjacent

bony destruction. As its aggressive behavior and
limited measurement of contrast enhancement due
to its small size, this is hard to distinguish between
tumor and aggressive inflammation.

There were two benign primary soft tissue t
umors in this study, schwannoma and nasopharyngeal
angiofibroma. The benign soft tissue tumor exhibited
100% sensitivity, specificity, accuracy, PPV, and
NPV.

In case of schwannoma, the mass epicenter at
right masticator space, extending to pterygopalatine
fossa (Figure 2 G and H). It showed heterogeneous
enhancement with bone remodeling and widening
of skull base foramina which are typical hallmarks
for benign slow growing tumor, similar to previous
described by Ty KS et al.'

Figure 2 A, B and C: A-80-year-old man with invasive aspergillosis rhinosinusitis was interpreted as
malignant soft tissue tumor. The lesion shows isodense on non-contrast CT (A) with solid contrast
enhancement (B and C) at right orbital apex and PPF with adjacent bony destruction (arrow in C).
D, E and F: A 50-year-old woman with chronic inflammation (unidentified pathogen) was
interpreted as malignant soft tissue tumor. The lesion appears as an ill-defined enhancing mass (D
and E) at left PPF (open arrow in F) and left cavernous sinus (arrow in F) with bony destruction.
G and H: A 47-year-old-woman with schwannoma was interpinted as benign soft tissue tumor.
There is a heterogeneous enhancing mass at right masticator space with bone remodeling of right
maxillary sinus (curve arrow in G) with widening of right PPF (open arrow in G) and inferior

orbital fissure (open arrow in H)
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Another benign primary soft tissue tumor
was nasopharyngeal angiofibroma, epicenter at left
posterior nasal cavity with small tumor extension
to left sphenopalatine foramen and left pterygopala-
tine fossa (Figure 3 A, B, and C). It showed typical
avid enhancement and foraminal extension. Bony
remodeling was not presented in this case due to
its small size.

There was high specificity (92.9%) but has
low sensitivity (33.3%) for primary bone tumor.
Fibrous dysplasia at pterygomaxillary bones was
correctly diagnosed which showing typical expansile
lesion, ground glass attenuation and intact bony
cortex (Figure 3 D). These findings were identical
to described by Peterson RB et al.?

The two cases of primary bone lesion that
were diagnosed as inflammatory lesion and primary
malignant soft tissue tumor, respectively. A case
of ossify fibroma (Figure 3 E and F), there was a
mixed soft tissue-calcific content lesion and the
epicenter at right ethmoid sinus and right nasal
cavity involving right pterygopalatine fossa. It
showed no definite solid enhancing portion. The
calcification in this case did not show characteristic
of osteoid or chondroid matrix. These findings could
mimic fungal infection. Another case of primary
malignant bone lesion was osteosarcoma which
interpreted as primary malignant soft tissue tumor
due to absence of osteoid matrix as stated above
(Figure 1 G, H, and I).

Figure 3 A, B and C: A 22-year-old man with nasophruyngeal angiofibroma was interpreted as benign soft
tissue tumor. There is a marked enhancing mass at left posterior nasal cavity (arrow in A and B).
It involves left sphenopalatine foramen (arrow in C) and left PPF (open arrow in C).
D: A 67-year-old woman with fibrous dysplasia at pterygomaxillry bone involving left PPF (arrow

in D) was interpreted as primary bone tumor.

E and F: A 74-year-old woman with ossifying fibroma was interpreted as inflammtory lesion. There is
an enhancing lesion (open arrow in E) at right nasal cavity involving PPF with adjacent bony destruction
(curve arrow in E). Its internal hyperdense content (arrow in E and F) mimic fungal infection.



16

Asian Medical Journal and Alternative Medicine

The group of inflammatory lesion revealed
high specificity (95.7%) but low sensitivity (66%).
There were four cases of true diagnosis, two were
fungal ball, one was invasive fungal sinusitis and the
other was sinusitis with unidentified pathogen. Two
cases of fungal ball showed high attenuating soft

% s

tissue lesion in non-contrast CT which located at
paranasal sinus with fat haziness at pterygopalatine
fossa and exhibited sclerotic wall of sinus (Figure
4 A and B), similar to that described by Manohar
Actal.?

Figure 4 A and B: 58-year-old man with fungal ball at right ethmoid sinus was interpreted as inflammatory
lesion. There is a hyperattenuating content (open arrow in A) with mucosal thickening at right
posterior ethmoid sinus (open arrow in B) with fat haziness and increased enhancement at right
PPF (curve arrow in B).

There were two cases of inflammatory
lesion (invasive fungal rhinosinusitis (Figure 2
A, B, and C) and chronic inflammation of orbital
apex, unidentified pathogen, (Figure 2 D, E, and
F) that diagnosed as malignant soft tissue tumor.
Both cases appeared as a soft tissue mass involving
pterygopalatine fossa with adjacent bony destruc-
tion which difficult to distinguish between malig-
nant soft tissue tumor and inflammatory condition,
as discussed earlier.

The limitation in our study is due to small
population size as all of the lesions involving
pterygopalatine fossa in our study arise from neigh-
bouring spaces. Thus, the lesion must be sufficient
extensive to be included in this study. There is also
scarcity of MRI in this study, so the further study
with larger population of MRI in disease involving
pterygopalatine fossa might have more information
to better evaluate the diagnostic performance.

In conclusion, CT and MRI have high
accuracy in diagnosis of the disease involving
pterygopalatine fossa in all disease categories
with high sensitivity in detection of benign and
malignant soft tissue tumor. However, CT and MRI

might show limited diagnosis (72% specificity) in
malignant soft tissue tumor, particular for the early
cancer as this disease category might have some
overlap findings with aggressive inflammatory
condition. Fungal infection is also a great mimicker
of both malignant soft tissue mass or primary bone
tumor due to their various calcified pattern and
invasiveness. Thus, radiologists should be aware
of interpreting CT and MRI of disease involving
pterygopalatine fossa.
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