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ARTICLE INFORMATION AIM: To investigate computed tomography (CT) and magnetic resonance imaging (MRI)
features of skull bases involving anti-neutrophil cytoplasmic antibody (ANCA)-associated

Article history: vasculitides (AAV).

Received 28 July 2022 MATERIALS AND METHODS: A retrospective review was undertaken to identify an institu-

Received in revised form tional historical cohort of 17 patients with confirmed AAV who underwent CT or MRI and had

2 February 2023 skull base involvement between 2002 and 2021. Two radiologists reviewed the extent and

Accepted 5 April 2023 features of the lesions, bone changes, and other MRI findings.

RESULTS: A total of 17 patients (12 men; mean age =+ standard deviation, 46.5 + 17.1 years)
were selected. AAV presented as infiltrative lesions with involvement at various sites. Most
cases involved the paranasal sinuses (PNS; 88%, 15/17), nasopharynx (88%, 15/17), pter-
ygopalatine fossa (82%, 14/17), and parapharyngeal space (82%, 14/17), frequently accompanied
by mucosal irregularity of the PNS and nasopharynx (71%, 12/17). Central skull base and
temporal bone involvement were seen in 53% (9/17) and 38% (6/16) of cases, respectively. On
T1-weighted imaging (WI) and T2WI MR], all lesions (15/15) showed predominant signal iso-
intensity to grey matter.

CONCLUSIONS: Although radiological findings of AAV are non-specific and skull base
involvement is less common, AAV may be considered if infiltrative lesions predominantly
involving the PNS, nasopharynx, pterygopalatine fossa, and parapharyngeal space with com-
bined bone changes of skull base are seen.
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Introduction

Anti-neutrophil cytoplasmic antibody (ANCA)-associated
vasculitides (AAVs) are rare diseases characterised by
necrotising vasculitis with few or no immune deposits,
predominantly affecting small vessels."” AAVs are classified
into three types: granulomatosis with polyangiitis (GPA,
previously called Wegener’s granulomatosis), microscopic
polyangiitis (MPA), and eosinophilic GPA (EGPA)."* GPA is
predominantly associated with proteinase-3 (PR3)-ANCA,
MPA is usually associated with myeloperoxidase (MPO)-
ANCA, and EGPA is characterised by asthma, eosinophilia
and, in many cases, vasculitis." Probably due to improving
survival and better case definition, the prevalence rates are
increasing, with recent studies estimating a prevalence of
300—421 per million people.*> All forms of AAV can present
with manifestations relating to small vessel vasculitic lesions
and dysfunction of any organ®; however, GPA shows more
frequent head and neck region involvement, than MPA and
EGPA. In particular, the nasal cavity and the paranasal si-
nuses (PNS) are the most common sites of involvement in
the head and neck region (85—100%) in GPA.”®

The multiple manifestations of AAV make diagnosis
challenging,® and the skull base is rarely involved in pa-
tients with GPA.”'® Several studies have reported imaging
findings of head and neck involvement of GPA,%!>19-24
among them, a few review articles have briefly com-
mented on the imaging finding of the skull in patients with
GPA.%?! To date, there has been no original article reporting
the computed tomography (CT) and magnetic resonance
imaging (MRI) findings of AAV involving the skull base.
Therefore, the purpose of the present study was to assess
the CT and MRI findings of the patients with AAV involving
the skull base.

MATERIALS and METHODS

Patients

The present study was approved by the local ethics
committee and the institutional review board (IRB), and the
requirement for informed consent was waived due to the
retrospective nature of the study (IRB number: 2021-1734).
The protocols and data reporting were performed in
accordance with STROBE (Strengthening the Reporting of
Observational Studies in Epidemiology) guidelines.”>*®

The study population was obtained from a historical cohort
of patients who were diagnosed with AAV at Asan Medical
Center between May 2002 and July 2021. AAV was diagnosed
in accordance with the 2012 international Chapel Hill
Consensus Conference”?’ and 2017 American College of
Rheumatology/European League Against Rheumatism provi-
sional classification criteria.® The inclusion criteria were':
patients who were diagnosed with AAV,” patient who un-
derwent CT or MRI of the head and neck region, and® patients
inwhom the skull base involvement was evident on CT or MRI
as determined by two neuroradiologists who were blinded to
the original radiology report. A total of 17 patients were

included in this study. The medical records of the included
patients were reviewed thoroughly. Clinical data including
age at the time of biopsy, sex, biopsy site, and ANCA pheno-
types were collected. ANCA phenotypes were divided into
MPO positive patients, PR3 positive patients, and not detected.

Image acquisition

All 17 patients underwent CT on one of several different
multidetector CT systems with 16—128 channels (Siemens
Medical Solutions, Erlangen, Germany; GE Healthcare,
Milwaukee, WI, USA). MRI was performed in 15 patients:
three patients were scanned with 1.5 T MRI (Magnetom
Vision, Siemens) with a section thickness 2 or 3 mm, and
the 12 remaining patients were scanned with 3 T MRI
(Achieva, Philips Medical Systems, Best, The Netherlands;
Ingenia, Philips Medical Systems, Best, The Netherlands).
The MRI protocol contained the following sequences: axial
T1-weighted imaging (WI), axial T2WI, coronal T1WI, cor-
onal fat-suppressed T2WI, axial fat-suppressed contrast-
enhanced T1WI, and coronal fat-suppressed contrast-
enhanced T1W], section thickness 3 mm without gap.

Image analysis

All CT or MRI studies were interpreted by two board-
certified radiologists, with 6 and 14 years of clinical expe-
rience in head and neck imaging. The radiologists reviewed
the imaging in consensus and rated the extent (involvement
of PNS, parapharyngeal space, prevertebral space, orbit,
pterygopalatine fossa, central skull base, temporal bone,
cranial cavity, nasopharynx, masticator space), bone
destruction, bone sclerosis, bone marrow signal change,
presence of soft-tissue necrosis, mucosal irregularity, and
the T1 and T2 characteristics of the lesion. The central skull
base included the sphenoid, temporal bone anterior to the
petrous ridge, multiple foramina and fissures (foramen
ovale, foramen spinosum, foramen rotundum, foramen
lacerum, superior orbital fissure, inferior orbital fissure,
optic canal, carotid canal and vidian canal).?>*? As the
contiguous spread of granulomatous tissue from adjacent
sites was considered as a mechanism of CNS involvement,
involvement of the pituitary gland or dura adjacent to the
central skull base was classified as cranial cavity involve-
ment.>! Bone destruction and sclerosis were determined by
CT findings, and bone marrow signal changes were detected
using TIWI from MRI. The presence of soft-tissue necrosis
was defined as the non-enhancing soft-tissue portion in the
lesion, which was determined using fat-suppressed
contrast-enhanced TIWI from MRI. Mucosal irregularity
was defined as the observation of air inside the sub-
epithelial layer with ulceration in the mucosa.

RESULTS

Patient characteristics

A total of 17 patients were selected as the study popu-
lation (12 men and five women; mean age + standard
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deviation, 46.5 + 17.1 years; range, 15—70 years). All pa-
tients underwent serological ANCA testing (three were
MPO-positive, 13 were PR3-positive, and one case was not
detected). The patient who did not have a positive ANCA
test showed a compatible clinical phenotype confirmed by
tissue biopsy and was therefore included in the present
study as ANCA-negative GPA. Among the three patients
with MPO-positive results, two patients satisfied the GPA
criteria while one patient satisfied the MPA criteria (case
number 17). The other patients with PR3-positive results
satisfied the GPA criteria. The baseline patient characteris-
tics are shown in Table 1.

Imaging features

The imaging findings of patients are indicated in
Table 1. AAV showed infiltrative lesions at various sites.
The majority of cases showed PNS (88%, 15/17), naso-
pharynx (88%, 15/17), pterygopalatine fossa (82%, 14/17),
and parapharyngeal space (82%, 14/17) involvement.
Central skull base involvement was shown by 53% (9/17)
of the patients, intracranial involvement by 41% (7/17),
and temporal bone involvement by 38% (6/16; Figs 1 and
2, Electronic Supplementary Material Fig. S1). All patients
with intracranial involvement had central skull base or
temporal bone involvement and most cases (6/7) of
intracranial involvement showed dural thickening adja-
cent to the skull base lesion. Among the patients with
temporal bone involvement, five cases showed membra-
nous labyrinth involvement on MRI (Fig 1). Three of five
patients with membranous labyrinth involvement
showed diffuse enhancement, while the others showed
focal nodular enhancement. The involved sites included
the vestibule for all patients (5/5), cochlear for 60% (3/5),
and semi-circular canal for 40% (2/5). Four of five patients
showed bilateral membranous labyrinth involvement,
while one showed unilateral involvement. Involvement of
the orbit, prevertebral space, and masticator space were
seen in 59% (10/17), 47% (8/17), and 18% (3/17) of patients,
respectively.

CT revealed bone destruction in 65% (11/17) and bone
sclerosis in 71% (12/17) of patients (Figs 1 and 2, Electronic
Supplementary Material Fig. S1). In MRI, 67% (10/15) of the
patients showed bone marrow signal changes (nine cases
with iso-intensity and one case with low signal intensity on
T1WI). Soft-tissue necrosis was observed at MRI in 40% (6/
15, Fig 1) of the patients, in the nasal cavity, nasopharynx,
parapharyngeal space, and masticator space. All lesions (15/
15) showed predominant signal iso-intensity to grey matter
on TIWI and T2WI. Changes in the mucosa of the PNS and
nasopharynx was frequently accompanied by mucosal ir-
regularity (71%, 12/17; Fig 1).

Discussion

The present study reports the CT and MRI findings of AAV
involving the skull base. The present series showed that
cases of AAV involving the skull base included a wide range
of lesions that mostly involved the PNS, nasopharynx,

Table 1

Demographic and imaging features of patients with anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitis.

Other MRI findings

Bone changes

Extent

Paranasal Parapharyngeal Prevertebral Orbit Pterygopalatine Central skull Temporal Cranial Destruction Sclerosis Signal intensity Signal intensity Soft tissue

ANCA

No Sex Age Biopsy site

necrosis

on TIWI

Iso
Iso

on T2WI

cavity

bone

base

fossa

space

space

sinuses

Iso to high
Iso to high

PR3

59 Nasal cavity
2 M 56 Nasal cavity

F

Not

detected
PR3
PR3

+
+
PR3 +
+
+
+

6 M 40 Left foot dorsum PR3

7 M 52 Nasal cavity
8 M 70 Nasal cavity

PR3
PR3

M 35 Lung
4 M 15 Nasal cavity
5 M 49 Kidney

3

NA

PR3
PR3

Kidney
10 M 58 Lung

9 M 38

Iso

Iso to high
Iso to high
Iso to high

NA

Iso

Iso
Iso
NA

Iso

MPO
PR3

15 Nasal cavity
12 M 22 Nasal cavity

11 M

NA

PR3

26 Nasal cavity

62 Lung
52 Dura

13 F

NA

PR3

14 F

Iso

Iso

MPO
PR3

15 F

Iso

Iso

38 Kidney

16 F
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Iso

Iso

MPO

Kidney

17 M 61

MRI, magnetic resonance imaging; ANCA, anti-neutrophil cytoplasmic antibody; PR3, predominantly associated with proteinase-3; MPO, myeloperoxidase; T2WI, T2-weighted imaging; TIWI, T1-weighted

imaging.
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Figure 1 A 38-year-old woman with PR3-positive AVV. (a) Unenhanced CT image showing the mucosal irregularity in both nasal cavities. (b) The
involved mucosa shows iso-to low signal intensity on the axial T2WI image. (c) Contrast-enhanced fat-suppressed coronal T1-weighted image
shows adjacent dural thickening at the right side (arrows) and a non-enhancing necrotic portion in the parapharyngeal space (asterisk). (d) Axial
T1-weighted and (e) contrast-enhanced fat suppressed T1-weighted images show perilesional bone marrow signal change (arrows) in clivus and
petrous apex around the soft-tissue necrosis (asterisk). (f) Contrast-enhanced fat-suppressed axial T1-weighted image shows enhancement
along cochlear and vestibule, suggesting AVV involvement of the membranous labyrinth.

Figure 2 A 15-year-old woman with PR3-positive AVV. (a) Unenhanced CT axial image shows sclerotic changes of the bone (arrows). (b)
Contrast-enhanced fat-suppressed axial T1-weighted image shows infiltrating soft-tissue lesion involving both PNS, parapharyngeal space,
prevertebral space, orbit, pterygopalatine fossa, and masticator space. (c) Contrast-enhanced fat-suppressed coronal T1-weighted image shows
adjacent dural thickening at bilateral side with more severe feature on left side (arrows). (d) Coronal T2-weighted shows involvement of orbit at

extraconal and intraconal space.

pterygopalatine fossa, and parapharyngeal space, and were
frequently accompanied by mucosal irregularity of the PNS
and nasopharynx. Central skull base and temporal bone
involvement were seen in 53% (9/17) and 38% (6/16) of
patients, respectively.

It is well known that skull base involvement in GPA
commonly results from direct extension of the neighbour-
ing granulomatous sinonasal or orbital lesions.® Lee et al."®
observed that the lesions in skull base involvement in GPA
AAVs were mostly located in the parapharyngeal space
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which could also involve the Eustachian tube. Similar to
these previous studies, involvement of the PNS and para-
pharyngeal space was observed in the majority of cases in
the present study. The other forms of AAV, MPA and EGPA,
rarely involve the skull base.'®>? In the present study, only
one case was classified as MPA, but showed no involvement
of the PNS, nasopharynx, or parapharyngeal space.

Sinonasal involvement of the AAV can cause serous otitis
media by obstruction of the Eustachian tube.® The inner ear
structure may be involved by AAV if granulation of the
middle ear cavity spreads to the inner ear.>’ Previous
studies®***° have described the radiological features of the
involved inner ear as enhancing lesions in four cases, except
for one case, which was examined without contrast media.
Similar to these results, the present study showed 33% of
patients with AAV had enhancement of the membranous
labyrinth on MRI, suggesting destruction of the
blood—labyrinthine barrier in the inner ear.

A previous study has reported that the imaging features
of the sinonasal involvement of AAV, in particular in GPA,
included bone destruction, sclerosis, and mucosal thick-
ening.® Benoudiba et al. demonstrated that nodular thick-
ening of PNS mucosa on the CT was seen in the patient with
GPA." Similarly, in the present study, 71% of patients with
AAV showed mucosal irregularity on MRI. The histopatho-
logical features of AAV include necrosis and inflammation of
the small vessels, and is sometimes associated with
thrombosis.® In GPA, granulomatous inflammation and
areas of necrosis are often confluent, with a “geographic”
appearance at low magnification.! The “geographic”
appearance including microscopic necrosis could be seen as
mucosal irregularity on MRIL

Skull base osteomyelitis (SBO) is a potential differential
diagnosis for AAV. Key areas for typical SBO include the bony
external auditory canal, mastoid tip, temporomandibular
joint, petrous apex, petro-occipital fissure, foramen lacerum,
jugular foramen, and clivus. From a pathophysiological
perspective, typical SBO would appear asymmetrical. Lee
et al. demonstrated that GPA more frequently showed a
parapharyngeal epicentre, homogeneous contrast enhance-
ment, and the absence of necrosis compared with SBO."> The
frequent incidence of a parapharyngeal epicentre, as
observed by Lee et al, is similar to the present findings (the
incidence of parapharyngeal involvement in this study was
82%[14/17]), whereas the incidence of necrosis differs. In the
present study, necrosis was commonly observed at MRI in
AAV (40%). This difference may have occurred because the
present study used histopathological confirmation as the
reference standard, which can cause selective bias.

The differential diagnosis of AAV includes nasopharyn-
geal tumours, such as nasopharyngeal carcinoma and
nasopharyngeal lymphoma. The important MRI findings to
differentiate AAV from nasopharyngeal carcinoma were a
parapharyngeal epicentre, a poorly defined margin, and
dural involvement."® Nasopharyngeal non-Hodgkin's lym-
phoma (NPNHL) can also involve the skull base, but they
more often spread along the pharynx into the nasal cavity
or tonsils, rather than extending into the parapharyngeal
space or infiltrating superiorly into the skull base.>”® The

typical imaging feature of NPNHL is a symmetrical and
diffuse exophytic tumour that can extend into nasopha-
ryngeal airway without obvious central necrosis, which
differs from the findings of AAV>7739: however, nasopha-
ryngeal T-cell or natural killer/T-cell non-Hodgkin’s lym-
phomas show a higher incidence of invasion of the nasal
cavity and PNS than B-cell lymphomas, which is a finding
more similar to AAV.>® Although rare, Rosai—Dorfman dis-
ease can also involve the skull base.*’ Both Rosia—Dorfman
disease and AAV involve the dura, but the most common
radiological finding in intracranial Rosai—Dorfman disease
is an enhancing dural-based mass, which differs from the
infiltrative features of AAV.*%4!

Limitations of the present study include its small sample
size and retrospective nature, which may introduce selec-
tion bias due to the rarity of this condition. Patients with
confirmed skull base involvement were included in the
study and selection bias due to this was unavoidable. Pa-
tients were enrolled from a tertiary referral hospital over a
decade, which indicates the rarity of the presentation,
which is a limitation to the power of the study. Second, the
study was designed to investigate AAV involving the skull
base, but the majority of cases were GPA and only one case
of MPA was included in the study. In AAVs other than GPA,
head and neck involvement is rare. In particular, according
to the MPA criteria, if there is bloody nasal discharge, ulcers,
crusting, congestion, or blockage, and septal defect/perfo-
ration, the diagnostic possibility is decreased (score: —3),?
which makes it difficult to find patients who are diagnosed
as MPA with head and neck involvement.

In conclusion, the present case series revealed that an
image finding of AAV involving the skull base mostly ap-
pears as an infiltrative lesion predominantly involving the
PNS, nasopharynx, pterygopalatine fossa, and para-
pharyngeal space. It is frequently accompanied by mucosal
irregularity and bone change. The presence of soft-tissue
necrosis or membranous labyrinth involvement was not
rare. Although the radiological findings are non-specific and
skull base involvement of AAV is less common, identifying
the imaging finding of AAV with skull base involvement and
correlation with laboratory results and clinical features can
be helpful for diagnosis of AAV.
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