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Introduction

Acute rhinossinusitis (ARS) is defined as a symptomatic
inflammation of the nasal fossa and paranasal sinuses.' Its
diagnosis is clinical and defined as the presence of at least
two of the following symptoms: nasal obstruction, anterior
or posterior nasal discharge, headache or facial pain and
hyposmia.’

Complicated ARS, which accounts for a minority of
cases, is mostly of bacterial etiology, with the most com-
mon causative agents being Streptococcus pneumoniae,
Haemophilus influenza and Moxarella catarrhalis’’ .

There is a subgroup of patients where ARS can assume an
aggressive and rapidly progressive status, whose main patho-
logical agent is fungal and not bacterial (invasive fungal
rhinosinusitis, IFRS).>* It occurs mostly in elderly immuno-
compromised patients with poorly controlled diabetes.”
Patients with AIDS, with a surgical or oncologic history, or
patients in treatment with biologics are also at risk for IFRS
and therefore should be approached with a high degree of
suspicion. This subtype of ARS has a particular clinical and
radiological presentation® whose description is beyond the
scope of this paper.

Regarding bacterial ARS, its diagnosis is established
when, in the setting of ARS, purulent nasal discharge, local-
ized facial pain, high fever or ‘‘double-peak pattern’’ is
present.

From a practical standpoint, we can consider ARS as
complicated when the sinonasal infection spreads beyond
the sinonasal bony confines. Although antibiotic use has
decreased the incidence of these complications, host fac-
tors, bacterial pathogenicity and late presentation continue
to adversely impact the outcome of sinonasal infections.?

ARS complications occur more commonly in male pedi-
atric patients (1 in 12000 vs 1 in 36 000 adults) with orbitary
complications accounting for the majority of treated
patients (60-75%), followed by intracranial (15-20%) and
osseus complications (5-10 %).¢

The extension of infection to adjacent structures can
occur by way of direct bone penetration, either across
congenital dehiscent regions of the orbital wall, through-
out acquired bone dehiscence (trauma or previous surgery),
across the anterior or posterior ethmoidal foramen, or
by means of thrombophlebitis of the ophthalmic venous
system.?

ARS is a clinical diagnosis, however, as will be further
shown, imaging plays a key role when there is a suspicion of
a complication.?

This paper aims to be a useful pictorial review, with
clinical and imagiological correlation of the most common
complications in ARS in both children and adults, to pro-
vide radiologists with relevant clinical data and highlight
the most important imaging findings.

Imaging considerations

Uncomplicated ARS usually does not require imaging evalu-
ation, although CT of the paranasal sinuses, mainly without
intravenous contrast, is usually appropriate in cases of pos-
sible surgical candidates, namely in the setting of recurrent

cases.” In fact, CT is considered the mainstay of surgical
planning,® mainly due to its high-spatial resolution, allow-
ing excellent delineation of bone anatomy, namely of the
ethmoidal sinuses, osteomeatal complex and anatomic vari-
ations that increase surgical risk.?” Thus, CT images provide
an anatomical roadmap that should always be available in
the operating room. New technologies such as intraopera-
tive navigation systems have been increasingly used and are
strongly recommended, whenever available.’

Moreover, contrast-enhanced CT (ceCT) plays a vital
role towards the clinical suspicion of ARS complications.
Although MRI presents a high accuracy in the identifi-
cation and characterization of orbital and intracranial
complications, CT frequently is the only cross-sectional
imaging technique available in the emergency setting.>’” CT
is also useful as a complement to MRl when better bone
definition is required.’” It should be kept in mind that CT
uses ionizing radiation, an important concern especially in
children. However, low dose and ultra-low dose acquisition
techniques are now available, allowing a great reduction in
the ionizing radiation, with calculated effective doses as low
as 0,045 mSy (8 times lower than standard protocol), without
compromising its diagnostic ability. '

In the setting of high clinical suspicion of intraorbital
and intracranial complications, MRI with and without intra-
venous contrast is most appropriate, due to its excellent
soft-tissue resolution.?” However, its limited availability and
need for sedation in pediatric patients may impair its use.
From a practical stand point, the fact that most of these
complications are approached in emergency setting (where
MRI is often not readily available) makes ceCT the most
performed first-line imaging modality by far.?*

A standard recommended CT protocol includes images
obtained with submilimeter slice thickness®®'? with (if
complications are clinically suspected and MRI cannot be
performed) or without (if the goal is surgical planning)
intravenous contrast, with a maximum of 1,5-mm thick
reconstruction in the axial, sagittal and coronal planes, using
both bone and soft-tissue filter algorithms."

When using ceCT, dual-phase CT is not usually required.’
and images are acquired 2 min after injection of 100 ml of
iodinated contrast?; in children aged more than 2 years,
2 mL/kg body weight after the age of two years should be
used.™

Exposure settings usually recommended for standard pro-
tocols are 120kVp and 55 mAsZ. although these settings can
be adjusted in low-dose protocols (further information can
be found, among others, in the works of Hagtvedt,> Bulla, '
Hoxworth,"” Bodelle'?).

MRI protocol>’ should include T1, T2-weighted images
(WI) and DWI. Fat-saturated T2WI is also useful to
detect inflammatory changes>'? and fluid attenuated
inversion recovery (FLAIR) images are needed in cranial
examinations.? ' Contrast-enhanced fat-saturated T1WI are
also indicated whenever an orbital or intracranial ARS
complication is suspected.>'?'3 Images are acquired after
administration of 0.2ml/kg body weight of gadolinium-
based contrast agent.'® A field of view of 13-15cm is usually
sufficient. Slice thickness should be 3 mm, with an interslice
distance of 1 mm. Imaging acquisition in the three planes is
recommended.? 3
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Table 1 Chandler’s classification system.

Group | Inflammatory edema (preseptal cellulitis)
Group Il Orbital cellulitis

Group Il Subperiosteal abscess

Group IV Orbital abscess

Group V Cavernous sinus thrombosis

Orbitary complications

All paranasal sinuses share boundaries with the orbit, making
it the most common place for contiguous spread of sinonasal
infectious processes.®' The ethmoidal sinus is the most
frequently implicated sinus in this type of complications,
followed by the maxillary, and frontal sinus." Orbitary
complications occur in 6% of cases of ARS, more commonly
in the pediatric population.?

Chandler® described these complications as a progression
of the infectious process through the orbital region, which
correlates with a progression of its severity arranged into
five categories, described in Table 1.

Preseptal and orbital cellulitis are usually treatable
with medical therapy alone, namely intravenous antibio-
therapy and corticosteroid.'> Nevertheless, more severe
complications (Chandler 3, 4 and 5) usually require sur-
gical drainage coupled with intravenous antibiotherapy,’
although medical treatment alone may be successful in
selected cases of subperiosteal abscess.?’

With early treatment, orbital complications have a good
prognosis, although some symptoms, such as proptosis or
orbitary edema, could take up to two to three months to
fully recede.?

Differently from the above, septic cavernous sinus
thrombosis is associated with a poor prognosis. In the prean-
tibiotic era SCST was considered universally fatal (80-100%).
Nowadays, although the overall incidence, morbidity, and
mortality have greatly declined with the introduction of
antibiotics, mortality rates still remain as high as 8% in
children?' and up to 30% in adults." Moreover, SCST accounts
for important morbidity associated with damage of struc-
tures that traverse or are in close relation to the cavernous
sinus, including cranial nerves (CN) I, I, IV, V1, V2 and
VI, internal carotid artery, ophthalmic veins and the optic
quiasm.?' Thus, prompt diagnosis and early treatment is
essential to avoid its fatal outcome and other ominous con-
sequences.

Preseptal cellulitis

Preseptal cellulitis, consists of inflammatory edema of the
eyelid and is the most common complication of ARS in chil-
dren. Progression to abscess or cutaneous fistula is rare
due to the protective effect of the orbital septum, which
acts as a barrier to the spread of infection.? Clinically, it
presents as palpebral swelling and erythema, without ocular
symptoms.?

CT shows thickening and densification of the eyelid,?'?
with no changes in the postseptal area, namely extraocu-
lar muscles, postseptal fat and lacrimal glands (Fig. 1)."?
Although rarely performed in the emergency setting, MRI

Figure 1 Preseptal cellulitis: Axial unenhanced CT image,
soft tissue window, shows thickening and fat densification of
the right eyelid (arrow), without any changes in the postsep-
tal (asterisks). Complete opacification of the right ethmoidal
cells is also seen, confirming the clinical diagnosis of acute
rhinosinusitis.

presents high signal intensity of the eyelid on fluid sensi-
tive images, with corresponding hypointense reticulation on
T1WI and enhancement after gadolinium administration.'?

In the rare cases of abscess formation, a fluid collection
with peripheral enhancement will be seen in both CT and
MRI.% 12

Orbital cellulitis

Orbital cellulitis results from extension of the infectious pro-
cess to the orbital soft tissues, with bacterial proliferation
and inflammatory tissue in the intra-orbital fat.?

Clinically, this manifests as fever, palpebral swelling,
ophthalmoplegia, pain with eye movements, chemosis and
even proptosis. Although rare, it can lead to elevated intra-
ocular pressure and progressive vision loss.??2

CT shows intraorbital fat densification, involving extra-
conal and/or intraconal structures, frequently in association
with preseptal cellulitis (Fig. 2A-C).>* MRI is also very sen-
sitive to detect inflammation, mainly with fluid-sensitive
sequences, as fat-saturated T2WI, where high signal inten-
sity is usually easily recognized (Fig. 2D). MRI may also
help in the differential with lymphoproliferative disorders,
where DWI plays a major role,?'? since high cellular lesions
(as lymphoproliferative disorders) are typically hyperintense
on DWI and hypointense on ADC map, while inflammatory
changes do not present restricted diffusion.”® Contrast-
enhanced images (both CT and MRI) show enhancement
without discrete fluid collections.

Subperiosteal abscess

Subperiosteal abscess is defined as a purulent accumula-
tion between the bone and its periosteum, most frequently
affecting the medial or superior orbital walls.'? Patients
present with chemosis and, less frequently, proptosis and
ophthalmoplegia. Visual impairment is not frequent at this
stage.>?*
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Figure 2  Orbital cellulitis: Axial (A) and coronal (B) non-enhanced CT images, soft tissue window, present opacification of the
ethmoid and maxillary sinuses bilaterally, associated to mild proptosis and densification of the left pre- and postseptal fat (arrow and
asterisks, respectively), in keeping with preseptal and orbital cellulitis. Note that the orbital fat densification occurs predominantly
alongside the lamina papyracea and orbital roof. No fluid collections are seen. (C) Coronal non-enhanced CT images, soft tissue
window, of another patient demonstrate opacification of the right ethmoidal cells, associated to postseptal fat-stranding and
enlarged ill-defined medial and inferior rectus muscles (white arrow), suggestive of periorbital cellulitis with myositis. (D) Axial
fat-saturated T2WI of a different patient shows thickening and hyperintensity of the preseptal fat (white arrow) and high signal
intensity in the intraconal and extraconal orbital fat (arrowheads), without discrete collections.

Figure 3 Subperiosteal abscess: (A) Axial non-enhanced CT images, soft tissue window, present opacification of the right ethmoid
and sphenoid sinuses, associated to preseptal and orbital cellulitis, with more pronounced fat densification adjacent to the medial
orbital wall (white arrows) and irregularity of the lamina papyracea contour, in keeping with early subperiosteal abscess formation.
(B) Axial ceCT, soft tissue window, of a different patient shows opacification of the left ethmoidal cells and a conspicuous rim-
enhancing crescent-shaped collection (yellow arrows), forming obtuse angles with the adjacent medial orbital wall. Coronal SPAIR
(A) and post-contrast fat-saturated T1WI (B), axial DWI (C) and ADC map (D) of another patient show mucosal thickening and filling
of the maxillary and ethmoid sinuses bilaterally, associated to a rim-enhancing fluid collection (dotted arrows), adjacent to the
medial orbital wall, with restricted diffusion, compatible with subperiosteal abscess.
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CT findings can be subtle, with only minimal densifica-
tion of the fat adjacent to the medial or superior orbital
wall associated with a fluid-filled paranasal sinus (Fig. 3A).?
With progression, a crescent-shaped collection will become
conspicuous, demonstrating rim enhancement and obtuse
angles with the orbital wall (Fig. 3B).>* Contrast-enhanced
MRI can also clearly depict subperiosteal inflammatory
changes, that present high signal on fat-saturated T2 and
hyperenhancement (Fig. 3C).? If a conspicuous collection is
present, rim-enhancement will be seen (Fig. 3D). DWI is a
useful tool in the detection of abscesses, wherever the loca-
tion, due to the typical restricted diffusion of the purulent
content (Fig. 3E-F).>2%*

Orbital abscess

Differently from the latter complication, orbital abscess
consists of purulent accumulation within the orbit, emerging
as a complication of orbital cellulitis or ruptured subpe-
riosteal abscess, and is most often located in the extraconal
compartment.???

In this setting, ocular symptoms are more evident, fre-
quently with proptosis and ophthalmoplegia, which can lead
to rapidly progressive vision loss.?

At this stage, ceCT demonstrates a fluid collection with
sharp angles with the orbital wall (Fig. 4A and B). Regardless
of location, abscesses present on ceMRI as rim-enhancing T1
isointense/T2 hyperintense fluid-collections with restricted
diffusion (Fig. 4C).?

Cavernous sinus thrombosis

SCST is a rare, yet severe, process typically arising from
infections of the paranasal sinuses and less commonly, oto-
genic, odontogenic, and pharyngeal sources.?

It may be considered an orbital or intracranial compli-
cation, resulting from retrograde thrombophlebitis of the
ophthalmic vein or direct extension of sphenoidal sinusitis.’

Clinical symptoms of SCST arise from orbital venous
drainage obstruction and compression of the CN within the
cavernous sinus, resulting in proptosis, chemosis, ptosis and
diplopia, with the latter two symptoms caused by affliction
of CN I, IV and VI.>

Rarely, SCST can progress to septic thrombophlebitis of
the internal jugular vein. If bacteriemia occurs, infection
can spread hematogenously, leading to septic emboli, most
frequently in the lungs, a condition known as Lemierre’s
syndrome.?®

Imagiological signs of cavernous sinus thrombosis can be
difficult to recognize. Non-enhanced CT can be normal,
although a high-density thrombus is seen in the affected
cavernous sinus in about 25% of cases.”? On non-enhanced
MRI, thrombus can be represented as absent flow voids, and
present different signal intensities depending on its tempo-
ral evolution and the age of the thrombus.??’

Indirect signs suspicious for thrombosis include cav-
ernous sinus (and occasionally superior ophthalmic vein)
enlargement and convex contour, intraorbital fat densifica-
tion, proptosis and enlargement of extraocular muscles. '
Cavernous sinus asymmetry is an important clue (Fig. 5),
however not useful in case of bilateral thrombosis.

Ideally, the presence of filling defects representing
the occluding thrombus is demonstrated on either ceCT
(Fig. 5A) or contrast-enhanced MRI, although MRI is con-
sidered superior.'” On ceCT, care should be taken not to
misinterpret filling defects as fatty deposition (a normal
finding), and vice versa.?

Clearly depict filling defects can be challenging (Fig. 5B).
Indirect signs should always be pursued, namely those
described above for the unenhanced imaging studies,
which along with the appropriate clinical context allow
for the diagnosis of cavernous sinus thrombosis.?” Associ-
ated dural enhancement along the lateral margin of the
sinus (Fig. 5C)%'2 and superior ophthalmic vein thrombosis
(Fig. 5D) also reinforce this diagnosis, the latter suggesting
a retrograde spread.?

Osseous complications — osteomyelitis

Osteomyelitis constitutes about 9% of ARS complications,?
and occurs mainly due to extension of frontal sinusitis to the
diploic region of the frontal bone. The infectious process can
spread into osseous structures both by direct extension or
through means of venous drainage, as frontal sinus mucosal
veins drain into diploic veins.?®

When affecting the posterior wall of the sinus, it may
lead to an epidural abscess or progress to other intracranial
and intraparenchymal complications.?” Once again, venous
drainage may play a role, as the valveless diploic veins com-
municate with the dural venous system.?®

If the infection involves the anterior wall, it can result
in a subperiosteal abscess, presenting clinically as a frontal
tumefaction named Pott’s puffy tumor (PPT) that can
fistulize to the skin. PPT is a very rare entity in the post-
antibiotic era, occurring mostly in the adolescent age group
and showing a clear male predominance Although rare, PPT
should be promptly recognized, as it is frequently associated
with intracranial complications (reported rates ranging from
29% to 85%), which can be asymptomatic in the early stages
and may develop during intravenous antibiotherapy Thus,
when suspecting PPT, imaging should be performed both at
diagnosis and during the course of treatment.?®

Less commonly, ARS may cause central skull base
osteomyelitis (SBO), typically involving the clivus, usually
seen in the setting of sphenoidal or ethmoidal invasive
sinusitis.?

Typically, patients with osteomyelitis in the setting of ARS
present with headache, fever, purulent rhinorrhea, perior-
bital swelling and forehead tumefaction.

CT is usually the first imaging modality in the emergency
setting.*3° It confirms the presence of ARS, with opacifica-
tion, mucosal thickening and air-fluid levels in the sinuses,
and is the modality of choice to depict cortical bone ero-
sions and/or trabecular demineralization, the main signs of
osteomyelitis (Fig. 6B and E).3’

When the anterior wall of the frontal bone is involved, CT
can also show thickening and densification of the forehead
soft-tissues®? or even a conspicuous fluid collection with
peripheral enhancement in cases of subperiosteal abscess
formation (Fig. 6C and D).

MRI allows superior soft-tissue evaluation and should be
used to assess intracranial or intraorbital complications.
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Figure 4 Orbital abscess: Axial (A) and sagittal (B) non-enhanced CT images, soft tissue window, present opacification of the
left ethmoidal cells, associated to severe proptosis and a fluid collection with sharp angles with the orbital roof, in keeping with
an orbital abscess. (C) Sagittal T2-weighted images of another patient shows a discrete fluid collection in the orbital roof (white
arrow) associated to extensive orbital inflammatory changes and maxillary occupation (not shown).

Figure 5

Cavernous Sinus Thrombosis: (A) Coronal enhanced-CT, brain window, and (B) post-contrast T1WI shows sphenoid sinus

opacification and cavernous sinuses asymmetry, due to enlargement of the right side (arrows), which presents a convex contour,
suggestive of thrombosis. On CT, filling defects on the right cavernous sinus are also seen, although less evident on MRI, due to
thrombus high T1-signal. Axial post-contrast fat-saturated T1WI in two levels (C and D) in a different patient demonstrate left
sphenoid sinus filling and mucosal thickening, associated to asymmetric enlargement, convex contour and enhancement of the
lateral margin of the left cavernous sinus, as well as enlargement and partial occlusion of the ipsilateral superior ophthalmic vein
(white arrow; arrowhead showing the normal right superior ophthalmic vein), in keeping with cavernous sinus thrombosis, probably

due to retrograde spread.

Osteomyelitis with bone marrow involvement can also be
depicted on MRI, as high signal intensity on short tau inver-
sion recovery (STIR) and, consequently, loss of the normal fat
high-signal on T1WI and, as well as heterogeneous enhance-
ment on post-contrast images (Fig. 7B-D).>'" Progression
may lead to necrosis and abscess formation, which will
present as a rim-enhancing fluid collection with restricted
diffusion."34

In the rare cases of SBO, signal abnormalities will be cen-
tered to the sphenoid bone and clivus (Fig. 7B-D), although
they can extend to the petrous apices; associated symmet-
ric thickening and edema of preclival soft-tissues may also
be seen.’

Regarding treatment response, imaging re-assessment
will show improvement of soft-tissue findings, although
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Figure 6 Frontal bone osteomyelitis: Axial ceCT, bone window (A) soft-tissue window (B), show frontal sinus opacification and
cortical erosion of the posterior wall of the frontal bone, in keeping with osteomyelitis. Posteriorly to the cortical bone erosions,
there is linear hyperenhancement (arrowhead), without obvious fluid collections, suggestive of focal meningitis. Sagittal (C) and
axial (D and E) ce-CT, soft-tissue window (C and D) bone window (E) of another patient, show frontal sinus opacification associated
with frontal tumefaction corresponding to a subperiosteal abscess (Pott’s puffy tumor). Bone window allows easy identification of
cortical erosions in the anterior wall of the frontal bone, in keeping with osteomyelitis (arrows).

Figure 7 Clivus osteomyelitis: (A) Sagittal non-enhanced CT, bone window, demonstrates extensive cortical bone erosion and
trabecular bone demineralization of the clivus and sella turcica. Sagittal fat-saturated T2WI FLAIR (B), pre-contrast T1WI (C) and
post-contrast T1WI (D) shows high T2-signal, low T1-signal and heterogeneous enhancement of the clivus adjacent to the sphenoid

sinus, in keeping with central skull base osteomyelitis.

bone abnormalities may take several weeks to clear up on
imaging.3"3®

The prognosis is usually good, if diagnosed and treated
early.>?8

Intracranial complications

With the exception of cavernous sinus thrombosis, the
frontal sinus is the most frequent origin site of intracranial
complications.’

The sinus infection can extend to the intracranial
compartment directly through bony dehiscences or by
means of osteitis, followed by osteomyelitis, epidural
empyema, subdural empyema, meningitis, cerebritis and,
ultimately, cerebral abscess.? Thus, the primary intracranial
complications are epidural and subdural empyemas, both
presenting as extra-axial fluid collections, whose distinction
may be challenging.?

In contrast to CT, MRI performs better in detection, local-
ization and characterization of intracranial collections as
well as parenchymal changes, allowing for earlier diagno-

sis of these complications and a more reliable distinction
between them.?

Intracranial complications are more frequent in the sec-
ond and third decades.” Clinical manifestations include
severe headache, photophobia, seizures, or focal neurologic
findings.?

Treatment of intracranial complications requires sinus
drainage, allied with neurosurgical intervention if empyema
or brain abscess are present.’

Epidural empyema

This complication results from the accumulation of pus
between the skull and the dura-mater, mostly caused by con-
tiguous infection spread from adjacent bone.* It is almost
exclusively derived from frontal sinusitis, due to the poor
adhesion of the dura onto the frontal wall of the anterior
fossa. Although extradural by definition, it should be noted
that epidural empyema frequently occurs in association with
or immediately previous to the development of a subdural
empyema.®’
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Figure 8

Epidural empyema: Axial T2WI (A), post-contrast T1WI (B and F), DWI (C) and ADC map (D) show two rim-enhancing

extra-axial fluid collections, one with biconvex morphology, suggestive of epidural empyema (yellow arrows in A-D). Note the
hypointense rim at the interface with the brain in epidural empyema (white arrowhead), representing the displaced dura, and the
marked restricted diffusion (C and D), indicative of purulent content. Cerebral edema is also seen (yellow arrowhead), probably

due to mass effect.

Clinically, it courses with mild symptoms, headache and
fever, with minimal or absent neurological symptoms, as
dura mater is still acting as a barrier between the infection
and the brain parenchyma.*

Imaging shows a biconvex fluid collection with strong
rim-enhancement, better depicted on MRI than CT (Fig. 8A
and B).? This lesion does not cross suture lines, although it
may extend across the midline in the frontal region. Due
to its frequent association with frontal sinusitis, epidural
empyema may be differentiated from subdural empyema
when it crosses the midline, anteriorly to the falx cerebri.?3¢
Moreover, epidural empyemas usually exhibit a hypointense
rim at the interface between the collection and the brain
on both T1 and T2WI (Fig. 8A), that stands for the displaced
dura.?”>*® The presence of fluid with restricted diffusion on
MRI is highly suggestive of purulent content (Fig. 8C and
D) and helps in the differential with sterile fluid-containing
lesions.?

Epidural empyema is frequently associated with
osteomyelitis that, in the setting of rhinosinusitis, occurs
mostly in the frontal bone. Thus, the overlying tissues
should be evaluated for the presence of abscesses, such as
Pott’s puffy tumor or cutaneous fistula.

Careful evaluation of the underlying meninges is essential
to identify signs of meningitis. Although dura mater func-
tions as a natural barrier, cerebral edema can be present
due to mass effect (Fig. 8A).38

Subdural empyema

Subdural empyema consists of purulent content located
between the dura and arachnoid. It represents 10% of
intracranial complications of rhinosinusitis and is frequently
caused by frontal sinusitis, followed by ethmoidal and
sphenoidal sinusitis.> The progression of infection occurs

mainly by thrombophlebitis of the emissary veins to the
subdural space, although direct extension may also play a
role.3%37

Conversely to epidural empyema, in subdural empyema
there is no dura acting as a barrier between the infec-
tious process and the brain tissue. Moreover retrograde
phlebitis can reach the cortical veins, leading to edema and
infarction, and creating a direct spreading route for the
infectious process.>”* Thus, subdural empyema is consid-
ered a neurosurgical emergency, characterized by a rapid
progression.“°

Clinically, there is rapid deterioration of the patient’s
neurologic status, with high fever, headache, neck stiff-
ness and focal neurological deficits. Clinical symptoms
overlap with those of meningitis,*® thus imagiological
evaluation is mandatory to detect extra-axial fluid collec-
tions.

Imaging typically shows a crescentic fluid collection
with peripheral enhancement, not crossing the midline and
located on one side of the falx.>*® MRI is the modal-
ity of choice to detect both subdural empyema and its
complications.3%3” Parenchymal edema and early cerebral
abscess formation present as areas of increased signal
intensity on water-sensitive sequences.? DWI should not
be overlooked, as it allows easier identification of a
small empyema, often difficult to recognize on the other
sequences, and aids in differentiation between sterile sub-
dural effusions and true empyemas.*’

Towards a subdural empyema, immediate intervention
should be performed with drainage of both the empyema
and the involved sinuses, in order to prevent and restrict cor-
tical damage as well as developing neurologic deficits.>”4
Antibiotherapy with CSF penetration is the mainstay of
treatment and should be promptly started.** Mortality
ranges from 20 to 35%, with a lower rate in children.*
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Figure 9

Cerebral abscess: Axial ceCT, soft-tissue window (A), shows a rim-enhancing frontal lobe collection with perilesional

edema, causing mass effect with midline shift, suggestive of cerebral abscess. T2WI FLAIR (B and C) in two different planes, DWI (D)
and post-contrast T1WI (E and F) in two different planes confirm the presence of a frontal lobe abscess with extensive perilesional
edema, associated to crescent-shaped high T2/FLAIR-signal (yellow arrow), suggestive of subdural empyema, and leptomeningeal
enhancement (arrowhead) suggestive of focal meningitis. At a lower level (C and F), it is demonstrated the presence of mucosal
thickening of the left frontal sinus in continuity with the intracranial complications (white arrow in F).

Cerebral abscess

In this case, the purulent collection is located within the
brain parenchyma and is either caused by contiguous exten-
sion from an infected sinus or by hematogenous spread.>¢
Between 14-34% of cerebral abscesses in adults have a
sinonasal origin, most often due to frontal and, to a lesser
degree, sphenoidal sinusitis.®> This complication is rarer
in children, probably due to the underdevelopment of
both frontal and sphenoid sinuses. The frontal lobe is the
most commonly involved, given its proximity to the frontal
sinuses.“°

In the first stages of abscess formation, patients may
not present with neurologic symptoms.“’ The early stages of
cerebral edema and cerebritis usually manifest as headache,
lethargy, agitation and altered mental status. With progres-
sion to abscess formation, there is worsening of mental
status.’

Progressive enlargement of the abscess may lead to rup-
ture into the ventricular system, a catastrophic complication
with a high mortality rate.*

Diagnosis is attained by CT or MRI. Both will show a rim-
enhancing fluid collection, in addition to marked oedema of
the surrounding parenchyma due to mass effect (Fig. 9).23¢
Similar to extra-axial collections, ceMRI is the preferred
modality for evaluation of parenchymal complications. On
MRI, a brain abscess presents increased signal intensity on
DWI, in keeping with purulent content within (Fig. 9D),? and
a moderately to markedly hypointense rim on T2WI, that
differs from subdural empyema.®’

An area of focal softening of brain parenchyma (cerebri-
tis) that emerges prior to abscess formation'? usually
appears on ceCT as a focal ill-defined hypodensity or an area

of patchy enhancement, which can be difficult to recognize.
On the contrary, MRI typically shows a conspicuous area of
increased signal intensity on T2WI and FLAIR.?

Treatment includes antibiotherapy and drainage of the
involved sinuses and of the cerebral abscess. Intravenous
treatment should be maintained for 2-4 weeks. The initial
phase of cerebritis can be treated conservatively and medi-
cal therapy should include corticosteroids, anti-intracranial
hypertension measures and anticonvulsants. The high mor-
tality rate that ensued some years ago has now decreased
considerably to 5%, due to advances in early diagnosis.
Epilepsy is the most common sequel, and occurs in 30% of
cases.?

Meningitis

In the pre-antibiotic era, meningitis was considered the
most common complication of ARS, but its frequency has
decreased in relation to other intracranial complications.’

The most frequently implicated sinuses are the frontal,
sphenoid, and posterior ethmoid.>'?

Clinically, the most important symptoms are headache
and neck stiffness, with drowsiness preceding coma. Diag-
nosis is established by lumbar puncture, that demonstrates
high leucocyte and protein counts.?

Imaging findings of meningitis are usually nonspecific on
non-enhanced CT however subarachnoid sulci and cisternal
effacement due to iso to hyperattenuation of cerebral spinal
fluid are suspicious findings. On ceCT, linear leptomeningeal
thickening and enhancement (Fig. 6B) should suggest the
diagnosis.*!*

As for other intracranial complications, ceMRI is the most
suitable imaging modality MRI findings depend on the stage
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of disease and may be normal initially.? As the disease pro-
gresses, thickening and edema of the pachymeninx and/or
leptomeninges results in abnormal meningeal enhancement
on post-contrast images and subarachnoid hyperintensity on
FLAIR images (Fig. 9C and E),%* that can be associated with
subdural effusions and ventricular debris. Leptomeningeal
enhancement is seen extending into the sulci and cisterns
and can be easier to detect using post-contrast 3D T2-
FLAIR."

With disease progression, meningitis may result in cere-
bral edema, presenting as areas of high signal intensity
on water-sensitive sequences as described previously, or
even ischemia, best depicted on DWI as areas of restricted
diffusion?. Other complications include accumulation of pus
in the subarachnoid space, that is also hyperintense on DWI,
as well as hydrocephalus.?"?

Treatment includes surgical drainage of the involved
sinus, antibiotherapy corticosteroids and anticonvulsants.?

Conclusion

Although ARS complications can often present with mild and
unspecific symptoms, they can be life-threatening, espe-
cially in high-risk patients. Thus, high clinical suspicion is
the most important factor to achieve a correct and timely
diagnosis.

Regarding imaging evaluation of clinically suspected ARS
complications, contrast-enhanced MRI or CT are mandatory.
Although ceCT is more frequently performed in the emer-
gency setting, MRI performs better in the identification and
characterization of orbital and intracranial complications.

In this setting, a good multidisciplinary coordination
between the clinic and the radiologist is of the utmost impor-
tance.
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Key points

e Acute rhinossinusitis is a common clinical problem in both
pediatric and adult patients, whose complications can be
severe and life threatening. Therefore, the radiologist
should be familiar with the spectrum of sinus disease and
its potential complications.

e All paranasal sinuses share boundaries with the orbit,
making it the most common place for contiguous spread
of sinonasal infectious processes. The ethmoidal sinus
is the most frequently implicated sinus in this type of
complications, followed by the maxillary, frontal and,
more rarely, the sphenoidal sinus.

e Acute uncomplicated rhinosinusitis usually does not
require imaging evaluation, although CT and/or MRI are
mandatory when there is suspicion of complications or in
the setting of pre-operative planning.

e Due toits high availability, CT frequently is the first imag-
ing technique performed in the emergency setting. The
excellent bone and high-spatial resolution make CT the
preferred imaging examination in presurgical planning.
However, contrast-enhanced MRI is far superior in soft-
tissue evaluation and should be considered whenever an
orbitary or intracranial complication is suspected.
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