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BACKGROUND Superimposed intracranial infection is an uncommon but clinically significant complication in patients with active coronavirus disease
2019 (COVID-19), particularly in those with predisposing immunocompromising conditions.

OBSERVATIONS The authors describe a case of subdural empyema, secondary to extension from pansinusitis, in a 20-year-old otherwise healthy
immunocompetent male who was recently diagnosed with COVID-19. Despite his critical condition at time of presentation, he made a full clinical
recovery with aggressive multidisciplinary surgical management between neurosurgery and otolaryngology, despite negative cultures to guide directed
antimicrobial therapy. Ultimately, use of molecular-based polymerase chain reaction testing diagnosed Aspergillus fumigatus as the offending pathogen
after the patient had already recovered and was discharged from the hospital.

LESSONS This case demonstrates the potential for significant superimposed intracranial infection even in young, healthy individuals, infected by
COVID-19 and suggests an aggressive surgical approach to achieve source control, particularly in the absence of positive cultures to guide antimicrobial
therapies, may lead to rapid clinical improvement.

https://thejns.org/doi/abs/10.3171/CASE22525
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Sinonasal symptoms have become prevalent presenting symptom
of coronavirus disease 2019 (COVID-19) during the ongoing pande-
mic.1 In rare instances, aggressive rhinosinusitis may develop, particu-
larly in immunocompromised patients, and spread to nearby structures
within orbit and anterior skull base.2–4 These cases are often in the
setting of severe secondary fungal infection, especially mucormycosis,5

while rarely may also occur from secondary bacterial rhinosinusitis.6 To
date, significant intracranial infectious complications related to COVID-19
have only been described in immunocompromised individuals.1–4,7,8 In
this report, we describe presentation of pansinusitis, complicated by
significantly large subdural empyemas, in an otherwise young, healthy
male recently diagnosed with COVID-19 and the subsequent manage-
ment of the intracranial and sinonasal complications.

Illustrative Case
A 20-year-old healthy male, without a history of significant medical

issues, developed mild respiratory symptoms and sinus congestion, for

which he was started on empirical antibiotics. Further testing with
reverse transcriptase-polymerase chain reaction (PCR) testing con-
firmed the diagnosis of COVID-19, for which he had not been previ-
ously vaccinated. Ten days later after diagnosis, he presented to
the emergency department with progressive symptoms, albeit still
relatively mild, and did not meet criteria for remdesivir or immuno-
globulin therapy. He was subsequently discharged after symptom-
atic relief. The patient subsequently self-isolated in a hotel but
was found 5 days later unresponsive and febrile, requiring emer-
gent intubation. Magnetic resonance imaging (MRI) demonstrated
pansinusitis (Fig. 1A, B), diffuse pachymeningeal and leptomeningeal
enhancement, and a left frontoparietal diffusion-restricting and enhanc-
ing (Fig. 1C, D) subdural collection, concerning for empyema. He also
exhibited findings of significant coagulopathy, which included a
nonocclusive superior sagittal sinus thrombosis and thrombocyto-
penia, the latter of which improved with intravenous immunoglobu-
lin administration. In addition, the patient developed new-onset
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generalized seizure, which was managed with antiepileptic
medications.

The patient underwent left decompressive hemicraniectomy for
subdural empyema evacuation, which revealed pus above the dura
(Fig. 2A), secondary to a bony defect in the frontal sinus (Fig. 2B),
which was repaired. Gross subdural pus was found overlying the
brain upon dural opening (Fig. 2C). Subsequently, he underwent bi-
lateral complete endoscopic sinus surgery, which redemonstrated
pus emanating from the frontal sinus (Fig. 2D). There was evidence
of significant pansinus edema and purulence throughout consistent
with acute rhinosinusitis. Despite these findings, cultures from the
operating room did not yield growth of any bacterial or fungal or-
ganisms. He was maintained on empirical vancomycin, ceftriaxone,
and metronidazole therapy throughout this time. Surveillance MRI
performed 6 days after his initial hemicraniectomy demonstrated in-
terval development of an enhancing, diffusion-restricting right frontal
subgaleal collection with bony involvement, concerning for osteomy-
elitis (Fig. 3A-C). There was also complete opacification of the par-
anasal sinuses with areas of restricted diffusion in the frontal
sinuses, concerning for persistent pansinusitis (Fig. 3C). The patient
was subsequently taken for neurosurgical evacuation of the right-
sided collection, removal of the infected bone, and mesh cranio-
plasty to replace the bony defect. The next day, he underwent en-
doscopic sinonasal surgery to debride further mucopurulence. The
sinuses were noted to be open and draining without any commu-
nication into the intracranial space. Postoperatively, antimicrobial
therapy was broadened to include high dose fluconazole and

meropenem. However, final cultures were negative for growth of
bacterial or fungal organisms, so he was tentatively prescribed a
6-week course of ceftriaxone and metronidazole. Two days after
sinonasal surgery, the patient was successfully extubated, and he
was following commands without any focal neurological deficits by
the next day.

At time of discharge, 3 weeks after initial presentation, the pa-
tient had made a full neurological recovery. Shortly afterwards,
PCR-based molecular testing of the brain abscess sample revealed
a diagnosis of Aspergillus fumigatus, for which antibiotics were
stopped, and he was switched to a 12-week course of voriconazole.
At the 3-month follow-up, MRI demonstrated stability of a known
pseudomeningocele with the absence of enhancement (Fig. 4A, B)
or diffusion restriction (Fig. 4C) to suggest residual abscess. At the
time of the last follow-up, 4 months after initial presentation, he had
completed his antifungal therapy, was in neurologically intact condi-
tion, and had undergone a successful left cranioplasty procedure to
address his existing bony skull defect.

Discussion
Observations

Nasal inflammation, indicative of acute rhinosinusitis, may be
present in up to one-half of patients experiencing headaches/facial
pain and diagnosed with COVID-19.1 In the midst of the pandemic,
there has been a surge of opportunistic fungal infections, particu-
larly mucormycosis, in immunocompromised patients diagnosed
with COVID-19.4 In severe cases, secondary fungal infection may

FIG. 1. Preoperative MRI at the time of presentation. Sagittal T1-weighted postcontrast (A) and coronal T2-weighted
(B) MRI demonstrate significant enhancement and edema, involving the frontal, ethmoidal, maxillary, and sphenoid sinuses.
Axial diffusion-weighted (C) and coronal T1-weighted postcontrast (D) MRI show a diffusion-restricting and enhancing left
frontal subdural collection (arrows), consistent with subdural empyema.

FIG. 2. Intraoperative images. A gross image during craniectomy prior to dural opening demonstrates pus emanating from a defect in the frontal sinus
(A, arrow), better visualized on close-up imaging after dural opening (B, arrow). There was significant pus overlying the brain surface upon dural opening
(C). An intraoperative endoscopic view during sinus surgery (D) demonstrates pus draining from the opened right frontal sinus.
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spread into the orbit and/or erosion of the anterior skull base, includ-
ing case reports of fungal brain abscesses in immunocompromised
patients.2,3 Bacterial intracranial infection has also been reported in
single case reports from the pediatric and adult population, predis-
posed to infectious spread secondary to diagnoses of multisystem in-
flammatory syndrome and chronic sinusitis, respectively.2,9 Whether
complications are due to fungal or bacterial infection, cases required
aggressive multidisciplinary surgical debridement to achieve source
control but ultimately achieved good neurological outcomes.

Lessons
In contrast, our patient was an immunocompetent young healthy

male with no prior medical history who suffered more severe sub-
dural empyema burden, secondary to pansinusitis in the setting of
COVID-19 diagnosis, and with a prolonged postoperative recovery.
Despite negative bacterial and fungal cultures and stains, further
PCR studies identified Aspergillus fumigatus as the likely causal or-
ganism, highlighting the utility of molecular-based testing. However,
it is also important to recognize that we could not rule out an under-
lying bacterial or polymicrobial process, for which the cultures may
have been negative because of the patient’s history of empirical an-
tibiotic therapy.

Invasive aspergillosis is an uncommon but known severe complica-
tion of COVID-19 infection, particularly affecting the lungs.10 A recent
meta-analysis of COVID-19–associated pulmonary aspergillosis re-
ported a prevalence of 10% among patients with COVID-19 requiring
intensive care unit-level care with a high mortality rate of 59.2%.11

Likewise, Aspergillus, alongside with the mucor species, has been re-
ported as the major causative organisms in acute invasive fungal
rhino-sinusitis after recent COVID-19 infection, particularly in immuno-
compromised patients.12,13 These patients have usually required surgi-
cal debridement in addition to antifungal therapy and typically present
in a delayed fashion, 2 to 3 weeks after PCR-negative testing for
COVID-19.14 In contrast, our patient’s clinical course was particularly
more aggressive, manifesting with fulminant invasive sinusitis with intra-
cranial involvement, despite immunocompetency, and in the setting of
active COVID-19 infection diagnosed 2 weeks prior with progressive,
albeit still mild, symptoms.

Subdural empyemas have a known association with sinusitis and
most commonly present in pediatric and young adult males.15–17 In these
patients, there is typically a bacterial etiology, most commonly from the
Streptococcus and Staphylococcus species.18,19 Given our patient had
received empirical antibiotic therapy prior to his acute neurological de-
compensation, it is plausible that an underlying bacterial sinusitis was
the source of the subdural empyema, unrelated to his concurrent
COVID-19 diagnosis. That said, given his ultimate PCR-based diagnosis
of an Aspergillus infection and its strong association with COVID-19
related invasive sinusitis, we believe the pathophysiology of our patient’s
subdural empyema diagnosis was linked to his concurrent COVID-19
infection.10–14

Despite multiple negative cultures from the blood, sputum, and oper-
ating room samples to guide antimicrobial therapy, the patient demon-
strated rapid clinical improvement with aggressive surgical debridement,
as evidenced by multiple neurosurgical and endoscopic endonasal

FIG. 3. MRI prior to repeat surgical intervention. Axial (A) and coronal (B) T1-weighted postcontrast MRI
demonstrate an enhancing right subgaleal collection (arrows) with corresponding diffusion-restriction in this
area as well as within the paranasal sinuses (arrows, C).

FIG. 4. Postoperative MRI at the 3-month follow-up. Axial (A) and coronal (B) T1-weighted postcontrast MRI
demonstrate a stable pseudomeningocele with the absence of contrast enhancement or diffusion restriction
(C) to suggest any possibility of residual abscess.
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procedures. By the time voriconazole was started after Aspergillus was
diagnosed, the patient had already made full neurological recovery. In
the absence of culture-guided antimicrobial treatment, it is rare to see
such rapidity of clinical response in an immunocompetent host with
source control alone. This case highlights that significant intracranial in-
volvement can occur in patients with no significant predisposing risk fac-
tors who develop superimposed sinus infections from COVID-19. A high
degree of clinical suspicion and an aggressive treatment approach may
be indicated in these patients to prevent further intracranial sequela.
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