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Abstract: Acute invasive fungal rhinosinusitis is a rare,
although highly morbid, infection primarily affecting
immunosuppressed individuals. The same population is at
particularly high risk of complications and mortality in the
setting of SARS-CoV-2 infection and coronavirus disease
2019 (COVID-19)-related acute respiratory distress syn-
drome. The authors present a case of acute invasive fungal
rhino-orbital mucormycosis in a patient with COVID-19
and discuss the prevalence, diagnosis, and treatment of fun-
gal coinfections in COVID-19. Prompt recognition, initiation
of therapy, and consideration of the challenges of rapidly
evolving COVID-19 therapy guidelines are important for
improving patient survival.

cute invasive fungal rhinosinusitis (AIFRS) is a rare, life-

threatening infection with a high risk of mortality.' It com-
monly affects immunocompromised individuals, including
those with hematological malignancy, diabetes mellitus, and
organ transplantation.> The global pandemic of coronavirus
disease 2019 (COVID-19) has infected >18 million people
internationally and over 4 million in the United States alone.?
Caused by coronavirus-2 (SARS-CoV-2), the disease may
progress to acute respiratory distress syndrome (ARDS), a
condition that increases the susceptibility of pulmonary fungal
coinfections.*

The authors present a case of invasive fungal rhinosinus-
itis with orbital involvement in a patient with COVID-19 and
discuss the prevalence of fungal coinfection with COVID-19,
as well as the diagnostic and management challenges faced
in critically ill patients. This case report, including the col-
lection and evaluation of protected patient health informa-
tion, was performed in compliance with the provisions of the
United States of America Health Insurance Portability and
Accountability Act of 1996 and adhered to the World Medical
Association’s ethical principles for medical research involv-
ing human subjects outlined in the Declaration of Helsinki as
amended in 2013.
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CASE PRESENTATION

A 60-year-old man with a history of poorly controlled
insulin-dependent diabetes, asthma, hypertension, hyperlipid-
emia, and recent travel to Mexico presented to an outside emer-
gency department with dyspnea and hypoxia. Testing negative
for SARS-CoV-2, he was discharged home with a diagnosis
of bronchitis and treated with antibiotics and home oxygen.
One week later, he represented with worsening symptoms.
Although serum glucose was mildly elevated (105-143 mg/
dl), he had marked hyperglycemia (600 mg/dl) the night before.
After testing positive for SARS-CoV2, he was transferred to
the University of California, San Francisco for a higher level
of care for COVID-19 and the associated ARDS. On arrival,
because of increasing oxygen demand, he was intubated in the
intensive care unit and started on remdesivir. The following
day, the patient was found to have prominence of the right eye.
Computed tomography angiography of the brain, orbits, and
neck revealed right globe proptosis with asymmetric retrobul-
bar fat stranding and extensive opacification of right maxillary,
ethmoid, and frontal sinuses. There was also partial opacifi-
cation of the right sphenoid sinus and erosions of the lamina
papyracea (Fig. 1). The clinical and radiographic findings were
highly suspicious for acute invasive fungal rhinosinusitis with
orbital involvement. Hemoglobin Alc was found to be 14.0%.
Intranasal tissue culture and biopsy was performed via bedside
nasal endoscopy on hospital day 2. Frozen sections were not
performed due to prolonged decontamination requirements for
the cryotome in the setting of known COVID-19 infection; thus,
the tissues were formalin fixed before processing. The patient
was started on intravenous vancomycin and cefepime, antifun-
gal coverage with liposomal amphotericin B, and strict glucose
management. On hospital day 4, histopathology demonstrated
mucormycosis with angioinvasion, and therefore, caspofungin
was added to the medical regimen (Fig. 2). Fungal cultures ulti-
mately grew Rhizopus species. The patient’s respiratory status
was tenuous, requiring prone positioning 16+ hours daily to
maintain oxygenation on 100% FiO, and thus precluded MRI
evaluation or surgical management.

The ophthalmology service was consulted on hospital
day 5, once histopathology confirmed invasive fungal infection.
On bedside ophthalmologic examination, the right eye had mild
proptosis with erythema and edema of the eyelids and conjunc-
tival chemosis. The right pupil was fixed and mid-dilated due to
an old third nerve palsy, while the left was pharmacologically
constricted by his sedative medications, limiting assessment
for a relative afferent pupillary defect. The patient was unable
to participate with vision or motility testing due to intubation
before ophthalmic examination. The remainder of the examina-
tion including dilated fundus examination was unremarkable.
The patient was treated with a series of 3 daily retrobulbar injec-
tions of liposomal amphotericin B (3.5mg/dl; off-label usage)
to the right orbit. Concurrently, the patient was also started
on a 10-day course of dexamethasone 6 mg daily and a single
dose of convalescent plasma as a treatment for COVID-19.
Unfortunately, the dexamethasone led to hyperglycemia that
was difficult to manage despite aggressive insulin usage. On
hospital day 10, the patient had improved respiratory status,
allowing endoscopic surgical debridement by otolaryngology.
COVID-19 infection control precautions included the use of
powered air purifying respirators and the exclusion of trainees
from operative management to minimize the risk of exposure to
medical staff. He was subsequently transitioned from liposomal
amphotericin B to posaconazole due to acute kidney injury. His
health status continued to decline despite ongoing treatment,
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FIG. 1. Postcontrast CT of the head. A, Coronal sections with a
soft tissue window demonstrating maxillary and ethmoid sinus-
itis, asymmetric contrast enhancement and stranding of the
intraconal and extraconal orbital fat on the right compared to
the left side, and subtle enlargement and enhancement of the
right inferior and medial rectus muscles. B, Axial sections with

a bone window demonstrating bony dehiscence of the lamina
papyracea along the right medial orbital wall.

and he unfortunately expired on hospital day 31 from ARDS
due to COVID-19.

DISCUSSION

The reported prevalence of AIFRS with orbital involve-
ment in the United States is estimated to be 1.7 per 1 million.?
It is characterized by direct invasion and necrosis of local struc-
tures followed by rapid progression and angioinvasion from the
nasal and sinus mucosa into the orbit and brain. While many
fungal species can cause AIFRS, it most commonly involves
Aspergillus, Rhizopus, Mucor, and Rhizomucor.® Mortality is
high, ranging between 50% and 80%, with factors including
intracranial or orbital involvement, irreversible immune sup-
pression, and mucormycosis leading to poorer outcomes.'?

A e . a

FIG. 2. Sinus histopathology. A, Bone and sinus tissue (400x,
H&E): Fungal forms infiltrating arteries (arrow). B, Sinus tissue
(400%, H&E): Area of acute inflammation and fungus infiltrating

arterial wall (arrow).

It is well established that hematological malignancy, dia-
betes mellitus, pharmacological immunosuppression, and HIV
are the most frequent risk factors for AIFRS. While orbital cel-
lulitis has been reported in the setting of COVID-19, little is
known about the impact of COVID-19 on AIFRS and other fun-
gal infections.” Globally, fungal co-infections with Aspergillus
and Candida in patients with COVID-19 have been reported in
a limited number of studies.* van Arkel et al.® showed that 6
of 31 critically ill COVID-19 patients (19.4%) were found to
have secondary Aspergillus infections. This suggests a potential
increased risk for developing invasive pulmonary aspergillosis
in COVID-19 as has been previously described in up to one-
third of critically ill patients with severe influenza.® Given the
robust inflammation and concurrent immunosuppression evi-
dent in COVID-19, it is believed that the dysregulated immune
response provides an hospitable environment for the develop-
ment of fungal co-infections.’ It is unknown whether sinus tis-
sues are similarly at increased risk for fungal infection in the
setting of COVID-19 infection; however, there are shared risk
factors for COVID-19 and invasive fungal sinusitis, including
pre-existing immunosuppression from comorbidities such as
diabetes mellitus.'

A diagnosis of AIFRS requires both microbiological and
histologic evidence of fungi.!! Clinical presentation may be vari-
able, making early diagnosis and prompt initiation of antifungal
therapy challenging. MRI has been shown to be more sensitive
than CT for detecting AIFRS, with perisinus invasion being the
most diagnostic finding.!* Confirmation of fungal elements by
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the frozen section is traditionally preferred over paraffin due to
rapid processing and overall higher sensitivity and specificity.!
However, the concern for SARS-CoV-2 exposure and infection
control has shifted practices regarding sample processing and
diagnostic testing. Recent literature has shown that the high
temperature required for formalin-fixed paraffin-embedded
processing may inactivate the virus and be preferable for his-
topathological diagnosis of samples in patients coinfected with
COVID-19 over frozen sections.'*'> Real-time PCR has also
been shown to accurately detect zygomycetes.'®

Treatment of AIFRS requires a multimodal approach
involving antifungal therapy, surgical debridement, and reversal
of immunosuppression to the degree possible. Hyperglycemia,
diabetic ketoacidosis, and metabolic disturbances provide a
favorable environment for fungal growth and should be aggres-
sively addressed with glycemic control and electrolyte repletion.!
Concurrently, surgical debridement of necrotic tissue and anti-
fungal therapy with liposomal amphotericin B or combination
therapy with amphotericin B and posaconazole or caspofungin
have been shown to improve survival.> For AIFRS patients with
orbital involvement, a complication seen in 50%—60% of cases,
a recent retrospective study at the authors’ institution concluded
that there was no added survival benefit from orbital exentera-
tion as other studies have also demonstrated.>!”'8 The authors
suggest a conservative step-wise approach based on clinical
examination and imaging findings, beginning with minimally
invasive retrobulbar injections.>!*-2!

To the best of the authors’ knowledge, this case repre-
sents the first report of acute invasive fungal rhinosinusitis with
orbital involvement in a patient with COVID-19. The patient
faced numerous challenges to early diagnosis and prompt
therapy. Poorly controlled diabetes and COVID-19 status may
have worked synergistically to increase the patient’s suscepti-
bility for fungal co-infection.?> An unstable hemodynamic and
respiratory status with an inability to lie supine without oxy-
gen desaturation made MRI imaging unfeasible. While bedside
nasal endoscopy was performed in a timely manner, histologic
processing protocols in the setting of active COVID infection
potentially delayed confirmation of mucormycosis and subse-
quent retrobulbar amphotericin injections by 2—3 days. Surgical
debridement was delayed due to a tenuous respiratory status.
Moreover, he was administered corticosteroids given the lat-
est evidence from the UK RECOVERY trial that demonstrated
improved survival among mechanically ventilated patients with
severe COVID-19-associated ARDS treated with dexametha-
sone.” In the present case, it was hoped that improvement of
the patient’s respiratory status would facilitate more effective
surgical management of the fungal disease, outweighing the
potential deleterious effect on the fungal infection from steroid-
induced hyperglycemia and immune suppression. In the future,
alternative therapeutic approaches for COVID-19 patients with
fungal coinfection may include the use of biologics such as
tocilizumab, an IL-6 inhibitor that has shown promising results
to reduce mortality in COVID-associated ARDS.***

In summary, this case highlights the difficult manage-
ment decisions associated with co-infection of SARS-CoV2
and Rhizopus. These diseases share risk factors, have indepen-
dently high mortality rates, but currently have conflicting man-
agement principles.
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