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Background.  – The  incidence  of devastating  opportunistic  coinfections  in patients  with  COVID-19  infec-
tion,  their  imaging  features  and  their  morbidity  and  mortality  consequences  need  to  be  unraveled.
Methods.  –  This  is  a case  series  presenting  the  radiologic  features  and  clinical  presentation  of  acute  invasive
fungal  rhino-orbital-cerebral  sinusitis  (AIFS)  in  eight  hospitalized  patients  with  confirmed  COVID-19
infection.
Results.  – Our  patient  cohort  presented  with  symptoms  of  the  invasive  fungal  disease  within  12–35  days
from  their  initial  presentation  with  COVID-19  infection.  The  cross-sectional  imaging  features  of AIFS

associated  with  COVID-19  infection  do not  differ  from  those  reported  in  the  literature  for  AIFS  associated
with  other  risk  factors,  yet  our  patients  had  features  of aggressive  late-stage  forms  with  high  morbidity
and  mortality  rate.
Conclusion. – AIFS  is  a  possible  encounter  in  patients  with  COVID-19  patients  and  radiologists  should  be
familiar  with  its  imaging  features.

©  2021  Elsevier  Masson  SAS.  All  rights  reserved.
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Introduction

In early March 2021, more than 116 million cases of con-
firmed corona virus-19 disease (COVID-19) were reported to the
World Health Organization with more than 2.5 million deaths.1

Previous studies reported various fungal coinfections in COVID-
19 patients.2–4 COVID-19 patients seem to be more susceptible
to fungal coinfections owing to the over-expression of inflam-
matory cytokines and impairment of the cell-mediated immune

response with reduced CD4 and CD8-T lymphocytes. This sus-
ceptibility increases with immunocompromised status,5 trauma,

Abbreviations: AIFS, acute invasive fungal rhino-orbital-cerebral sinusitis;
COVID-19, coronavirus disease 2019; DM,  diabetes mellitus; DCL, disturbed con-
scious level; PL, perception of light; RT-PCR, reverse transcriptase-polymerase chain
reaction.
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iabetes mellitus (DM), and neutropenia. All were reported as pre-
isposing factors.6

Our tertiary referral hospital faced an increased rate of rhino-
rbital-cerebral acute invasive fungal sinusitis during the first wave
f the COVID-19 pandemic.7 Here, we report the radiologic features
f eight patients with confirmed COVID-19 infection admitted to
ur hospital from May  2020 to February 2021 and presented with
IFS. The available imaging scans were all reviewed for the eight
atients. CE-CT and MRI  for brain and sinuses were done to seven
atients, and non-CE CT scans were done for one patient owing to
levated renal function tests.

ase 1

A 47-year-old man  with uncontrolled DM type 2 presented
o the hospital with disturbed conscious level (DCL), respiratory
istress, and right upper eyelid edema with a preceding his-
ory of respiratory illness that started 10 days earlier. He was
dmitted to the ICU. Clinical examination revealed right total oph-

halmoplegia, no perception of light (PL), and black nasal crusts.
E-CT scan revealed invasive sinonasal disease with right orbital
anophthalmitis. The patient was  positive for COVID-19 by reverse
ranscriptase-polymerase chain reaction (RT-PCR) test. Endoscopic
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Fig. 1. A COVID-19 positive 47-year-old male patient presented with acute invasive fungal rhinosinusitis submitted to surgical debridement and right orbital enucleation.
Perineural spread of the fungal disease along the trigeminal nerve is demonstrated in (A) axial, and (B) coronal T2WI; the right Meckel’s cave is infiltrated (dashed arrow),
with  extension along the main trunk of the trigeminal nerve (white arrows).
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Fig. 2. A COVID-19 positive 65-year-old woman  with acute invasive fungal rhinosi
the  right optic nerve (white arrow) of the ischemic/inflamed right optic nerve. (B) D

surgical debridement and right orbital exenteration were done.
The patient received systemic antifungal (amphotericin B) and
ambisome. Histopathology and culture revealed invasive fungi of
Aspergillus species. Follow-up by CE-MRI for the sinuses revealed
residual cavernous sinus fungal infiltration with perineural spread
along the trigeminal nerve and mild non-specific sinus disease
(Fig. 1). The patient received postoperative amphotericin B and was
discharged after controlling his medical condition.

Case 2

A 65-year-old diabetic woman, with uncontrolled DM type 2,
was admitted to the hospital for COVID-19 infection. In the sec-
ond week after admission, she started to develop rapidly advancing
right upper eyelid edema, conjunctival chemosis, and a drop of
vision that progressed eventually to right total ophthalmoplegia
and no PL, associated with black nasal crusts. CE-MRI revealed
right ethmoidal and maxillary sinusitis, with right orbital infil-
tration involving the optic nerve (Fig. 2), right cavernous sinus

partial thrombosis with secondary vasculitis of the cavernous
segment of the internal carotid artery (ICA), and right posterior
watershed acute infarctions (Fig. 2). Surgical debridement was
done, histopathology and culture results confirmed the presence of
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s; (A) diffusion-weighted image (DWI), showing significant diffusion restriction of
 the brain shows right posterior watershed infarctions (black arrows).

ucormycosis. The patient received postoperative systemic anti-
ungal (amphotericin B) for two weeks and then itraconazole. She
as discharged after controlling her medical condition.

ase 3

A 67-year-old man  with chronic kidney disease. He presented
o the hospital with DCL after two weeks of home isolation and

edical treatment for COVID-19 infection. He was diagnosed with
iabetic ketoacidosis. After 14 days of hospital admission, he com-
lained of a rapidly deteriorating right visual acuity together with
onjunctival chemosis. Clinical examination revealed mild orbital
roptosis, nasal crusts, and respiratory distress. The patient was
dmitted to the ICU. Histopathology from nasal biopsy confirmed
he presence of mucormycosis. The patient received amphotericin

 and surgical debridement was  planned upon clinical status
mprovement. Further deterioration occurred that progressed to
ight total ophthalmoplegia, and no PL. CE-MRI showed right orbital
anophthalmitis, proptosis and posterior contour tenting, focal

ecrosis of the ethmoidal air cells (Fig. 3), and hard palate, and
ilateral cavernous sinus invasion. Debridement could not be done
ecause of the deteriorating clinical condition. The patient died in
he ICU on day 28.



M.M. Ashour et al. Journal of Neuroradiology 48 (2021) 319–324

Fig. 3. MRI  of both orbits in a COVID-19 positive 67-year-male presented with right orbital proptosis, and ophthalmoplegia. (A) Axial T2WI and (B) axial CE-T1WI demonstrate
right  panophthalmitis with intra-ocular altered signal, proptosis, and posterior tenting of the right eye globe (dashed arrows) keeping with orbital compartment syndrome.
Focal  necrosis of the right ethmoidal are cells mucosa is noted (solid white arrow) in (B).
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Fig. 4. Two different patients with acute invasive sinonasal disease; 42-year-male 

destructive soft tissue density mass at the level of the hard palate (white arrow) wi
presented after recovery from COVID-19 infection (B) axial CE-CT scan; demonstrat

Case 4

A 42-year-old male patient, with uncontrolled type II DM and a
history of recent cerebral infarction 2 months before his presen-
tation to our hospital with fever and nasal regurge after dental
extraction. The patient was positive for COVID-19 by RT-PCR. Clini-
cal examination showed right paralytic esotropia, right nasal black
crusts, and bilateral oroantral fistulae. CT scan showed features of
invasive fungal disease with nasal septum defect, osteonecrosis
of the hard palate (Fig. 4A), the sphenoid bone, and the petrous
apex on both sides. The patient received systemic antifungal
(amphotericin B). Endoscopic surgical debridement was done and
revealed thrombosed sphenopalatine and greater palatine arter-
ies. Histopathology confirmed the presence of mucormycosis. The
patient improved and was discharged on supportive treatment and
readmitted four months later for palatal reconstruction.

Case 5

A 63-year-old female patient with uncontrolled DM and con-
firmed COVID-19 infection had been discharged from the hospital
after improvement and repeated negative RT-PCR. Two  days later,
she started to develop left upper eyelid edema with reduced visual
acuity and presented back to the hospital. Clinical assessment

revealed left ophthalmoplegia, no PL, and blackish nasal crusts.
CE-CT showed invasive sinonasal disease extending to the left
cavernous sinus, left orbit, and left PPF, aneurysm of the cav-
ernous segment of ICA was also noted (Fig. 4B). CE-MRI revealed
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ositive RT-PCR for COVID-19 infection (A) non-CE axial CT of the PNS of; showing
eonecrosis, air locules and the clivus (dashed arrow). A 63-year-old female patient
cotic aneurysm of the cavernous segment of the left ICA (black arrows).

he underlying left ICA vasculitis and a retrograde extension
long the trigeminal nerve. Endoscopic surgical debridement was
one, biopsy and culture confirmed the presence of mucormyco-
is, and postoperative systemic antifungal was given. The patient
mproved and was  discharged after the improvement of the clin-
cal condition. Further management for the ICA aneurysm was
lanned.

ase 6

A 41-year-old diabetic female patient was admitted to the hos-
ital for a COVID-19 infection. On day 14 of hospital admission,
he started to develop progressive facial edema. CE-CT revealed
nvasive sinonasal disease with erosions of the nasal septum, hard
alate, maxillary sinus wall (Fig. 5A), pterygoid plates, and clivus,
ith effacement of the skull base fat planes. Surgical debridement
as  done, histopathology confirmed the presence of mucormy-

osis. The patient received amphotericin. On day 24, the patient
eveloped left orbital ophthalmoplegia, for which CE-MRI was
one and showed bilateral cavernous sinuses infiltration, left tem-
oral meningeal enhancement, and necrotic tissue involving the
alate and the infratemporal fossa bilaterally. The patient was kept
n medical treatment and the clinical condition improved. Three

eeks later, the patient developed acute right-sided weakness and

lobal aphasia, CT head revealed left frontoparietal acute infarc-
ions. The patient improved with medical management and was
ischarged.
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Fig. 5. Two patients with an acute invasive fungal sinonasal disease and COVID-19 infection; (A) Coronal CE-T1 WI  at the level of the bony nasal septum showing a large
nasal  septum defect (arrowhead), focal non-enhancing necrotic areas at the hard palate (dashed arrow) in a 41-year-old female patient. (B) The initial non-CE-CT at the level
of  the nasal bones of a 45-year-man; showed soft tissue density obliterating the anterior nasal cavities with fragmented nasal bones (white arrows).

Fig. 6. A COVID-19 positive 55-year-old male patient; (A) CE-T1 WI  showing extension of the sinonasal inflammatory tissue to the left orbital cavity (white arrow), with
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left  orbital panophthalmitis and proptosis of the left deformed eye globe, non-enha
arrowhead). Left ICA critical attenuation (dashed arrow) with left frontal (not demo
diffusion weighted image (B).

Case 7

A 54-year-old male, with a medical history of DM,  hyperten-
sion, end-stage renal disease on renal dialysis, and ischemic heart
disease. He presented with DCL and respiratory distress and was
admitted to the ICU, intubated, and ventilated. RT-PCR test for
COVID-19 was positive. On day 16, he started to develop left upper
eyelid edema, which progressed rapidly to diffuse facial edema,
associated with skin discoloration. The initial CT head showed
fragmented nasal bones with soft tissue density with no other sig-
nificant abnormalities (Fig. 5B) that progressed on the following CT
scans to total opacification of the ethmoidal and maxillary sinuses
bilaterally. CT chest showed features of acute respiratory distress
syndrome (ARDS). Histopathology confirmed the presence of inva-
sive fungal disease. Systemic antifungal treatment was given, and
surgical debridement was planned upon clinical improvement.
The condition progressed dramatically to bilateral panophthalmi-
tis, associated with a necrosed nasal septum and hard palate. The
patient clinical status deteriorated and died on day 31.
Case 8

A 50-year-old diabetic male on medical management for a
confirmed COVID-19 infection. He presented to our hospital two
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 swollen muscles are noted (black arrowhead), and right perioptic neuritis (white
ted here) and left temporal infarction (asterisk) that shows diffusion restriction in

eeks after the initial respiratory symptoms with left painful
rbital proptosis and a drop of vision. Clinical examination showed
eft panophthalmitis, total ophthalmoplegia and no PL, black-
sh nasal crusts, and septal ulceration. Combined CT and CE-MRI
cans showed pansinusitis, septal perforation, and extension of
he inflammatory process to the nasopharynx, and both orbital
avities. Other findings included thrombosis of the left cavernous
inus, temporal lobe meningeal enhancement, left ICA vasculi-
is, and left frontotemporal infarction (Fig. 6). Surgical endoscopic
ebridement and left orbital enucleation were done. Histopathol-
gy confirmed the presence of mucormycosis. On day 5; the clinical
ondition deteriorated despite the surgical drainage and improve-
ent of the respiratory condition, with a bloody discharge oozing

rom the left orbital surgical bed. On day 14 the patient developed
ight-sided paraplegia for which CT head was  done and showed sig-
ificant progression of the left frontal-temporoparietal infarctions.
he patient died on day 15.

iscussion
The eight presented cases illustrate the imaging findings of AIFS
ssociated with COVID-19 infection. We  searched Pubmed and Web
f Science for similarly reported cases with the terms ‘invasive
ungal sinusitis’ or ‘mucormycosis’ and ‘COVID-19’ or ‘SARS-COV-
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2’ with language restriction (English), and no date restrictions
(up to March 9, 2021). We  found 18 articles and case reports
with a total of 15 cases reported worldwide with confirmed acute
invasive fungal orbital-rhinosinusitis associated with COVID-19
infection. The first case was reported by Werthman-Ehrenreich8 for
a 33-year-old female patient, who was positive for COVID-19 and
developed mucormycosis with orbital compartmental syndrome.
Her CT head showed significant mucosal thickening of the maxillary
and ethmoidal sinuses, MRI  brain showed ischemic infarctions and
multi-focal cerebral edema that progressed to bifrontal abscesses
on the later scan.8

The second case was reported by Mehta and Pandey9 for a 60-
year-old male diabetic patient who developed orbital symptoms
on day 10 from the start of COVID-19 symptoms. MRI  scan showed
significant mucosal thickening in the right frontal, maxillary, and
ethmoidal sinuses, right orbital proptosis with a soft tissue swelling
in the right preseptal, and retrobulbar tissues. Mekonnen et al.10

reported a case of AIFR associated with COVID-19 ARDS. CT scans
showed opacification of the right-sided paranasal sinuses, lamina
papyracea dehiscence, right orbital proptosis, and cellulitis. Sim-
ilar other three cases of COVID-19 related ARDS were reported
by Sebastian et al.1–21 presented with AIFR with orbital celluli-
tis 10–15 days after the onset of COVID-19 illness their CT scans
showed variable sinuses opacification with internal soft tissue den-
sity. Waisel-Haiat et al.12 reported a case of a female patient who
presented with ROM in a late stage of COVID-19 illness. CT scan
revealed left-sided mucosal thickening of the maxillary, sphenoid,
and maxillary sinuses, left orbital proptosis with periorbital and
midfacial soft tissue swelling.

Sen et al.13 presented a case series of 6 patients with ROM,
five of them were presented after recovery from COVID-19, and
only one patient presented with both infections concurrently. The
radiological findings were not reported in detail, yet five patients
had intracranial extension to the pachymeninges (n = 1), brain
parenchyma (n = 2), cavernous sinus (n = 4), and ICA thrombosis
(n = 1).13 Ahmadikia et al.14 also reported a case presented with
mucormycosis 20 days after recovery. CT was done after sinus
surgery showed maxillary sinus mild mucosal thickening.

Our eight patients were symptomatic for COVID-19 infection
and required hospital admission at different time points through-
out their illness. Like the few previously reported cases of AIFS
in patients with COVID-19,8–14 most of our patients presented
predominantly within a late stage of COVID-19 infection; the
symptoms of AIFS started 12–35 days after the initial COVID-19
diagnosis, with two of those patients presented with AIFS after
recovery from COVID-19 infection.

All our patients had comorbidities; DM (n = 6), hypertension
(n = 2), end stage renal disease (n = 2), hyperlipidemia (n = 2),
ischemic heart disease (n = 1), previous cerebral stroke (n = 1).

The sinonasal imaging findings we encountered were as fol-
lows; opacification of the nasal cavity (n = 8), anterior ethmoidal
(n = 8), posterior ethmoidal (n = 8), maxillary (n = 7), sphenoid
(n = 7), and frontal sinuses (n = 5), according to the degree of
sinonasal mucosal thickening; mild thickening (n = 0), moderate
thickening approaching half of the luminal involvement (n = 4),
severe thickening up to total sinus opacification (n = 4). Exten-
sion to the nasolacrimal duct/sac (n = 6), hard palate (n = 6),
pterygopalatine fossa (n = 5), and peri-antral fat (n = 7) were also
noticed as well as bone dehiscence (n = 7), septal ulceration (n = 7).
Regarding laterality of the disease process; unilateral (n = 3), bilat-
eral (n = 5). For the pattern of the disease process, the eight
patients showed an infiltrative pattern of the inflammatory process

(n = 8).

Orbital infiltration was unilateral in four patients with the
following findings: panophthalmitis (n = 4), orbital compartment
syndrome (n = 1), and optic nerve ischemia/inflammation (n = 2).
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ilateral orbital panophthalmitis occurred in two  patients. Intracra-
ial complications were: perineural spread (n = 6), cavernous sinus

nvolvement (n = 6), meningeal/epidural infiltration (n = 3), ICA
asculitis/thrombosis (n = 4), ICA mycotic aneurysm (n = 1), intrac-
rebral abscess (n = 2), and cerebral infarctions (n = 3).

Radiologic findings of the AIFS in these patients were not pecu-
iar from the pattern previously reported in literature for patients

ith AIFS with other risk factors.15,16 Yet our patients had radio-
ogic features of aggressive late-stage forms of the disease process

ith a consequent long-term morbidity rate of 100% and a high
ortality rate of 37.5%.
Invasive fungal rhinosinusitis is categorized into acute and

hronic forms, the chronic form is either chronic invasive rhinos-
nusitis (CIFS) or chronic granulomatous invasive rhinosinusitis
CGFS).17 Our patients presented with a rapidly progressing course
hat is recognized in the AIFS in contrary to the indolent chronic
ourse that characterizes the chronic invasive forms of fungal
hino-sinusitis that usually arise in immunocompetent hosts.18 The
adiologic features that were encountered in the included cohort
ere of a predominant infiltrative pattern and bone dehiscence;

hese features differ from those described in patients with the
hronic forms of invasive fungal sinusitis. Cho et al.19 reported
even patients with CIFS and four patients with CGFS, five out of
hose eleven patients presented with an infiltrative pattern while
he other six patients had a mass forming pattern. No bone sclero-
is was  noted in our patient’s cohort while all patients described by
ho SJ et al. presented with bone sclerosis.19

Owing to the limited number of our patients, we cannot estab-
ish a theory for the associated incidence of both infections, yet from
he predominant preceding presentation of COVID-19 among our
atients with co-existing health problems, we suggest that COVID-
9 may  have added to the existing health debilitating factors that
ade the patients more susceptible to opportunistic secondary

nfections. Also, prolonged periods of hospital admission might
ave increased this incidence. Prior recent studies reported other
isk factors as COVID-19 associated dysregulated immune response
hat can induce the incidence of secondary fungal infections.5 Other
isk elements that may increase the odds for fungal infections
nclude corticosteroid therapy,20 and the empirical use of a broad
pectrum of antibiotics.21

This case series aims to raise the concerns for early diagnosis of
IFS in patients with COVID-19 infection.

onclusion

AIFS in COVID-19 patients shows variable imaging features simi-
ar to AIFS with other risk factors and radiologists should be familiar

ith these radiologic features.
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