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Introduction
The ongoing novel Coronavirus (COVID-19) disease, known to cause respiratory symptoms 

with pneumonia as the chief manifestation primarily, is associated with many fungal and bacterial 
co-infections [1]. There has been a rapid rise in the incidence of one such entity called Acute 
Invasive Fungal Rhinosinusitis (AIFRS) or Rhino-Orbital Cerebral Mucormycosis (ROCM) in the 
second wave of the COVID-19 pandemic in India, which has led to a significant health crisis, mainly 
associated with the administration of steroid therapy in a background of concomitant hyperglycemia 
[2]. Mucormycosis is a rare, acute, life-threatening, rapidly progressive angioinvasive opportunistic 
infection caused by a ubiquitous group of saprophytic fungi [3]. Rhino-orbital and rhino-cerebral 
forms are the commonest having a documented global fatality of around 50% with very high 
mortality and poor prognosis despite early diagnosis and treatment [4]. The recent upsurge in the 
cases has been ascribed to the immunomodulation and metabolic compromise in post-COVID-19 
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Abstract
Introduction: Acute Invasive Fungal Rhinosinusitis (AIFRS) is a critical and life-threatening, very 
rapidly progressing infection caused by fungi. COVID-19 disease may be associated with fungal co-
infections, especially post-steroid treatment, and severely impaired glycemic control. MRI plays a 
vital role in the early diagnosis and severity of the infection. The purpose of this study is to highlight 
the various spectrums of the imaging findings.

Methods: This is a prospective study done during and following SARS-Coronavirus 2 COVID-19 
infection in India from April 2021 to February 2022. Descriptive statistics was the statistical tool 
used in this study.

Results: MRI of 32 patients showed mainly involvement of the paranasal sinuses (100% of 
patients), nasal cavity (56% of the patients), orbits (47% of the patients), premaxillary, retroantral 
& pterygopalatine fossa (56% of the patients), skull base (34 % of the patients) and intracranial 
spread (25% of the patients). A heterogeneous hypointense signal on T2WI and peripheral 
heterogeneous enhancement with central non-enhancing areas in 15 patients (47%), known as a 
black-turbinate sign. Among intracranial spread, six patients developed cavernous sinus 
thrombosis (19% of the patients ), and four developed vascular infarcts (12.5% of the patients). 
The perineural spread was seen in a single patient (3%).

Results: MRI of 32 patients showed mainly involvement of the paranasal sinuses (100% of 
patients), nasal cavity (56% of the patients), orbits (47% of the patients), premaxillary, retroantral 
& pterygopalatine fossa (56% of the patients), skull base (34 % of the patients) and intracranial 
spread (25% of the patients). A heterogeneous hypointense signal on T2WI and peripheral 
heterogeneous enhancement with central non-enhancing areas in 15 patients (47%), known as a 
black-turbinate sign. Among intracranial spread, six patients developed cavernous sinus 
thrombosis (19% of the patients), and four developed vascular infarcts (12.5% of the patients). The 
perineural spread was seen in a single patient (3%).

Conclusion: Contrast-enhanced MRI shows various spectrums of findings in AIFRS, which hence 
plays a very important role in further assessing the extent of involvement, guiding for treatment, 
and predicting possible complications.
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patients caused by the virus, as well as due to the immunosuppressive 
medical therapy in the form of parenteral and oral steroids, broad-
spectrum antibiotics and immunomodulators [5].

Pathophysiology 
The portal of entry of the fungi is by inhaling the spores, which 

lodge in the upper airway, nasopharynx, nasal cavity, and paranasal 
sinuses, and finally, release hypha after sporulation. The initial 
infection commences in the nasal cavity, presents as acute sinusitis, 
and then rapidly progresses into pan-sinusitis. After the hypha invade 
the walls of the blood vessels and lymphatic's, the angioinvasive 
process is initiated. There is the contiguous spread of infection 
to the paranasal sinuses, palate, orbit, craniofacial soft tissue, the 
base of the skull, and finally into the brain parenchyma, leading to 

aggressive necrosis, infarction, and ischemia of the involved tissues, 
and vascular thrombosis. Extension into the orbit is along the weak 
medial orbital wall, ethmoid sinus groups, and the nasolacrimal 
duct. At the same time, involvement of the brain occurs through the 
superior orbital fissure, the network of vessels, the cribriform plate, 
and via the perineural spread. The pterygopalatine and infratemporal 
fossa are critical for spreading an infection to craniofacial soft tissues 
and at the skull base. Vascular compromise leads to ischemic brain 
infarcts and other complications like cavernous sinus involvement 
and contributes to high morbidity and mortality [6,7].

Patients and Methods 
A prospective study was done during and following SARS-

Coronavirus 2 COVID-19 infection in India from April 2021 to 
February 2022.

Contrast-Enhanced MRI Protocol on 1.5T GE SIGNA Artist 
Scanner. Sequences obtained: 

1. Axial T1, T2W, DWI, and SWI sequences of brain

2. STIR coronal & axial sequences of the PNS & orbits.

3. Contrast-enhanced T1W with fat-suppressed sequences
through the Paranasal sinus, bilateral orbits, and brain after 
Intravenous injection of Gadopentetate dimeglumine (0.1 mmol/kg) 
were acquired. 3D TOF MR Angiography was obtained whenever 
there was evidence of angioinvasion. Images were evaluated for signal 
intensity, contrast enhancement characteristics, and extent.

Results 
MRI of 32 patients showed mainly involvement of the paranasal 

sinuses (100% of patients), nasal cavity (56% of the patients), orbits 
(47% of the patients), premaxillary, retroantral& pterygopalatine fossa 
(56% of the patients), skull base (34% of the patients) and intracranial 
spread (25% of the patients). A heterogeneous hypointense signal on 
T2WI and peripheral heterogeneous enhancement with central non-
enhancing areas in 15 patients (47%), known as a black-turbinate 
sign. Among intracranial spread, six patients developed cavernous 
sinus thrombosis (19% of the patients), and four developed vascular 
infarcts (12.5% of the patients). The perineural spread was seen in a 

Figure 1: Percentage Involvement.

Figure 2: Fungal sinusitis: STIR & T1W (a, b) reveal partial erosion with hypointense signal in the middle & inferior turbinates and nasal septum (arrows). There 
is peripheral enhancement with central non-enhancing areas on contrast images (blue arrow in c,d). There is opacification of paranasal sinuses. e,f: nasal 
endoscopy revealed black turbinates.
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single patient (3%) (Figure 1).

Illustrative cases
• Sino-nasal Involvement (Figure 2).

• Black turbinate sign (Figure 3).

• Intra-orbital involvement (Figure 4, 5).

• Intra-cranial involvement (Figures 6-8).

• Perineural involvement (Figure 9).

• Nasopharyngeal Wall Involvement (Figure 10).

Figure 3: Black turbinate sign: STIR hypointense signal in the right middle & inferior turbinates (b) with non-enhancing areas on contrast images (blue arrow in c).

Figure 4: Intra-orbital intraconal abscess: STIR coronal& axial and T1W axial (a, b) reveal sinusitis with peripheral enhancing lesion showing restricted diffusion 
in intraconal space of right orbit (d).

Figure 5: Lacrimal abscess: STIR & T1W axial (a, b) reveal sinusitis with a fluid-like signal showing peripheral enhancement in the left lacrimal sac (c, d).

Discussion
Acute Invasive Fungal Rhinosinusitis (AIFRS) is an acute, fatal, 

progressing infection caused by fungi. COVID-19 disease may be 
associated with other fungal co-infections, especially after steroid 
treatment, and severely and sudden impaired glycemic control. MRI 
plays a very significant role in the diagnosis and progression of this 
severe infection.

A prompt multi-disciplinary team approach must involve a 
high degree of clinical suspicion, awareness of red flag signs, rapid 
diagnosis, aggressive clinical-surgical management, and early 
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initiation of treatment. Contrast MRI is the modality of choice in 
the early diagnosis, assessment of disease extent, prognosis, planning 
and guiding surgical resection, and identification of complications. 
A four-stage system to describe the extent and severity of the disease 
based on clinical assessment, imaging, and nasal endoscopy has 
been proposed in recent literature. However, most peer-reviewed 

Figure 6: Infarcts in bilateral ACA territory: Bilateral sphenoidal sinusitis (green arrows) with acute infarcts in bilateral frontal lobes (red arrows). MRA reveals 
thrombosis of bilateral ACAs (blue arrow).

Figure 7: Fungal abscess: Right-sided sinusitis with a thin peripherally enhancing lesion in the right frontal lobe showing restricted diffussion (green arrows in d 
and e).

journals describe the condition based on anatomical involvement, 
viz. sinonasal disease, orbital, skull base, craniofacial soft tissue, and 
intracranial involvement [8-10].

Safder et al. [11] published two cases, one of a 66-year-old man 
and another 12-year-old girl with acute fungal rhinosinusitis. They 
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found soft tissue thickening showing heterogeneous T2 hypointense 
signal and heterogenous peripheral enhancement with central non-
enhancing areas and called it the ‘Black turbinate’ sign. In our case, 
we found that 15 out of 32 patients (47 %) showed black turbinate 

Figure 8: Cavernous sinus thrombosis involving ICA: Sinusitis with loss of flow void in the cavernous segment of right ICA. Filling defect in cavernous 
sinus post-contrast images (green arrows in d and e) . Small acute infarcts in the right ACA-MCA watershed territory (green arrows in e).

Figure 9: Perineural extension along trigeminal nerve: a-c) reveal thickening with peripheral enhancement along mandibular/V2 nerve (green arrows). d-f) 
shows involvement of the cisternal segment of the right trigeminal nerve (arrows).

signs making it significant [10,11].

Conclusion 
Contrast-enhanced MRI plays a crucial role in detecting and 
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Figure 10: Fungal sinusitis with nasopharyngeal wall involvement (blue arrow from a-c) and maxilla (green arrows in d-f).

diagnosing AIFRS, assessing the extent of involvement, delineating 
the spread of disease, guiding treatment protocols, and predicting 
and identifying the complications. MRI has unparalleled soft tissue 
characterization and is the cornerstone of imaging complex intra-
orbital, intracranial, vascular, and perineural involvement in AIFRS.
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