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ABSTRACT

Background: The gravity of “second wave” of COVID-19 has effaced many new challenges in India; mucormycosis
being a recent one. Diabetes mellitus (DM) is a known significant risk factor for mucormycosis. Here, we present
our experience with rhino-orbital-cerebral mucormycosis (ROCM) during the “second wave of COVID-19” at a
tertiary health care centre in North India.

Methods: This case series includes four cases of ROCM that were managed by our neurosurgical team in view
ofcerebral involvement.

Results: All the cases with an exception of one (Case 1), had a history of treatment for COVID-19 pneumonia.
Case 2, 3 had undergone functional endoscopic sinus surgery (FESS) and orbital decompression before the onset
of cerebral involvement; Case 4 underwent FESS and cranial surgery in the same sitting. All the patients had a
history of DM and all the cases treated for COVID-19 pneumonia had a history of treatment with corticosteroids.
Two patients underwent surgery with the exception of one patient, who did not provide consent for the same.
One patient expired before surgical excision could be attempted.

Conclusion: Regular and intensive follow-up is the key in swift detection and management of ROCM in post-
COVID patients. While surgical excision is advisable in the fungal lesion, it must be borne in mind that radical
excision of cerebral lesions is associated with morbidity, delayed recovery, and prolonged ICU stay. Culture
and sensitivity-based antibiotics should be used judiciously as fever is a common postoperative complication.
Blood sugar monitoring and control of DM are paramount in this condition. Steroids should be avoided in the
management of cerebral edema with judicious use of hypertonic saline or mannitol.

Keywords: Abscess, COVID-19, Diabetes, Mucormycosis, Rhino-orbital-cerebral mucormycosis, Steroids

INTRODUCTION

COVID-19 has affected the global population physically, mentally, and economically. India is
one of the worst affected countries in the world. The “second wave” has been especially severe,
causing much morbidity and mortality.

With an increased number of patients, newer data on complications after recovery from
COVID-19 pneumonia have come forth. A few days after being discharged, the COVID-19
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recovered patients are being brought to the emergency
room with orbital swelling, discoloration, nasal discharge,
headache, and fever, among other symptoms. We are treating
such cases of mucormycosis with cerebral extension in our
daily practice.

We share our experience, a series of four cases, with rhino-
orbital-cerebral mucormycosis (ROCM) and the challenges it
offers, especially concerning a COVID-19 recovered patient
from a neurosurgical standpoint.

CASE DESCRIPTION
Case 1l

A 47-year-old man, a known case of polycystic kidney
disease (PCKD) and hypertension (HTN), was admitted with
complaints of toothache, right eye pain, orbital swelling for
3 weeks, fever, and dyspnea of 1-day duration. The patient
had a history of tooth extraction 10 days before the onset of
symptoms. The patient presented with GCS of E4V5M6 with
no focal neurological deficit. CBNAAT examination done at
admission was negative for COVID-19.

CE-MRI done 6 days before admission was suggestive of
mucormycosis involving right paranasal sinus extending to
right orbit, with a black turbinate sign along with cerebral
atrophy with white matter changes. His right eye vision
deteriorated rapidly; hence functional endoscopic sinus
surgery (FESS) with orbital decompression was done on
an emergency basis. Histopathology thus obtained was
suggestive of mucormycosis, which was concurrent with the
findings of the nasal swab.

The patient had one episode of secondarily generalized
seizures, following which the patient became drowsy (GCS-
E3V4M6) and developed left-sided weakness power (upper
limb 1/5, lower limb 3/5). Restricted movement of the
right eye was also observed. Fundus examination revealed
temporal disc pallor with featureless retina.

Contrast MRI brain was planned but could not be obtained
due to poor renal function (dialyzed thrice). Non-Contrast
MRI brain [Figure 1] revealed target shaped lesion in the
right frontal lobe (3.3 x 2.8 ¢cm) causing moderate peri-
lesional edema. T2W image showed a central hyperintense,
peripheral hypointense signal. Peripheral diffusion restriction
on DWI and blooming on GRE image was observed. The
right central semiovale, periventricular region, thalamus, and
medial aspect of the right temporal lobe displayed evidence
of acute infarcts. Flow void in the right internal carotid artery
was suggestive of thrombosis and right cavernous sinus
thrombosis was seen.

During hospitalization, the patient developed sepsis with
blood cultures revealing the growth of Kluyvera intermedia
and Pseudomonas aeruginosa. After blood culture analysis, he

Surgical Neurology International « 2021 « 12(538) | 2

was treated with amphotericin-B, meropenem, clindamycin,
polymyxin-B, and posaconazole. The patients general
condition deteriorated rapidly thus, he was taken up on
supportive measures, including mechanical ventilation and
inotropes. He expired soon before surgical excision of the
intracranial lesion could be performed. (Refer to [Table 1] for
relevant blood investigation reports).

Case 2

A 36-year-old male, with a history of diabetes mellitus (DM)
and HTN, post COVID-19 pneumonia, was readmitted
10 days after discharge with complaints of ptosis and
restricted movements of the right eye. The patient was
conscious and oriented to time, place, and person with no
motor deficits, however, the light reaction of the right eye
was sluggish.

The patient had undergone bilateral FESS and orbital
decompression during the previous admission.

CE-MRI brain [Figure 2] was suggestive of pan-sinusitis
with intracranial extension into the right frontal region.
A heterogeneous area of signal alteration was seen in the
right frontal region, along with heterogeneous hypointense
signal in the center on long TR images with shaggy
peripheral enhancement on post-contrast images. A small
peripherally enhancing lesion was also seen in the adjoining
left basifrontal region. Multiple tiny nonspecific ischemic foci
in the subcortical white matter of frontoparietal regions were
observed along with significant flow voids.

The patient was taken up for surgery, and a right frontal
craniotomy was done. Lobectomy was performed in the
anterior frontal area containing the abscess formed of thick
greenish pus. All pus and necrotic tissue material was excised
and sent for biopsy, which consequently, on histopathological
examination was suggestive of mucormycosis.

During the immediate postoperative period, patient
developed left-sided weakness (power 2/5), which gradually
improved throughout treatment. It was noted that the patient
was allergic to liposomal amphotericin B, therefore, he was
started on emulsion Amphotericin B, to which he responded
well. Urine culture done for fever episodes revealed
Enterococcus fecium, which was managed by upgrading
antibiotics based on culture sensitivity reports.

The patient was managed in ICU for 23 days and was
discharged 34 days after surgery. At discharge patient was
E4V5M6, with left-sided power of 3/5 and grip weakness.
(Refer to [Table 1] for relevant blood investigation reports).

Case 3

A 46-year-old female, known case of DM, recovered from
COVID-19 pneumonia was readmitted a week after discharge
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Figure 1: Non- Contrast MRI brain of Case 1. TIW image (a) T2W axial view (b) DWI image (c) T2W coronal view (d) T2W Sagittal

view (e).

Table 1: Blood Investigations.

Blood tests Case 1 Case 2
Haemoglobin 7.1 7.4
TLC 39.8 13.5
D-Dimer 2875 413
CRP 137.27 136.84
Procalcitonin 9.79 4.4
Hb Alc 5.6 10.4
Urea 153.2 34.3
Creatinine 5.32 0.8
Sodium 144.1 128.7
Potassium 4.15 5.55
Chloride 109.5 87.9
Bicarbonate 14.5 11.5
Calcium 7.8 6.2
Total bilirubin 0.44 0.31
AST 494 36.7
ALT 70.1 46.6
INR 1.43 0.87
PT 17 13

Case 3 Case 4 Normal ranges
8.6 8.7 13.0-17.0 g/dl
11.4 17.9 4.0-10.0 (1019)
161 143 0-243 ng/ml

113.95 139.6 <5.0 mg/L
0.1 0.24 <0.50 ng/ml
9.5 8 4.27-6.07%
224 44.1 17.12-55.64 mg/dl
0.62 0.59 0.9-1.3

133.9 135.7 136-144 mmol/L
4.28 4.02 3.6-5.1 mmol/L
99.8 99.9 101-111 mmol/L
20.5 19.6 22-29 mmol/L
8.6 6.1 8.9-10.3 mg/dl
0.42 0.82 0.3-1.2 mg/dl
25.6 13.7 15-41 IU/L
28.4 8.4 17-63 IU/L
1.76 L.5
20.9 17.8 12.1-15.1 sec

with complaints of sudden onset headache, vomiting and
altered mental status. FESS and orbital decompression had
been performed for fungal sinusitis during the previous
admission. The histopathology examination revealed fungal
elements indicative of mucormycosis. The patient was
discharged 8 days after surgery.

On presentation to the hospital, she was drowsy with GCS of
E2V4M6 and had a left-sided weakness (power of 3/5).

CE-MRI brain [Figure 3] was suggestive of communicating
hydrocephalus with periventricular ooze, along with
extensive signal alteration along cerebral sulci and basal
cistern, indicating meningitis. Abnormal enhancement was
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Figure 2: CE- MRI brain of Case 2. TIW image axial view (a) TIW
contrast image axial (b), sagittal(c), and coronal (d) views.

Figure 3: CE MRI brain of Case 3. T1W image axial view (a) TIW
contrast image axial (b), sagittal(c), and coronal (d) views.

seen in the region of the right Meckel’s cave and trigeminal
nerve along with a ring-enhancing lesion in the right
temporal region. Multiple small nodular acute infarcts were
seen in the right frontoparietal region.

Surgical excision of the lesion was planned; however,
consent wasn't provided by patient as well as the
attendants, hence leaving the hospital against medical
advice. (Refer to [Table 1] for relevant blood investigation
reports).
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Case 4

A 70-year-old male, recovered from COVID pneumonia, was
admitted with chief complaints of headache for a duration of
2 weeks. On examination, green nasal discharge was seen in
the right nasal cavity. The patient had a history of DM, HTN
and post percutaneous transluminal coronary angioplasty.

The patient had been discharged after undergoing treatment
for COVID-19 pneumonia 2 months back. He was treated
with corticosteroids in his weeklong hospitalization and was
prescribed Dexamethasone in tapering doses over a period
of 6 days.

CE- MRI brain [Figure 4] was suggestive of a target-
shaped lesion signal alteration in the right frontal lobe,
inferomedially in paramedian location, with peripheral
enhancement and non-enhancing center. The lesion was
contiguous with ethmoidal air cells on the right. Major
flow voids along with chronic ischemic changes in bilateral
subcortical and deep periventricular white matter were seen.

Neurosurgical and ENT surgeons teamed up to take up the
surgical challenge. Abscess excision with FESS and orbital
decompression was done in a single sitting.

Right Frontal craniotomy was performed and abscess cavity
was accessed via sub-frontal approach. After the evacuation
of greenis pus [Figure 5], the abscess wall was cauterized
and excised. It was seen that the cribriform plate, ethmoidal
sinus, and falx were eroded, therefore, the base of the skull
was repaired with a peri-cranium patch and glue. A lumbar
drain was also put to prevent cerebrospinal fluid leakage and
swift healing of the skull base. The patient gradually improved
post-operatively with no new-onset neurological deficit.
On his 2™ Postoperative day, lumbar drain was removed.
Postoperatively, the patient was started on amphotericin B and
meropenem intravenously. However, on the 9% postoperative
day, he had an episode of GTCS, therefore, dual antiepileptics
(which antiepileptics? Please mention) were started.
Subsequent, contrast MRI brain, did not show any significant
residual mass lesion, and the patient was shifted to the surgery
ward after 10 days of ICU monitoring.

Throat culture done for intermittent fever revealed Klebsiella
pneumoniae. Culture-appropriate antibiotics were started,
and the patient responded positively to the treatment. (Refer
to [Table 1] for relevant blood investigation reports).

DISCUSSION

Mucormycosis is an invasive infection caused by fungi
of the order Mucorales, which includes Rhizopus, Mucor,
Rhizomucor, Cunninghamella, and Absidia® and Rhizopus
oryzae, the latter being the most commonly implicated
organism in this illness.!"’!
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Figure 4: CE-MRI brain of Case 4. TIW image axial view (a) TIW
contrast image axial (b), sagittal(c), and coronal (d) views.

Figure 5: Intraoperative image of case 4. Green-colored pus of
mucormycosis.

Epidemiologically, this disease is 70 times more common
in India than rest of the world.”! Although, there are no
population-based studies to give an exact incidence of
the disease, according to computational assessment by
Chakrabarti et al., the prevalence in India is 14 cases/100000
population.”?!

DM is the most significant risk factor in developing countries
like India, while in the developed world, malignancy is a huge
predisposing factor to mucormycosis. These predisposing
factors weaken the immunity, thereby making the patient
susceptible. According to some studies, the risk factors
may also determine the clinical manifestation and systemic
involvement, with DM more likely to predispose to ROCM
and malignancy associated with pulmonary involvement.!”

Angioinvasion is the hallmark of mucormycosis!"! and
the most common pattern in patients with DM is ROCM.
Other manifestations include pulmonary, cutaneous,
gastrointestinal, disseminated, and localized infections."*'* It
is noteworthy, that ROCM is an entity that includes a confined
sino-nasal infection, exclusive rhino orbital involvement
and can present with rhino orbital cerebral manifestation.
In a review of 929 cases of mucormycosis done by Roden
et al, 30% of the patients had cerebral involvement. The
cerebral involvement occurs by direct transmission from a
paranasal sinus (70%) and hematogenous spread, making
isolated central nervous system (CNS) involvement, a known
occurrence in intravenous drug abusers. "

The initial paranasal sinus involvement is not
characteristically distinguishable from a more common
sinusitis, with usual symptoms of pain, congestion, and
altered sense of smell. The disease is notoriously rapid in
its progression, advancing to involve the orbit which can
clinically present as swelling, restricted eye movements, and
discoloration. Deteriorating vision is a significant sign of
involvement of the optic nerve. Cerebral involvement can
present clinically with focal seizures, neurological deficits,
and altered mental status however, it is important to know
that the cavernous sinus is the first structure to be involved
in CNS, manifesting with the decreasing function of its
constituent structures (i.e.,CN IIL, IV, VI, V1, and V2).l¢!

Radioimaging such as MRI usually reveals infarcts and
abscesses that frequently involve basal ganglia."" Thrombosis
and flow voids are common to be seen in the cavernous sinus,
basilar artery, and internal carotid artery.!" Raised lactate and
depleted NAA with the presence of acetate and succinate has
been reported in literature.!'”

A review study done by Singh et al. in May 2021 reported
a total of 101 cases of mucormycosis with COVID-19
globally, out of which 82 were from Indian strata. As per
the review, 22 patients had CNS involvement. Diabetes and
steroid administration were associated with mucormycosis
in 80% and 76.3% cases, respectively.”! A riveting finding
that has been evident in literature is the predisposition of
carcinoma patients to mucormycosis, after administration
of a cumulative dosage of >600 mg of Prednisone in the
preceding 4 weeks of infection. It has been reported that
the above said dosages, predisposes carcinoma patients to
zygomycosis.®! In another study, Jimenez et al. reported a
dosage of 2-7 g of methylprednisone, predisposes those
patients to zygomycosis, who have undergone solid organ
transplantation.®

Our experience

We encountered four patients of ROCM with cerebral
involvement at our institution. ([Table 2] summarizes the
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Table 2: Case description.

Case Age/ Presentation  Past history Comorbidity

no. sex

1. 47/M  Right eye Tooth 1. PCKD
pain, orbital extraction 2.HTN
swelling, 3. DKA
tooth-ache,
fever, dyspnoea

2. 36/M  Ptosis right Covid 1.DM
eyelid, recovered 2.HTN
restricted FESS, orbital
movements of  decompression
the right eye

3. 46/F  Sudden onset ~ COVID 1. DM
headache, recovered
vomiting, FESS, orbital
altered mental ~ decompression
status.

4. 70/M  Headache COVID 1. DM

recovered 2.HTN
1. PTCA

Major MRI findings Rx Outcome
A target-shaped lesion  Liposomal Expired
in the right frontal amphotericin-B,

lobe. meropenem,

Acute infarcts were clindamycin,

seen in the right central polymyxin-B,

semiovale, thalamus. posaconazole

Right cavernous sinus
thrombosis.

Flow void in the right
internal carotid artery.

Pansinusitis, Peripheral ~Surgery (Anterior =~ Discharged
ring-enhancing lesion  frontal lobectomy, 34 days after
in the right frontal with excision of surgery
region. Multiple abscess)

ischemic foci in the Emulsion

subcortical white amphotericinB,

matter of frontoparietal caspofungin,

regions. Major flow isavuconazonium

voids were present. sulfate,

Left basifrontal small ~ meropenem,

peripherally enhancing ceftriaxone,

lesion amikacin, linezolid
Communicating Liposomal LAMA
hydrocephalus. amphotericin B

Ring enhancing lesion

in the right temporal

region. Multiple small

nodular acute infarcts

were seen in the right

frontoparietal region.

Enhancement in the

region of right Meckels

cave and trigeminal

nerve.

Right frontal Surgery (Excision =~ Recovering
lobe peripheral of pus cavity),

ring-enhancing Liposomal

lesion contiguous amphotericin

with ethmoidal air B, polymyxin B,

cells on the right. meropenem

Chronic ischemic
changes in bilateral
subcortical and deep
periventricular white
matter. Major flow
voids.

PKCD: Polycystic kidney disease, HTN: Hypertension, DM: Diabetes mellitus, PTCA: Percutaneous transluminal coronary angioplasty

case details.) One patient (case 1) with no history of being
affected by COVID-19 pneumonia, presented with an
unusual symptom of a toothache. He had undergone dental
extraction around 10 days before the onset of symptoms.
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Authors would like to highlight that such presentation is
anecdotal."

The other cases (2, 3, and 4) had been under hospital care
for COVID-19 treatment. Case 2 and 3 had undergone FESS
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and orbital decompression for rhino-orbital mucormycosis
during the previous admissions and Case 4 underwent
craniotomy for abscess excision and FESS in the same sitting.

With a history of 2 previous admissions, Case 2 was initially
discharged after treatment for COVID-19; however, on the
3" day of discharge, he was admitted again with features of
ROCM, for which FESS and orbital decompression were
done. He was discharged on the 4™ post-operative day but
had to be readmitted, on the 6™ day of discharge in view
of progression of ROCM with the involvement of the right
frontal lobe.

Case 3 had a history of a single previous admission where
initially, she was treated at another facility for 16 days
followed by a referral to our institution. The management
plan included treatment of COVID-19 pneumonia and
FESS with orbital decompression. She was discharged on the
8" postoperative day but returned a week later with altered
mental status.

Case 4 was treated at another facility for COVID around
2 months back for around a week and discharged following
which e patient developed symptoms of ROCM in 2 months.

It is interesting that unlike cases 2 and 3, patient 4 had a
relatively more extended, uneventful period of approximately
2 montbhs. It alerts us to be cautious in following up on post-
COVID patients, especially with predisposing factors, even
during a later stage.

All patients in our study had a history of DM. While case
1 had controlled DM (Hb Alc - 5.6%), patients 2, 3, and 4
had poorly controlled diabetes with Hb A1C of 10.4%, 9.7%,
and 8.0%, respectively. Thus, impaired blood sugar control
is paramount during management, requiring specialist
guidance.

Among other comorbidities, patient 1 was also known to
have PCKD, making treatment trickier. The patient needed
regular dialysis, and a more comprehensive CE-MRI brain
could not be performed. Patients 3 and 4 were known
cases of HTN, which was controlled on medical treatment.
Intraoperative and postoperative maintenance of blood
pressure in an ideal range is a must to attain a positive
clinical outcome.

Common findings included target-shaped, right-sided
lesions, areas of infarct, and flow voids. in all cases. The
frontal lobe was the commonly involved region except for
case 3, where the lesion was located in the right temporal
lobe. Cavernous sinus thrombosis was observed in one
case (Case 1). Only in case 3, Meckel’s cave and trigeminal
nerve involvement could be appreciated on MRI. On
histopathology, in all four patients, nonseptate fungal hyphae
were seen on PAS and silver stain, while fungal culture
showed growth of R. oryzae in only cases 1 and 3.

Intravenous steroids had been administered to Cases 2, 3,
and 4 during their treatment for COVID-19 pneumonia.
Upon discharge, oral steroids had been prescribed, tapered
typically over 1 week period.

Amphotericin B is the drug of choice for mucormycosis,
liposomal amphotericin B being the favored injectable
formulation. In our experience, one of the patients (case 2)
had a hypersensitive reaction to it; hence amphotericin B
emulsion was administered, which was tolerated well by the
patient. It is crucial to bore in mind here that antibiotics need
to be used judiciously in such cases, based strictly on cultures.

Surgical excision of the infected tissue remains the primary
treatment of choice for mucormycosis.” However, according
to more recent studies, extensive resection has not led to
improved survival in patients.'”? Given the nature of the
disease, early surgical excision is mandated. The patients
general condition also needs to be borne in mind to get a
maximal beneficial outcome. The authors could plan surgical
excision at the earliest as the disease was localized, involving
the frontal and temporal lobes with abscess formation
so authors would like to conclude that such a localized
presentation usually allows for a restricted surgical excision
thus minimizing postoperative neurological deficits.

CONCLUSION

Treating COVID-19 pneumonia patients is a challenge,
especially with a background of DM which is a strong
predisposing factor for mucormycosis. Despite recovery,
follow-up visits of such patients should be comprehensive
with a watchfulness over, even a trivial complaint such as
toothache. This can help clinicians in early detection and
proactive treatment of the infection. The authors recommend
expedited surgical excision of a localized fungal lesion while
keeping in mind that radical excision of cerebral lesions is
associated with morbidity, delayed recovery, and prolonged
ICU stay. Culture and sensitivity-based antibiotics should be
used judiciously and steroids must be used with reasonable
caution, especially in people with diabetes while keeping the
diabetes under control. Cerebral edema, if present, should be
managed with hypertonic saline or mannitol with avoidance
of steroids. Postoperative fever is a common occurrence but
overall recovery is uneventful.
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