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Dedicated to all those who have perished as a result of this dreadful
disease, as well as the families who have borne the anguish of mutilating
treatments on their loved ones while staying strong.



Foreword

This book authored and edited by Drs Nishi Gupta and Santhosh Honavar
provides invaluable information on Rhino-Orbital-Cerebral Mucormycosis
(ROCM). Not commonly encountered in most developed countries, ROCM
labelled as “Black Fungus” made headlines all over the world, as it blazed,
fast and furious, through the sub-continent of India, creating an avalanche of
cases, during the second wave of Covid-19 pandemic, that took place for
several months in 2021. Almost 50000 cases were reported in three months
ending July 2021.

This book is a compilation of personal and institutional experiences of
several authors who risked their lives to fight this deadly disease. The chal-
lenges faced were insurmountable, but they fought valiantly. The battle is far
from over and the fight against Covid-19 related mucormycosis continues.

The large number of cases led to a better understanding of this disease and
its management which is expressed in this book. Each individual chapter pro-
vides invaluable up-to-date information on all aspects of ROCM including
aetiology, pathophysiology, clinical behaviour, clinical features, diagnostic
modalities, histopathology and treatment.

A debate on classification and prognostic guidance for ROCM has also
been proposed. All chapters are accompanied with images and illustrations to
provide for a better understanding. As an example, the chapter on histopathol-
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Foreword

ogy is accompanied with excellent pictures showing some rarely seen histo-
logical features.

The vital role of imaging, such as computed tomography (CT) scan, mag-
netic resonance imaging (MRI) and its various sequences, such as DWI, T1,
T2, STIR, FLAIR, CISS and FIESTA, in making an early diagnosis, assess-
ment of the extent of the disease, staging and surgical planning and subse-
quent follow-up evaluation has been well discussed.

The chapters on treatment, including medical treatment ranging from tra-
ditional Amphotericin to newer Azoles and adjunctive treatments are very
well written. The pharmacodynamics, dosage and methods on administration
and their role in the management of ROCM are discussed and easy to
understand.

Surgical debridement of ROCM is, undoubtedly, challenging. Familiarity
to how it spreads and the anatomical regions involved, guided by imaging
studies, is the key to surgical debridement. This can be achieved both by
endo-nasal and open approaches. Indications for surgery, both endo-nasal and
open approaches have been discussed and illustrated by several case reports,
in this book.

Each article has several learning points and clinical pearls to offer. These
collectively become a treasure trove of information for physicians and sur-
geons interested in this disease. My congratulations to all the contributors for
an excellent work!

Dharambir S. Sethi
NUS-Duke Graduate Medical School, Singapore, Singapore
Novena ENT — Head & Neck Surgery Centre, Singapore, Singapore



Preface

There was a definite goal in mind when developing a textbook on Rhino-
Orbito-Cerebral Mucormycosis (ROCM) at the time. The desire evolved as a
result of a dreadful disease that claimed the lives of those who were impacted
by it.

The unexpected surge in cases, the disease’s aggressiveness, its unpredict-
able course, and acute shortages of pharmaceuticals and equipment accesso-
ries made it seem as if the entire universe had come down to put our endurance,
talent, and courage to the test in the face of this unique situation.

Every day was a new learning experience, with new approaches being
investigated and discoveries being documented and compared. In summary,
every effort was made to pick up as soon as feasible and to save as much as
possible. As a result of this, several forums with all of the essential skills to
treat ROCM were developed.

This book captures the essence of all we learnt during the outbreak.
Pathogenesis, diagnosis, and an emphasis on culture-independent diagnostic
techniques, as well as required surgical processes and specific advancements,
are all presented. As a result of our interactions with those patients, several
debates have erupted on a variety of topics. This publication was written with
the help of clinicians from several specialties. The topic of future directions
was explored. Invasive fungal diseases, particularly in rhino-orbito-cerebral
areas, require much greater attention.

Daryaganj, Delhi, India Nishi Gupta
Hyderabad, India Santhosh G. Honavar
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Introduction

Nishi Gupta

Rhino-orbital-cerebral-mucormycosis (ROCM)
was earlier known as orbital zygomycosis due to
prominent ocular symptoms resulting from fun-
gal infections caused by fungi in the order
Mucorales with Rhizopus oryzae as the most
common species [l, 2]. ROCM is a life-
threatening fungal infection that usually occurs
in an immunocompromised host and presents ini-
tially as vision loss, ptosis, diplopia, and ophthal-
moplegia. If left untreated, ROCM can progress
to complete vision loss and death [1, 2]. However,
since the COVID pandemic, ROCM has been
affecting an increasing number of immunocom-
petent individuals who have substantial ocular
symptoms.

Rhizopus oryzae is a fast growing aseptate fil-
amentous fungi that causes 90% of rhino-orbito-
cerebral infections. It possesses angioinvasive
properties and has a mortality rate of up to 50%
[2,3].

The first case of mucormycosis was described
by Friedrich Kiichenmeister in 1855 [4]. The term
“Mycosis Mucorina” was first coined by Arnold
Paltauf in 1885 in a case involving the sinuses,
brain, and gastrointestinal tract, following which
the term “mucormycosis” became popular [4]. In
1955, Harris described the first case of a patient
with Cerebro-rhino-orbital mucormycosis [3, 5].

N. Gupta (D<)
Dr Shroff’s Charity Eye Hospital, New Delhi, India

Mucormycosis is becoming more common
around the world, but it is especially prevalent in
India due to untreated diabetes mellitus [6—11].
The prevalence of mucormycosis in India before
the COVID-19 pandemic was approximately
0.14 cases per 1000 population, which is 80 times
more than the prevalence in developed countries
[12, 13]. The number of instances of ROCM
infection has increased dramatically during the
second wave of the COVID-19 pandemic [12-
14]. The Indian Council of Medical Research
issued guidelines for recognizing and treating
COVID-19-associated mucormycosis [15]. In
India on Jun 28, 2021, there were 40,845 con-
firmed cases of mucormycosis, with 3129 mor-
talities. From these cases, 85.5% (34,940) had a
history of being infected with SARS-CoV-2, and
52.69% (21,523) were on steroids; also 64.11%
(26,187) had diabetes [15, 16]. The progression
has been aggressive needing mutilating surgeries
like orbital exenteration, palatal resection, and
intracranial intervention. Therefore, establishing
an early diagnosis of mucormycosis is crucial for
initiating aggressive antifungal medication and
is linked to improved survival [17, 18]. The cor-
rection of the underlying systemic condition and
surgical debridement is equally important [17].

Although tissue culture aids diagnosis, non-
culture methods like quantitative polymerase
chain reaction are also required for quick diagno-
sis [19-21]. A real-time PCR assay was developed

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2022 1
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for Rhizopus, mucor, and Cunninghamella spe-
cies targeting 28SrRNA gene [22].

Computed tomography reveals only pansi-
nusitis in patients with rhino-orbital-cerebral ill-
ness, therefore, lack of soft tissue delineation or
absence of deeper infection on computed tomog-
raphy does not rule out mucormycosis. Magnetic
resonance imaging (MRI) is more sensitive than
computed tomography for the detection of orbital
and intracranial structures [23].

Advanced radiological techniques involv-
ing multiple MRI sequences such as TIW,
T2W fat-suppressed, TIW contrast-enhanced,
Diffusion-weighted, and MR angiography are
required to distinguish mucormycosis from other
infections during the significant spike of ROCM
patients imaging has emerged to be the most
crucial investigation in COVID pendemic. The
findings on MRI were pathognomonic of the
invasive fungal infection even before the micro-
biological diagnosis. Even if hyphae are not vis-
ible on microscopy, and the culture fails to grow
them due to their fragility, MRI can help con-
firm the diagnosis and begin treatment. However,
a histopathological diagnosis is required for
major resections such as orbital exenteration.

In most cases unique ocular signs were
the first symptom, and typical MRI findings
were the highlights in cases with ROCM dur-
ing this mucor epidemic. The spread of mucor
in ROCM was irregular, unrelated to the immu-
nocompetent or immunocompromised condition,
and did not follow a predictable course. There
were aggressive cases where patients had no
nasal signs but presented with an intracranial
infarct with pustules on the skin, unilateral facial
pain, and so on. The treating team of otorhino-
laryngologists, radiologists, ophthalmologists,
neurosurgeons, and microbiologists was always
battling to come up with the best techniques for
dealing with these cases.

MRI is the most informative approach for map-
ping the disease prior to any surgical inter-
vention. It has greatly improved the result by
identifying the extent of resection based on
MRI and for postoperative follow-up, it has
significantly improved the outcome. Making

MRI accessible to majority of the centers will
undoubtedly aid in improving patient outcomes.

Since there is thrombosis and necrosis of
the blood vessels resulting in tissue necrosis,
surgical debridement of the necrotic tissue
is necessary. Patients who did not have surgi-
cal debridement had a higher mortality rate
than those who were operated on and under-
went surgical debridement [24-32]. At the
same time rectifying the underlying systemic
problems with the help of a multidisciplinary
team is critical to patient’s long term survival.
The detailed pathogenesis of the COVID-related
mucormycosis which has been discussed in sub-
sequent chapters enables for the identification
and management of these predisposing factors.

The care of ROCM cases presents a num-
ber of obstacles, including quick diagnosis
and complete management, which requires the
involvement of a multidisciplinary team. This
book discusses numerous approaches to deal-
ing with ROCM cases in order to obtain an
optimal outcome. Various microbiologi-
cal approaches including molecular methods for
the quick diagnosis of mucormycosis, have been
described. For further confirmation of the diag-
nosis, histopathological procedures have been
detailed separately.

The profile of patients returning with resid-
ual/recurrent disease was analysed in a separate
chapter, and the useful insights acquired were
highlighted. A detailed chapter on classification
dilemma is included in ROCM that shows that
a prognostic-based strategy rather than a stage-
based resection is most suited. Surgical debride-
ment, antifungal medicine dose as well as switch
therapy, must all be done correctly.

Aggressive debridement and use of com-
bination antifungals were explored. A chap-
ter on future directions in the management of
mucormycosis has been written based on our
findings. More research on the sensitivity and
susceptibility of antifungal drugs as well as the
development of freely available molecular meth-
ods for mucormycosis is required.

As a result, future directions must be well and
properly defined, given the rising number of
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patients,

long waiting periods, and critical

demand for equipment and accessories. A team
of otorhinolaryngologists, radiologists, neurosur-
geons, ophthalmologists, faciomaxillary surgeons,
and microbiologists are needed for comprehensive
management of ROCM. As noted in coming chap-
ters advanced equipment with training facilities as
well as additional research in the field of mucor-
mycosis with cost regulation of antifungal medica-
tions, would aid in the better manage ROCM.

References

10.

. Ambrosioni ],

. Mukherjee B, Raichura ND, Alam MS. Fungal

infections of the orbit.
2016;64(5):337-45.

Indian J Ophthalmol.

. Roden MM, Zaoutis TE, Buchanan WL, Knudsen TA,

Sarkisova TA, Schaufele RL, et al. Epidemiology and
outcome of zygomycosis: a review of 929 reported
cases. Clin Infect Dis. 2005;41(5):634-53.

. Ma L-J, Ibrahim AS, Skory C, Grabherr MG, Burger

G, Butler M, et al. Genomic analysis of the basal lin-
eage fungus Rhizopus oryzae reveals a whole-genome
duplication. PLoS Genet. 2009;5(7):e1000549.
https://doi.org/10.1371/journal.pgen.1000549.

. Chander J. Mucormycosis. In: Textbook of medi-

cal mycology, vol. 26. 4th ed. New Delhi: Jaypee
Brothers Medical Publishers; 2018. p. 534-96.

. Harris J. Mucormycosis: report of a case. Pediatrics.

1955;16:857-67.

. Torres-Narbona M, Guinea J, Martinez-Alarcén

J, Muiloz P, Gadea I, Bouza E. Impact of zygomy-
cosis on microbiology workload: a survey study in
Spain. J Clin Microbiol. 2007;45:2051-3. https://doi.
org/10.1128/JCM.02473-06.

. Bitar D, Van Cauteren D, Lanternier F, Dannaoui E, Che

D, Dromer F, Desenclos JC, Lortholary O. Increasing
incidence of zygomycosis (mucormycosis), France,
1997-2006. Emerg Infect Dis. 2009;15:1395-401.
https://doi.org/10.3201/eid1509.090334.
Bouchuiguir-wafa K, Garbino
J. Emerging invasive zygomycosis in a tertiary care
center: epidemiology and associated risk factors. Int J
Infect Dis. 2010;14:e100-3. https://doi.org/10.1016/j.
1jid.2009.11.024.

. Saegeman V, Maertens J, Meersseman W, Spriet

I, Verbeken E, Lagrou K. Increasing incidence of
Mucormycosis in university hospital, Belgium. Emerg
Infect Dis. 2010;16:1456-8. https://doi.org/10.3201/
eid1609.100276.

Kontoyiannis DP, Yang H, Song J, Kelkar SS,
Yang X, Azie N, Harrington R, Fan A, Lee E,
Spalding JR. Prevalence, clinical and economic
burden of mucormycosis-related hospitalizations

11.

12.

13.

14.

15

16.

17.

19.

20.

21.

22.

in the United States: a retrospective study. BMC
Infect Dis. 2016;16:730. https://doi.org/10.1186/
$12879-016-2023-z.

Guinea J, Escribano P, Vena A, Muioz P, Martinez-
Jiménez MDC, Padilla B, Bouza E. Increasing
incidence of mucormycosis in a large Spanish hos-
pital from 2007 to 2015: epidemiology and micro-
biological characterization of the isolates. PLoS One.
2017;12:e0179136.  https://doi.org/10.1371/journal.
pone.0179136.

Skiada A, Pagano L, Groll A, Zimmerli S, Dupont
B, Lagrou K, et al. Zygomycosis in Europe: analysis
of 230 cases accrued by the registry of the European
Confederation of Medical Mycology (ECMM) work-
ing group on zygomycosis between 2005 and 2007.
Clin Microbiol Infect. 2011;17(12):1859-67. https://
doi.org/10.1111/§.1469-0691.2010.03456.x.
Arunaloke C. Fungal infections in Asia: eastern fron-
tier of mycology. Elsevier; 2013.

Prakash H, Ghosh AK, Rudramurthy SM, Singh P,
Xess I, Savio J, Pamidimukkala U, Jillwin J, Varma
S, Das A, et al. A prospective multicenter study on
mucormycosis in India: epidemiology, diagnosis, and
treatment. Med Mycol. 2018; https://doi.org/10.1093/
mmy/myy060.

. India reports 40,854 cases of black fungus so far.

Mint; 28 Jun 2021. Accessed 16 Jul 2021.

Delhi has more black fungus infections than active
Covid-19 cases: govt data. Mint; 14 Jul 2021.
Retrieved 16 Jul 2021.

Spellberg B, Walsh TJ, Kontoyiannis DP, Edwards
J Jr, Ibrahim AS. Recent advances in the manage-
ment of mucormycosis: from bench to bedside.
Clin Infect Dis. 2009;48(12):1743-51. https://doi.
0rg/10.1086/599105.

. Chamilos G, Lewis RE, Kontoyiannis DP. Delaying

amphotericin B—based frontline therapy significantly
increases mortality among patients with hematologic
malignancy who have zygomycosis. Clin Infect Dis.
2008;47:503-9.

Kontoyiannis DP, Chamilos G, Hassan SA, Lewis RE,
Albert ND, Tarrand JJ. Increased culture recovery of
zygomycetes under physiologic temperature condi-
tions. Am J Clin Pathol. 2007;127:208—12.
Francesconi A, Kasai M, Harrington SM, et al.
Automated and manual methods of DNA extraction
for aspergillus fumigatus and Rhizopus oryzae ana-
lyzed by quantitative real-time PCR. J Clin Microbiol.
2008;46:1978-84.

Hata DJ, Buckwalter SP, Pritt BS, Roberts GD,
Wengenack NL. Real-time PCR method for
detection of zygomycetes. J Clin Microbiol.
2008;46:2353-8.

Kasai M, Harrington SM, Francesconi A, et al.
Detection of a molecular biomarker for zygomycetes
by quantitative PCR assays of plasma, bronchoalveo-
lar lavage, and lung tissue in a rabbit model of experi-
mental pulmonary zygomycosis. J Clin Microbiol.
2008;46:3690-702.


https://doi.org/10.1371/journal.pgen.1000549
https://doi.org/10.1128/JCM.02473-06
https://doi.org/10.1128/JCM.02473-06
https://doi.org/10.3201/eid1509.090334
https://doi.org/10.1016/j.ijid.2009.11.024
https://doi.org/10.1016/j.ijid.2009.11.024
https://doi.org/10.3201/eid1609.100276
https://doi.org/10.3201/eid1609.100276
https://doi.org/10.1186/s12879-016-2023-z
https://doi.org/10.1186/s12879-016-2023-z
https://doi.org/10.1371/journal.pone.0179136
https://doi.org/10.1371/journal.pone.0179136
https://doi.org/10.1111/j.1469-0691.2010.03456.x
https://doi.org/10.1111/j.1469-0691.2010.03456.x
https://doi.org/10.1093/mmy/myy060
https://doi.org/10.1093/mmy/myy060
https://doi.org/10.1086/599105
https://doi.org/10.1086/599105

N. Gupta

23.

24.

25.

26.

217.

28.

Reed C, BryantR, Ibrahim AS, et al. Combination poly-
ene-caspofungin treatment of rhino-orbital-cerebral
mucormycosis. Clin Infect Dis. 2008;47:364-71.
Kontoyiannis DP, Wessel VC, Bodey GP, Rolston
KV. Zygomycosis in the 1990s in a tertiary-care can-
cer center. Clin Infect Dis. 2000;30:851-6.
Nithyanandam S, Jacob MS, Battu RR, Thomas
RK, Correa MA, D'Souza O. Rhino-orbito-cerebral
mucormycosis: a retrospective analysis of clinical fea-
tures and treatment outcomes. Indian J Ophthalmol.
2003;51:231-6.

Peterson KL, Wang M, Canalis RF, Abemayor E.
Rhinocerebral mucormycosis: evolution of the dis-
ease and treatment options. Laryngoscope. 1997;107:
855-62.

Khor BS, Lee MH, Leu HS, Liu JW. Rhinocerebral
mucormycosis in Taiwan. J Microbiol Immunol
Infect. 2003;36:266-9.

Petrikkos G, Skiada A, Sambatakou H, et al.
Mucormycosis: ten-year experience at a tertiary-care

29.

30.

31.

32.

center in Greece. Eur J Clin Microbiol Infect Dis.
2003;22:753-6.

Tedder M, Spratt JA, Anstadt MP, Hegde SS, Tedder
SD, Lowe JE. Pulmonary mucormycosis: results
of medical and surgical therapy. Ann Thorac Surg.
1994;57:1044-50.

Pavie J, Lafaurie M, Lacroix C, et al. Successful treat-
ment of pulmonary mucormycosis in an allogenic
bone-marrow transplant recipient with combined
medical and surgical therapy. Scand J Infect Dis.
2004;36:767-9.

Reid VIJ, Solnik DL, Daskalakis T, Sheka
KP. Management of bronchovascular mucormycosis
in a diabetic: a surgical success. Ann Thorac Surg.
2004;78:1449-51.

Asai K, Suzuki K, Takahashi T, Ito Y, Kazui T, Kita
Y. Pulmonary resection with chest wall removal and
reconstruction for invasive pulmonary mucormyco-
sis during antileukemia chemotherapy. Jpn J Thorac
Cardiovasc Surg. 2003;51:163-6.



®

Check for
updates

Clinical Presentation of Cases
with Rhino-Orbito-Cerebral

Mucormycosis

Nidhi Dhawan and Nishi Gupta

Rhino-Orbito-Cerebral mucormycosis (ROCM)
is an angioinvasive mycosis that carries high
morbidity and mortality risks. With the current
pandemic’s growing patterns, the grave clinical
and pathogenetic complex has been brought into
sharper light. During the second wave of the
COVID-19 pandemic, a surge of rhino-orbito-
cerebral mucormycosis was noted in patients a
few weeks after recovery [1, 2].

Despite other nations have documented
COVID-associated mucormycosis, India has the
highest number of cases due to its reputation as
the world’s diabetic capital [2, 3]. ROCM is the
commonest type of mucormycosis, and it
includes the entire spectrum of mucormycosis
from sino-nasal disease to rhino-orbital disease
that may progress to rhino-orbital-cerebral dis-
ease [2, 4, 5]. A high rate of mortality is associ-
ated with ROCM [1, 6].

2.1 Background

Mucormycosis, has long been regarded as a
dreaded clinical diagnosis and a disease of the
immunocompromised. The comorbidities usually
associated with both increased incidence and
poorer outcomes are diabetes Mellitus, hemato-
logical malignancies, chemotherapy, organ trans-

N. Dhawan - N. Gupta (<))
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plant, and severe injuries [7]. Mucormycosis is
caused by the Mucorales group of fungi. These
fungi are present in the environment and on inha-
lation in an immune-competent host; Mucor is
rejected from the surface by the mucosal barrier
itself. It is in the immune-compromised host that
the fungus can cross this immune barrier and
invade the tissues due to uncontrolled diabetes
mellitus, steroids intake, or those on immunosup-
pressants [1, 8].

The patients with hematological malignancies
are more prone to pulmonary mycoses, while dia-
betic acidotic patients more commonly suffer
from progressive and unrelenting rhino-orbito-
cerebral disease. The interaction between the
spore coat protein CotH3 and the Glucose Related
Protein 78 (GRP78) on nasal epithelial cells
may be the fundamental pathogenetic event in
diabetics. Expression of both proteins is signifi-
cantly increased by diabetic ketoacidosis chemis-
try, increased blood glucose, and increased
circulating ketones. It facilitates invasion of the
epithelium and cascades into often lethal rhino-
orbito-cerebral disease [7].

The COVID-19 Pandemic has resulted in an
explosion of cases of ROCM, referred to as
COVID-Associated Mucormycosis (CAM).
Nearly 50,000 cases were reported from India in
3 months of the second wave of the pandemic,
ending July 2021 [9]. The sudden surge of cases
was probably due to the immune disabling nature
of COVID-19 and the use of steroids that

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2022 5
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precipitated diabetes in COVID-19 patients.
These patients rarely develop pulmonary mucor-
mycosis, which involves different receptors and
fungal ligands (CotH7 and Integrin 1) [7].

2.2 Clinical Features

ROCM begins in the nasal passages and sinuses, o
spreads to the orbit and eye, and eventually Fig. 2.3. Clinical photograph showing ptosis Yvith partial
reaches the brain. Angioinvasion and spreading pDr;Il)lti(;SIS left (Photo Courtesy: Dr. Manisha Singh, RML
ischemia are a hallmark of the disease. In the
1950s, Smith and Krichner established criteria
for clinical diagnosis of Mucormycosis [10]:
These include black necrotic turbinates, blood-
tinged nasal discharge with or without ipsilateral
facial pain, soft peri-orbital or peri-nasal swell-
ing/discoloration or induration (Figs. 2.1 and
2.2), ptosis with drooping of eyelid lid edema,
proptosis (Figs. 2.3, 2.4, 2.5, 2.6, 2.7, 2.8, 2.9,
2.10, and 2.11), and ophthalmoplegia (Fig. 2.12).  Fig.2.4 Clinical photograph showing left ptosis
There may be associated multiple cranial nerve
palsies unrelated to documented lesions [7].

Fig. 2.5 Clinical photograph showing left lid edema and
proptosis

Fig. 2.1 Clinical photograph of a patient showing edema
of the paranasal area involving cheek skin

Fig. 2.2 Clinical photograph showing facial edema on
the left side Fig.2.6 Clinical photograph showing left lid edema
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Fig. 2.7 Clinical photograph showing left periorbital
cellulitis

Fig. 2.8 Clinical photograph showing right lid edema
(Photo Courtesy: Dr. Bibhu Pradhan TDMC Kathmandu)

Fig. 2.9 Clinical photograph showing left ptosis (Photo
Courtesy: Dr. Bibhu Pradhan TDMC Kathmandu)

Palatal lesions (Figs. 2.13, 2.14, and 2.15),
loosened teeth, fistulae in the region of cheek and
palpebral area, blackened areas of eschar, and
necrosis developing and extending on the skin of
the face are also common clinical presentations
(Figs. 2.16, 2.17, and 2.18).

Fig. 2.11 Clinical photograph showing left lid edema
(Photo courtesy; Dr. Manisha Singh, RML Delhi)

Loss of vision, eye pain, and altered sensation in
the infraorbital area are common and ominous as
this indicates invasion of the infraorbital nerve.
Involvement of the anterior parts of the eye, includ-
ing cornea and conjunctiva, indicates orbital exen-
teration (Figs. 2.19, 2.20, 2.21, and 2.22). If the
anterior structures are preserved, globe sparing
orbital exenteration or an endoscopic orbital
debridement can be performed based on the extent
of the disease. Early symptoms of stuffiness and
nasal discharge, sometimes blood stained, maybe
missed. In late cases, a nasal endoscopy may dem-
onstrate the presence of eschar or slough (Figs. 2.23,
2.24, and 2.25). These may rapidly evolve into the
orbital and intracranial compartment symptoms of
severe pain in the eyes and head.

All the progressive symptoms and signs are the
result of extending thrombosis and associated isch-
emia and tissue necrosis. The sudden blindness
seen in complicated ROCM can be due to several
pathogenetic mechanisms like central retinal artery
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Fig. 2.12 Clinical photograph showing Ophthalmoplegia, restricted eye movements

Fig. 2.13 Clinical photograph showing palatal necrosis
(Photo Courtesy: Dr. Rajeev Pachauri Agra)

Fig.2.14 Clinical photograph showing palatal bogginess
(Photo Courtesy: Dr. Rajeev Pachauri Agra)

occlusion, thrombosis of the posterior ciliary artery,
optic nerve infarction in the intraorbital course,
direct fungal invasion of the optic nerve in the
intracranial part or even optic chiasm [11].

2.3  When to Suspect COVID-

Associated Mucormycosis

A patient presenting with the symptoms of ROCM
described above and the history of COVID with
deterioration of vision, unrelenting sharp head-
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Fig. 2.16 Clinical photograph showing skin necrosis
near the right medial canthus (Photo courtesy: Dr.
Manisha Singh, RML Delhi)

Fig. 2.15 Clinical photograph showing palatal necrosis
(Photo Courtesy: Dr. Rajeev Pachauri Agra)

ache, and facial pain/numbness. There may be an
associated history of nose block/blood-stained
nasal discharge with or without symptoms of cen-
tral nervous system involvement, focal neurologi-
cal signs, and encephalopathy indicate a grave
prognosis. Signs of intracranial invasion, peri-

¢ ¢ . . Fig. 2.17 Clinical photograph showing necrosis of the
orbital necrosis, and cavernous sinus involvement |eft eye-lid skin extending up to the medial canthus (Photo

are poor prognosticating factors. courtesy: Dr. Manisha Singh, RML Delhi)
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Fig. 2.18 Clinical photograph showing extensive skin
necrosis (Photo Courtesy: Dr. Satish Jain Jaipur)

Fig. 2.19 Clinical photograph showing conjunctival
chemosis

Fig. 2.20 Clinical photograph showing involvement of
the anterior structures of the left eye

Fig. 2.21 A melting cornea with bluish discoloration of
the conjunctiva (Photo courtesy: Dr. Manisha Singh,
RML Delhi)

Fig.2.22 Severe conjunctival congestion and chemosis

24  ROCM Pre-COVID and During

COVID Pandemic

COVID-associated  mucormycosis  presents
unique problems and can be alarming in the con-
text of the ongoing pandemic. The
COVID-Associated Mucormycosis has some dis-
tinctive features. It is more common in men,
older patients, and patients who have had a com-
plicated course of COVID-19. The latter includes
the need for steroids, hypoxia, and hospitaliza-
tion and new or preexisting diabetes mellitus [6].

These patients must undergo urgent diagnostic
nasal endoscopy and fresh KOH preparation/
Fungal culture and biopsy, be sent from the
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Fig. 2.23 Endoscopic view of the left nasal cavity dem-
onstrating necrotic tissue with discharge (Photo Courtesy:
Dr. Aparna, Fortis Faridabad)

Fig. 2.24 Endoscopic view of the right nasal cavity
showing characteristic eschar

affected areas involving the healthy margins
adjoining the necrotic areas. Further workup of
these patients in the form of radiological diagno-
sis has been mentioned in the subsequent chapter.
The surgical debridement is planned based on
disease mapping on MRI, and the steps of each
procedure have been described in the chapters on
surgical management of ROCM.

Fig. 2.25 Endoscopic view of the right nasal cavity
showing necrosis of the right turbinate and septum

2.5 Conclusion

Acute ocular signs represent late presentation
in COVID-associated ROCM. Despite our best
efforts, the prognosis remains grim in these
cases. This kind of presentation urges clini-
cians to keep a high degree of suspicion, edu-
cate patients about early signs and symptoms
and perform a quick nasal endoscopy and imag-
ing. Early institution of therapy leads to
improved outcomes.
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Imaging in Rhino-Orbito-Cerebral
Mucormycosis (ROCM)

Bavaharan Rajalingam

COVID-19 has been linked to a significant rise in
the incidence of rhino-orbito-cerebral mucormy-
cosis, especially in patients with diabetes melli-
tus and inadvertent steroid administration. The
disease carries high mortality of 50% [1]. A high
index of suspicion with knowledge of various
clinical and Imaging signs helps in early diagno-
sis and management minimizing the morbidity
and mortality. Nasal endoscopy and biopsy, with
microbiological and histopathological analysis,
form the basis of diagnosis in ROCM.

3.1 Role of Imaging

Imaging plays a crucial role in picking up the dis-
ease early. It helps in assessing the extent of dis-
ease, planning for surgery and follow-up
evaluation. Computed Tomography (CT) and
Magnetic Resonance Imaging (MRI) are helpful
in making a quick diagnosis of ROCM. Since
MRI gives a better resolution of the soft tissue
than CT scan, it provides an excellent visualiza-
tion of invasion and involvement of orbital soft
tissue, infratemporal fossa, intracranial struc-

3.2 Routes of Spread

and Imaging Landmarks

ROCM starts from the nose and sinuses with rapid
spread to the nearby areas, notably the orbit and
the brain. In the nasal cavity and sinuses, mucor
prefers unilateral involvement. The most common
sites are middle turbinate, maxillary, ethmoid and
sphenoid sinuses [2] (Figs. 3.1 and 3.2).

The fungus gets attached to the internal elastic
walls of the blood vessels leading to thrombosis
and occlusion resulting in, ischaemia and necro-
sis of tissues. The disease can erode the bones to
extend into the perisinus planes or through peri-
vascular channels, thereby being seen outside the
sinuses without intervening in bone destruction.
Extrasinus spread into the orbit and face may fur-
ther progress to involve the infratemporal fossa,
cavernous sinus, skull base and intracranial com-
partment [3].

In the nasal cavity, the disease causes osteone-
crosis of the turbinates and erosion of the nasal
septum (Table 3.1).

From the nasal cavity: It may have

tures, perineural invasion and vascular e Intraorbital extension, through the nasolacri-
occlusion. mal duct or by direct involvement of the
medial orbital wall.

e Intracranial extension superiorly, through a
B. Rajalingam (64) defect in the cribriform plate [4], extending
Magnum Imaging and Diagnostics, directly into the brain, leading to leptomenin-
Trichy, Tamilnadu, India gitis or forming a granuloma or abscess.
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Fig. 3.2 Axial T2 Fat Suppressed (FS) section showing
Hypointense area (arrow) within the left sphenoidal
hyperintense mucosal thickening

Fig. 3.1 CT scan Coronal section of paranasal sinuses
and orbit showing Hyperdense areas in the maxillary and
ethmoidal sinuses with osteomeatal unit obstruction

Table 3.1 Anatomical regions in sinonasal neck spaces to assess in ROCM

Paranasal sinuses Perisinus planes Other

Mucosal thickening T2 Pterygopalatine fossa Infratemporal fat Nasolacrimal Duct and
hypointesnities on MRI in the zygoma Masticator space parapharyngeal Nasolacrimal Sac
ethmoid/maxillary/sphenoid/ space Naso-pharynx and prevertebral muscles

frontal Pterygoid plates

Bony erosion

From the maxillary sinus: The disease can
extend [5]

* Anteriorly into the premaxillary space by
direct erosion of the anterior wall of the max-
illary sinus or through the inferior orbital
foramen.

e Posteriorly, to the retro-antral space through
direct erosion of the posterolateral wall of the
maxillary sinus or the pterygomaxillary fissure.

Hard palate, floor or maxillary
sinus/alveolar process of
maxilla, Mandible and oral
cavity

Skull base

Inferiorly, it can invade the floor of the maxil-
lary sinus to involve the alveolar surface and
hard palate.

Superiorly, it can erode the floor of the orbit
with intraorbital extension.

From the sphenoid sinus: The disease can

Erode the sphenoid sinus wall and extend into
the cavernous sinus.
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e Erode into the pterygoid wedge, causing
osteonecrosis with soft tissue extension to the
pterygoid space infiltrating the pterygoid
muscles.

e May lead to erosion and osteonecrosis of the
left sphenoid wing.

From the frontal sinus: The disease can extend

* Anteriorly into the prefrontal space, by erod-
ing the anterior wall of frontal sinus.

e Posteriorly into the frontal lobe of the brain,
through a defect into the posterior wall of the
frontal sinus.

The orbital involvement may occur via
(Table 3.2):

e The inferior meatal opening of the nasolacri-
mal duct.

e A defect in the lamina papyracea.

e Secondary to the involvement of the ethmoid
group of cells.

Intracranial Spread [2-4] (Table 3.3): It may
occur through

e The orbital apex.

* Along the vessels.

e Erosion of cribriform plate of the ethmoid
bone.

e From the pterygoid space by direct erosion of the
sphenoid wing or by perineural invasion through
the trigeminal nerve and its branches and can
extend up to the root entry zone in the pons.

* By direct erosion of the sphenoid sinus walls
or frontal sinus walls.

Table 3.2 Anatomical regions in orbital and periorbital
regions to assess in ROCM

Orbit and Periorbital Evaluation
* Preseptal oedema
» Extraconal fat involvement, subperiosteal abscess

 Orbital muscle cone involvement, proptosis

e Intraconal fat involvement
* Sub periosteal collection

Orbital apex involvement, Superior and inferior
orbital fissure

¢ Globe involvement

* Optic nerve involvement

Superior ophthalmic vein thrombosis

Table 3.3 Anatomical regions in brain to assess in cases
of ROCM
Cranial invasion of ROCM

¢ Skull base involvement—evaluate clivus, frontal,
ethmoid, sphenoid and basi occiput
Base of skull foramina and Perineural extension

* Meninges with contrast

Cortical edema—focal cerebritis (frontal,
anteromedial temporal lobe)

Intracranial granulomas/abscess or Extra-axial/
parenchymal collection Infarct/hemorrhage

¢ Cranial nerve

¢ Meckel’s cave involvement

¢ Cavernous sinus involvement

e Internal carotid artery narrowing/thrombosis/
pseudoaneurysm

Cerebral abscess, granuloma or ischaemia
may occur either due to the direct spread of fun-
gus or as secondary to the involvement of the
internal carotid artery [4, 6-8].

Mucor Cavernous  sinus

can cause

thrombosis by:

¢ Erosion of sphenoid sinus wall.

e Superior orbital fissure.

e Perineurally through the trigeminal nerve
branches.

Several authors have described the staging of
ROCM, proposing a four-stage system to deter-
mine the anatomical extent and severity of
ROCM [9]. However, there may be a small subset
of patients where the orbital involvement occurs
due to the spread of infection from the pterygo-
palatine fossa without significant involvement of
the sinuses. Therefore, staging is not much help-
ful in decision-making in ROCM.

3.3 Computed Tomography (CT)

Technique

Plain and Contrast-enhanced CT scans of PNS
and nasal cavity are performed by the instillation
of non-ionic iodinated contrast at a dose of
1-1.25 mL/kg body weight, in arterial and venous
phases. The coverage area is superiorly from the
top of the frontal sinus, including the cavernous
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sinuses, inferiorly to include jaws, anteriorly
including ala of nose and Brain to be included in
case of suspected involvement. Thin axial spiral
sections of 1-2 mm thickness were obtained and
evaluated in both soft tissue and bone windows.
The axial sections of the multiplanar images thus
obtained are reformatted into coronal and sagittal
planes. In cases of suspected internal carotid
artery occlusion, a CT angiogram is done.

3.4 Magnetic Resonance

Imaging (MRI) Technique

Magnetic Resonance (MR) examination of para-
nasal sinuses (PNS) and nasal cavity is done in
supine position with dedicated head and neck
coils. Brain should always be included in the
study. The Sequences are Diffusion-weighted
images (DWI), T1, T2 and Short-tau inversion
recovery (STIR) images in coronal and axial
planes along with contrast-enhanced T1 W fat,
saturated images multiple planes and in 3D
sequences. 3D contrast (0.6 mm) MR images are
helpful in navigation during surgery. Area of cov-
erage should include from the top of frontal
sinuses superiorly and level of the jaws inferiorly.
Ensure the field of view includes cavernous
sinuses and orbits. Brain assessment includes
Fluid-attenuated inversion recovery (FLAIR,
DWI) images and post-contrast T1. Three-
dimensional (3D) post-contrast thin sections
(0.6 mm) to be used at skull base level for orbital
apex, cavernous sinus and cranial nerves assess-
ment. In case of suspected perineural spread, 3D
Fast Imaging Employing Steady-state Acquisition
(Fiesta)/Constructive Interference in Steady State
(CISS) sequences are done. MR angiography by
Time-of-Flight (TOF) technique is done to assess
the internal carotid artery (ICA) and its branches.

3.5 (CTScan

Mucor show varying degrees of sinus opacifica-
tion, with most having a tumefactive nature [10].
Early findings include ulcerated or emphysema-
tous nasal septum mucosa and turbinates.
Inflammatory thickening of nasal mucosa and

sinuses is seen, with or without fluid level [2, 11].
Fungal elements appear as hyperdense areas
within the hypodense mucosal thickening in the
sinus (Fig. 3.1). The same disease is seen as
hypointense on MRI (Fig. 3.2) and will be
explained subsequently in the MRI part. Soft tis-
sue infiltration may extend into peri-antral fat
planes, including the premaxillary and retro-
antral fat plane with or without bony destruction.
Erosion or infiltration around the nasolacrimal
duct or sac may be seen with intra-orbital exten-
sion. Fat stranding and soft tissue enhancement
can be seen in the pterygomaxillary fissure and
pterygopalatine fossa, extending into the infra-
temporal fat or masticator space muscles.

CT has a higher resolution in picking up the
bony erosions (Fig. 3.3c, d). Nasal septal destruc-
tion, turbinate erosions, the floor of maxillary
sinus erosion and reduced density of the maxil-
lary alveolar bone around tooth sockets and hard
palate due to infiltration and erosions can occur
either alone or in various combinations (Figs. 3.4
and 3.5). Bony breach, orbital involvement and
intracranial extension are late findings, but may
appear early as the disease can spread rapidly
within a short span of a few hours (Figs. 3.6 and
3.7).

Premaxillary space involvement may occur
through direct erosion of the anterior wall of the
maxillary sinus or the infraorbital foramen. There
may be inflammatory soft tissue showing mild
enhancement (Fig. 3.8). In a few cases, premaxil-
lary space abscess formation will be seen as
peripherally enhancing collection.

The CT findings of Orbital extension [11]
include preseptal oedema and thickening of
extraocular muscles, stranding at extraconal and
intraconal orbital fat with or without enhance-
ment, Phlegmon or inflammatory mass with or
without abscess (Figs. 3.7 and 3.9), optic nerve
involvement and Orbital apex disease (Fig. 3.10).

The CT findings in intracranial extension
include cavernous sinus involvement, causing
thrombosis and carotid artery involvement [12],
with narrowing, dissection or pseudoaneurysm
formation. Arterial involvement can result in
mycotic aneurysms, leading to subarachnoid
haemorrhage and occlusion leading to acute
infarcts.
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Fig. 3.3 (a) Axial T2FS MRI showing osteonecrosis of
the clivus and left pterygoid wedge and erosion of left
sphenoid wing (curved arrows) with left temporal lobe
abscess formation (arrow). (b) Axial T2FS MRI showing
osteonecrosis of the clivus and left pterygoid wedge and

Skull base erosions are visualized well on thin
sections CT in bone windows (Figs. 3.3c, d and
3.4a, b). Post-contrast images can delineate
abscess and their extensions.

Post-Contrast Leptomeningeal enhancement
can be seen with an intracranial extension of the
disease. Other manifestations are intracranial
granulomas and abscess formation, with abscess
showing peripheral rim enhancement and sur-
rounding oedema.

CT has limitations in assessing intracranial
disease, including cerebral cortical, meningeal,
perineural and vascular invasion. Bone infiltra-
tion changes are seen later than MRI as early
marrow changes can be missed. This may lead to
underestimating the true extent of the disease as
the enhancement pattern is also less evident on
CT when compared to MRI.

3.6 Magnetic Resonance

Imaging

The Early findings on MRI in mucormycosis
include inflammatory mucosal thickening of

erosion of left sphenoid wing (curved arrows). (¢) CT
Axial images bone window showing erosion of the clivus,
left pterygoid and left sphenoid wing. (d) CT Axial images
bone window showing erosion of the clivus, left pterygoid
and left sphenoid wing

nasal cavity and sinuses with or without fluid
level. Soft tissue inflammation of peri-antral fat
planes like premaxillary and retromaxillary fat
planes is seen well on T2 fat-suppressed (FS)
sequences, STIR sequences or post-contrast
images. The involved areas look intermediate to
hypointense on T2-weighted images (Figs. 3.2,
3.11 and 3.12) and isointense to brain on T1
images [8]. In a few cases, a hyperintense signal
may also be seen.

On Post Contrast Gadolinium-enhanced imag-
ing (T1 fat-suppressed plus contrast), lack of
contrast enhancement is highly suggestive of tis-
sue necrosis (Fig. 3.11). It is a sign of angioinva-
sive fungal sinusitis (“black turbinate sign”) [13]
(Fig. 3.13). However, homogeneous and hetero-
geneous patterns of enhancement may also be
seen.

The soft tissue invasion can spread along the
pterygomaxillary fissure or sphenopalatine fora-
men, replacing the retro-antral fat plane, sur-
rounding the internal maxillary artery with soft
tissue, which can infiltrate the medial and lateral
Pterygoid muscles appear as hyperintense signal
intensities on T2 fat-suppressed/STIR sequences.
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Fig. 3.4 (a) Coronal CT bone window shows erosion of
left Pterygoid wedge and left Sphenoid wing. (b) Coronal
CT bone window shows erosion of left Pterygoid wedge
and left Sphenoid wing. (¢) Coronal post-contrast T1 FS
MRI image showing non-enhancing osteonecrosis of the
left pterygoid wedge (arrow). There is also the presence of
non-enhancing soft tissue in the left pterygoid space sug-
gestive of fungal soft tissue with surrounding enhance-
ment (curved arrow). This is suggestive of viable
inflammatory tissue demarcating the zone of required sur-

gical debridement. There is associated leptomeningeal
enhancement in the left temporal lobe with early abscess
formation in the left temporal lobe. (d) Coronal post-
contrast T1 FS MRI image showing non-enhancing osteo-
necrosis of the left pterygoid wedge (arrow). There is the
presence of non-enhancing soft tissue in the left pterygoid
space suggestive of fungal soft tissue with surrounding
enhancement (curved arrow). This is suggestive of viable
inflammatory tissue demarcating the zone of required sur-
gical debridement
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Fig. 3.5 (a) CT scan axial section demonstrating bone window showing erosion of the right frontal bone. (b) Axial
section of post-contrast T1FS MRI image showing enhancing soft tissue in the prefrontal region

Fig. 3.6 Coronal section of contrast-enhanced CT scan
showing (a) Erosion of roof of the ethmoid. (b) Erosion of
left lateral sphenoid sinus wall extending into the extra-

The Pterygoid space can also be infiltrated by
direct invasion with osteomyelitis or osteonecro-
sis of the pterygoid wedge (Figs. 3.14 and 3.15).
On post-contrast Imaging, direct invasion and
fungal soft tissue will not enhance; rather, the
secondary inflammation will enhance. The mar-
gin of enhancement correlates with the plane of
viable inflammatory tissue during surgical
debridement (Fig. 3.4d).

axial aspect of the left temporal lobe involving the
Meckel’s cave. (¢) Soft tissue erosion into the left lateral
sphenoid wall and the pterygoid wedge

In cases of Orbital extension, the preseptal
thickening is seen as a high signal on T2
fat-suppressed/STIR images. Oedema and thick-
ening of extraocular muscles are seen as high sig-
nals on T2 fat-suppressed images. On post
Gadolinium enhancement with inflammatory
stranding at extraconal and intraconal orbital fat.
As orbital invasion commonly occurs through the
lamina papyracea, the inflamed tissue or an
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Fig. 3.7 CT scan coronal section of the bone window showing intraorbital soft tissue with an erosion of the (a) Floor
of the right orbit (arrow). (b) Erosion of medial wall of the right orbit (curved arrows)

Fig. 3.8 Axial CT (a) Bone window showing sclerosis of the wall. (b) Soft tissue window showing extension of soft
tissue into the left premaxillary space and the retro antral areas (arrows)

abscess formation may be seen along the medial
part of the orbit with oedema and lateral displace-
ment of the medial rectus muscle [14] (Fig. 3.11).
The thickening of the extraocular muscles, fat
infiltration and oedema can raise the intra-orbital
pressure, leading to the globe’s compression and
distortion, resulting in “guitar pick sign” [15] and
proptosis (Figs. 3.16 and 3.17).

In cases of optic nerve involvement, the area
along the optic nerve may show enhancement
along the optic nerve; Diffusion-weighted images
(DWI) restriction may occur due to nerve infarc-
tion, causing blindness in these patients. Mucor
can cause ophthalmic artery occlusion [16], lead-
ing to blindness, which can be picked up on MR
Angiogram (Fig. 3.18).
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Enhancement of the soft tissue in the area of
the orbital apex and optic nerve with extension up
to the superior orbital fissure may manifest with
the clinical features of orbital apex syndrome. In
cases of sinusitis where CT and MRI findings are
associated with the presence of disease in the
orbital apex area it is highly suggestive of an
invasive fungal infection [17]. Intracranial spread
of infection may occur from the orbital apex via

Fig. 3.9 Axial CT images showing medial orbital wall
erosion (arrow) and intraorbital extension (curved arrows)

the superior orbital fissure involving the cavern-
ous sinus (Fig. 3.19). The pterygopalatine fossa
and infratemporal fossa may get involved through

Fig. 3.10 Axial Contrast CT scan showing extension of
soft tissue into the orbit

Fig. 3.11 (a) Coronal T2FS showing T2 hypointense areas in the left ethmoid. (b) Coronal T1 FS Post-contrast MRI
showing non-enhancing areas left ethmoid, which appeared hypointense on T2
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Fig. 3.12 Coronal MRI (a) T2 FS, (b) T2 showing hypointense areas within the hyperintense mucosal thickening of
left maxillary and ethmoid sinuses suggestive of fungal aetiology

Fig.3.13 (a) Coronal Post-Contrast T1 FS MRI showing  (b) Coronal Post-Contrast TI FS MRI showing non-
non-enhancing left middle turbinate (arrows) and nor-  enhancing left middle turbinate (arrows) and normally
mally enhancing right middle turbinate (curved arrow). enhancing right middle turbinate (curved arrow)
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Fig. 3.14 (a) Post-contrast 3D T1 FS coronal MRI
Showing areas of peripherally enhancing centrally non-
enhancing collections (aww) in right pterygoid space. The
soft tissue shows perineural extension along the right tri-

the inferior orbital fissure [18]. Progressive
spread of ROCM along orbital apex can extend
into the central nervous system. There is a partial
radial occlusion of the blood vessels with a
decreased speed of the blood flow in the ipsilat-
eral internal carotid artery in the vicinity of
mucor invasion [4, 6-8].

An intracranial extension may occur directly,
through erosion of cribriform plate (Figs. 3.20
and 3.21), due to the erosion of the sphenoid
wall, and through the orbital fissures or orbital
apex. Indirect spread may occur from the infra-
temporal fossa through perineural extension
along the trigeminal nerve (Figs. 3.23 and 3.24).
Early cerebritis are seen on MRI as a high signal
on FLAIR images and meningeal enhancement
on Post Gadolinium-enhanced images [8]. Direct
fungal invasion and Intra-cerebral fungal granu-
lomas appear as hypointense signal intensities on
T1- and T2-weighted images with minimal or no
post-contrast enhancement (Figs. 3.25 and 3.26).

White matter oedema shows a high signal on
FLAIR/T2W images, without diffusion restric-
tion. Fungal abscess formation [2] seen as T2/

geminal nerve into the right cavernous sinus (curved
arrow). (b) Coronal T2 FS MRI showing soft issue in
Right pterygoid space (arrow) with infiltration of the right
pterygoid wedge (curved arrow)

FLAIR hyperintensities with diffusion restriction
and peripheral rim enhancement with contrast
(Figs. 3.21, 3.22 and 3.27). In a few cases, when
there is osteonecrosis and erosion of the sphenoid
wing or the roof of the orbit, extraxial or intraxial
soft tissue may show mild enhancement.
Leptomeningeal enhancement and thickening,
seen as low signal T2 with enhancement on Post
Gadolinium-enhanced images (Figs. 3.4c and
3.21d).

Mucor eroding the walls of the sphenoid
sinuses cause osteomyelitis or necrosis of the cli-
vus (Fig. 3.28) or can extend to the Meckel’s cave
or the cavernous sinus. Cavernous sinus exten-
sion may also occur through the superior orbital
fissure or perineural invasion from the infratem-
poral fossa or erosion of the temporal bone.
Cavernous sinus thrombosis appears as poor
enhancement of cavernous sinus with convex
bulging with patchy or no enhancement on post-
Gadolinium-enhanced images (Fig. 3.28).
Dilated Superior ophthalmic vein (>4 mm diam-
eter) is the indirect sign of cavernous sinus
involvement (Fig. 3.29). The cavernous and
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Fig.3.15 (a) Post-contrast 3D T1 FS axial MRI showing
nasopharyngeal abscess (arrow). (b) Post-contrast 3D T1
FS coronal MRI showing right nasopharyngeal fungal
abscess (arrow). (¢) Post-contrast 3D T1 FS coronal MRI

petrous segments of Internal Carotid artery may
be involved. The signs of this involvement [19,
20] include wall thickening which causes nar-
rowing, thrombosis, dissection or
Pseudoaneurysm formation and are evaluated

showing right nasopharyngeal fungal abscess (arrow). (d)
Post-contrast 3D T1, FS Coronal MRI showing non-
enhancing right pterygoid wedge suggestive of osteone-
crosis (curved arrow)

with MR non-contrast TOF (Time-of-Flight)
angiogram (Figs. 3.30 and 3.31). Rupture of
Mycotic aneurysm can lead to subarachnoid
haemorrhage. Occlusion or stenosis of the intra-
cranial arteries leads to acute infarcts, which are
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Fig.3.16 Coronal T2 FS MRI showing (a) Hypointense turbinate (curved arrows), (b) Preseptal oedema (arrow), (c)
Thin, soft tissue in the extraconal space of right orbit abutting the medial rectus muscle (arrows)

Fig.3.17 Axial T2 FS MRI shows erosion of the medial
wall of left orbit with abscess formation infiltrating the
medial rectus muscle (arrows). There is increased signal
intensity in the left vitreous body (*) causing severe pro-
ptosis, periorbital oedema and tenting of the posterior
globe (“guitar pick” sign). There is stretching of the optic
nerve (curved arrow) (Picture courtesy: Dr. Seetharaman
KMCH, Coimbatore)

seen as diffusion-restricted lesions in the brain
(Figs. 3.32 and 3.33).

Cerebral fungal infections, ischaemia of the
optic nerve, tissue ischaemia and necrosis can be
easily picked up by restricted diffusion on
diffusion-weighted MRI [21-23]. DWI MRI

Fig. 3.18 MR Non-contrast Angiogram showing occlu-
sion of right ophthalmic artery on the right side (arrow)
and normally visualized left ophthalmic artery on left
(curved arrows)

sequences can also differentiate ROCM from
malignancies [23].

Perineural spread or cranial nerve infiltration
involving the Trigeminal nerve or its branches
appears as thickening and enhancement along the
nerve course up to the brain stem (Figs. 3.34 and
3.35). Fluid signal loss on T2W and mild
enhancement on post-contrast images are signs
of invasion of mucor (Fig. 3.24).
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In long-standing, untreated cases with exten-
sive disease, skull base osteomyelitis may occur.
It is a rare complication that often occurs in the
late stages of the disease [24, 25]. The disease has

Fig. 3.19 Axial Post-contrast T1 FS axial MRI is show-
ing right ethmoid fungal sinusitis eroding into the right
orbit involving the lacrimal sac and nasolacrimal duct
with extension into the right orbital apex and ipsilateral
cavernous sinus

a preferential spread along the blood vessels due
to its angioinvasive nature. It then extends to the
deep soft tissues through the perivascular chan-
nels [25] (Fig. 3.3). Bone involvement occurs
relatively late in the course of the disease.

Early involvement of the bone marrow is seen
as a loss of normal fat signal on TIW images.
The diseased marrow appears hypointense on
T1W images, hyperintense on STIR images and
heterogeneously enhanced on post-contrast
images [26] (Figs. 3.4c, d).

Large areas of diffused heterogenous enhance-
ment are seen in advanced disease with bony
infiltration (Fig. 3.3a, b). Adjacent normal fat
planes are obliterated with T2 hyperintense areas
indicating soft-tissue oedema. Perineural, and
intracranial spread may also be seen. Presence of
an area of fluid signal intensity with diffusion
restriction in the centre and a rim enhancement in
the periphery indicate an abscess formation [27]
(Figs. 3.3 and 3.4).

Fig.3.20 (a) DWI MRI showing diffusion restriction in the right frontal lobe. (b) T2W coronal images showing direct
extension of fungal soft tissue into the right frontal lobe from sinonasal cavity eroding the roof of the right ethmoid
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Fig.3.21 (a) Coronal post-contrast T1 FS MRI showing
roof of ethmoid erosion with an intracranial extradural
extension of soft tissue with leptomeningeal enhance-
ment. (b) Sagittal T1 Post-contrast TIFS MRI showing
Frontobasal leptomeningeal enhancement (curved arrows)

Inferiorly, the disease can infiltrate and
erode the maxillary sinus floor to involve the
alveolar surface (Figs. 3.35 and 3.36). The
osteonecrosis and osteomyelitis of bones are
seen as hyperintense signal intensities on T2FS/
STIR images with no contrast enhancement in
the former. The disease can erode the hard pal-
ate with mildly enhancing soft tissue in the oral
cavity (Fig. 3.37). The extent of palatal involve-
ment must be assessed carefully to ensure com-
plete debridement of the disease process
and prevent residual disease and revision
surgeries.

3.7 Follow-Up Imaging

MR imaging helps in post-operative follow-up of
patients who are on medical treatment following
surgery. If there is a strong suspicion of ROCM in
a patient presenting with suggestive clinical fea-
tures but the nasal endoscopy and initial MR
imaging studies are non-conclusive, repeat imag-
ing should be performed after 72 hours [14]. Any

and clival erosion (Arrowhead). (¢) Axial Post-Contrast
T1FS MRI showing frontal sinus disease eroding intracra-
nially with soft tissue in the interhemispheric plane
(arrows)

evidence of progression of the disease suggests
fungal aetiology and the classical signs should be
looked for.

MRI also helps in follow-up of patients with
early disease who are either on conservative
treatment, have undergone limited sinus debride-
ment or receiving transcutaneous retrobulbar
amphotericin B injections. Early pick up of dis-
ease progression facilitates a more radical
approach involving orbital exenteration that helps
in decreasing the disease load [14]. It is impor-
tant to remember that the clinical improvement
following treatment is fast but the imaging find-
ings take time to resolve.

However, deteriorating radiological features
represent disease progression [28].

3.8 Post-operative Imaging
Post-operative Imaging with plain and post-
contrast MRI imaging for evaluating the residual
disease and for assessing the progression is
recommended:
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Fig. 3.22 (a) DWI MRI showing left temporal lobe dif-
fusion restricted abscess. (b) Axial post-contrast 3D T1FS
MRI images showing peripherally enhancing fungal
abscess in the left temporal lobe with surrounding oedema.
(¢) Axial post-contrast 3D T1FS MRI images showing

peripherally enhancing fungal abscess in the left temporal
lobe with surrounding oedema. (d) Coronal post-contrast

T1FS MRI shows
Leptomeninges

enhancing left basal temporal
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Fig.3.23 Post-contrast T1 FS coronal MRI images showing (a) non-enhancing area in the left pterygoid space (arrow)
and (b) showing perineural extension through the foramen Rotundum (arrow)

e In persistent residual or increasing pain over
the face, the palate or, the maxillary region.

* Worsening symptoms with increasing visual
disturbance, retroorbital pain, ophthalmople-
gia, headache, seizures, hemiparesis or
hemiplegia.

3.9 Pitfalls of MR Imaging

Though MRI is an extremely useful investigation
in ROCM it has its own limitations. In the early
phase of disease, MRI may be non-conclusive.
Therefore in the event of strong suspicion of
ROCM based on clinical signs and immediate
endoscopic exploration, biopsy and debridement
should be performed in high-risk individuals [29,
Fig.3.24 T2 FS coronal MRI showing perineural exten-  30]. Fat-saturated MR sequences may have “sus-

s.ion (arrqws) of fungal soft tissue intracranially into the ceptibility artefacts”, in the soft tissues around
right medial temporal lobe (curved arrow)
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Fig. 3.25 (a) DWI MR scan showing subtle diffusion enhancing fungal soft tissue in the pterygoid space
restricted area in the right medial temporal lobe (arrows).  (arrows) eroding skull base (curved arrow) from and
(b) Post-contrast T1 FS coronal MRI showing non- extending into the brain

Fig. 3.26 (a) T2 FS MRI coronal section showing frontal sinus with intracerebral extension (arrow). (c) Left
hypointensities in the left frontal sinus. (b) T2 FS MRI  frontal lobe abscess (arrow)
axial section showing erosion of the posterior wall of left
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Fig.3.27 (a) Post-contrast T1 Axial FS MRI scan show-  restriction in left frontal lobe abscess. (d) Post-contrast T1
ing peripherally enhancing fungal abscess. (b) Coronal ~Axial FS MRI showing peripherally enhancing fungal
post-contrast T1 images showing irregularly enhancing  abscess

left frontal abscess. (¢) DWI MRI scan showing diffusion

Fig. 3.28 (a) MRI coronal T2W scan showing hypoin-  star). (b) Post-contrast T1 FS MRI scan showing non-
tense soft tissue in the base of the right cavernous sinus  enhancement of soft tissue in the base of the cavernous
(arrow) and incidental left temporal arachnoid cyst (red  sinus
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Fig. 3.30 MR non-contrast Angiogram showing diffuse
right internal carotid artery narrowing (Arrow)

Fig. 3.29 T2W, FS coronal MRI showing dilated right
superior ophthalmic vein (Curved arrow). Hypointense
bilateral maxillary sinus, right ethmoid sinus and right
middle turbinate

Fig. 3.31 MR non-contrast Angiogram showing
Fusiform Aneurysm of M1 segment of right Middle
Cerebral Artery (Yellow arrow 1)

Fig.3.32 (a) MR DWI MRI scan showing Invasive fun-  sinusitis with bifrontal acute diffusion restricted infarcts.
gal sinusitis with bifrontal acute diffusion restricted (¢) MR DWI MRI scan showing Invasive fungal sinusitis
infarcts. (b) MR DWI MRI scan showing Invasive fungal ~ with bifrontal acute diffusion restricted infarcts
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the paranasal sinuses. These artefacts appear due
to the air in the sinuses and metallic dental
implants that disturb the magnetic field. These
artefacts are usually seen as areas of a bright sig-

Fig. 3.33 DWI MRI showing diffusion restricted acute
infarcts in right temporoparietal lobe

nal along the floor of the orbit, at the orbital apex
and in the infratemporal fossa [31].

Non-specific findings like mucosal thickening
and sinus opacification may be seen in chronic
non-invasive sinusitis as well as in invasive fun-
gal sinusitis. The loss of enhancement of the
involved turbinate (black turbinate sign) has been
described as an early sign of fungal aetiology.
This non-enhancement of the middle turbinate
extends to the contiguous structures such as fat,
muscle and bone [32]. The involved regions show
variable signal intensity on T2-weighted images.
On contrast-enhanced MRI the posterior and mid
portions of the inferior turbinate appear black
with no extension into the surroundings. There is
a central area of non-enhancement and a thin
peripheral rim of preserved mucosal enhance-
ment. The diseased area may be intermediate or
hyperintense on T2-weighted images but never
shows hypointensity. On scans done later, the
non-enhancement persists in fungal sinusitis,
while benign black turbinate shows progressive
enhancement [33].

MRI or any imaging cannot differentiate
between microbiological characteristic of any
invasive fungal infection. Besides Mucorales
(Mucor, Rhizopus and Absidia), Aspergillus spe-
cies can also lead to acute invasive fungal sinus-

Fig. 3.34 (a) DWI MRI scan showing diffusion restric-
tion along the left trigeminal nerve (Arrow) up to the root
entry zone in the pons (arrowhead). (b) T2 axial MRI scan
showing hyperintense signal along the left Trigeminal

nerve (arrow) up to the pons (arrowhead). (¢) T2 axial
MRI showing hyperintense signal along the left Trigeminal
nerve (arrow) up to the pons (arrowhead)
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Fig. 3.35 (a) T2 FS coronal MRI showing right maxil-
lary fungal sinusitis eroding the right alveolar surface of
maxilla (arrows) and Premaxillary mixed-signal intense
soft tissue and inflammation (Curved arrow). (b) T2 FS

itis. Mixed invasive fungal infections are also
known to occur [33]. Differentiation between
these subgroups is possible only on microbiology
and histopathological examination and has thera-
peutic and prognostic implications. It is impera-
tive to report MRI, as possible fungal aetiology
with or without invasive features and not to report
as mucor.

In post-operative cases, the haemorrhage and
clots may appear hypointense on T2 images,
mimicking residual fungal disease. The bone
oedema takes 2 weeks or more to resolve.
Biochemically decreasing C-reactive protein
(CRP) test values indicate the resolution of the
disease. In equivocal findings, nasal endoscopic
evaluation and microscopical evaluation of the
scrapings from suspicious areas help reach the
diagnosis.

coronal MRI showing right maxillary fungal sinusitis
eroding the right alveolar surface of maxilla (arrows) and
Premaxillary mixed-signal intense soft tissue and inflam-
mation (Curved arrow)

3.10 Differential Diagnosis
of ROCM

The differentiation between invasive and a non-
invasive sinusitis is one is the most important infor-
mation that is needed from radiology in ROCM.

Hypointense and non-enhancing soft tissues on
T2W scans may point to a fungal aetiology.
Similarly, involvement of the extraocular muscles
without eyelid swelling or mucosal thickening in the
paranasal sinus indicates fungal aetiology [32].
Other differential diagnoses of ROCM include
inflammatory pathologies such as IgG4-related dis-
ease, sarcoidosis and Wegener’s granulomatosis that
are treated with immunosuppressive therapy. Careful
clinical evaluation, nasal endoscopic examination
and prompt biopsy of the lesion are important to pre-
vent grave implications of misdiagnosis [14].
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Fig.3.36 (a) T2 FS coronal MRI showing invasion of the ~ MRI showing invasion of the left alveolar process of the
left alveolar process of the maxilla (curved arrow) and maxilla (curved arrow) and premaxillary inflammation
premaxillary inflammation (arrow). (b) T2 FS coronal (arrow)

Fig.3.37 (a) Coronal T2W, FS MRI shows T2 hypointense ~ palate (curved arrow). (b) Digitally subtracted post-contrast
fungal sinusitis in left Maxillary sinus (arrow), with altered ~ MRI Coronal Image, showing necrosed left the alveolar pro-
signal intensity in the left alveolar process of the maxilla  cess of the maxilla (yellow arrow) compared to the viable
(yellow arrow) with soft tissue in the left side of the hard  right alveolar process of the maxilla (white arrow)
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4.1 Introduction

Mucormycosis is a serious fungal infection
caused by ubiquitous fungi which belong to the
order Mucorales. The common genera infecting
humans include Rhizopus spp. (most commonly
R. arrhizus, R. microsporus, and R. homothalli-
cus),  Rhizomucor  spp.,  Mucor  spp.,
Cunninghamella spp., Lichtheimia spp., and
Apophysomyces spp. [1]. The major underlying
health conditions predisposing to mucormycosis
include diabetes mellitus (DM) and immunosup-
pression; trauma such as burns or road traffic
accidents, and iron chelation therapy with defer-
oxamine [1-3]. An upsurge in the cases of mucor-
mycosis has been noted over the last decade in
the developed and developing world alike but has
been especially concerning in Asia and specifi-
cally in India. Recently, a dramatic rise in the
cases of mucormycosis infection has been
observed in patients with Coronavirus-19 disease
(COVID-19) or those recovering from it, as evi-
denced by several reports and institutional expe-
riences [1,3,4]. COVID-19isa viral inflammatory
disease caused by SARS-CoV-2 characterized by
an exaggerated proinflammatory response with
cytokine surge, altered iron metabolism and iron
overload, hemoglobinopathy, hypercoagulability
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state causing multisystem involvement [5-8].
Several strategies to prevent and treat mucormy-
cosis have been used over the years, and more
such strategies are urgently needed in view of its
raging rise [9]. It is essential to have a clear
understanding of the pathogenesis of this disease
to facilitate these efforts and ensure appropriate
management. Therefore, in this chapter, we will
provide an overview of the pathogenesis of
mucormycosis, focusing on rhino-orbital-
cerebral mucormycosis (ROCM) in patients with
COVID-19.

4.2  HostRisk Factors

Mucormycosis generally occurs in immunocom-
promised individuals with defined risk factors.
Table 4.1 shows the risk factors and underlying
diseases associated with mucormycosis. Diabetes
mellitus is the most common underlying disease,
followed by hematological malignancies and
solid organ transplants [17]. Hyperglycemia is
associated with defective neutrophil migration,
chemotaxis, and phagocytosis [18, 19]. Other
predisposing factors associated with mucormy-
cosis are patients receiving iron chelation therapy
and steroids. In India, 3-26% of mucormycosis
cases were recorded from the immunocompetent
host, compared to 18-19% globally and they usu-
ally present with cutaneous or isolated renal
mucormycosis [17]. Trauma is the most common
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Table 4.1 Risk factors for mucormycosis

Predisposing condition of infection

The predominant site

Most common species Reference

Diabetes, hyperglycemia, and ROCM

ketoacidosis

Rhizopus species [10]
(R. arrhizus, R. microsporus, R.

homothallicus)

Hematological and solid organ
malignancy

Pulmonary, ROCM

Rhizopus species, Cunninghamella [11]
species, Lichtheimia species.,

Cokeromyces species

Solid-organ transplant,

Pulmonary, ROCM

Rhizopus species, Cunninghamella [11]

HSCT species, Lichtheimia species

Neutropenia Pulmonary, Rhizopus species, Lichtheimia species. | [11]
disseminated Cunninghamella species

Iron overload and iron chelation Pulmonary, Rhizopus species, Lichtheimia species, |[1]

therapy disseminated Cunninghamella species

Corticosteroids ROCM, pulmonary, | Rhizopus species, Cunninghamella [1]
disseminated species, Lichtheimia species

Malnutrition, preterm neonates, Gastrointestinal Rhizopus species, Lichtheimia species | [12]

neonates with suspected necrotizing

enterocolitis

Breach of skin (trauma due to Cutaneous Apophysomyces and Saksenaea species | [13]

accidents, burns, catheterization,
injection site)

Syncephalastrum species

New risk factors:

SARS-CoV-2, long term steroid use
for the treatment

ROCM, pulmonary

Rhizopus species [14]
(R. arrhizus, R. microsporus, R.

homothallicus), Lichtheimia species

Post pulmonary tuberculosis/ COPD Pulmonary

mucormycosis

Rhizopus species [15]

Breakthrough mucormycosis after
voriconazole treatment

ROCM, pulmonary

Rhizopus species [16]

Immunocompetent host in the Indian
subcontinent

Renal mucormycosis

Rhizopus and Apophysomyces species [1]

ROCM Rhino-orbito-cerebral mucormycosis, SARS-CoV-2 severe acute respiratory syndrome coronavirus 2, COPD
chronic obstructive pulmonary disease, HSCT Hematopoietic Stem Cell Transplantation

risk factor associated with cutaneous mucormy-
cosis [11]. Newer risk-factor like SARS-CoV-2 is
emerging. The virus itself acts as a risk factor by
decreasing immunity and irrational use of ste-
roids for the treatment, making individuals sus-
ceptible to the infection [14].

Virulence Factors
of Mucorales

4.3

Virulence factors are an essential part of
Mucorales that allow these species to invade and
survive within the host tissue during infection.
The critical virulence traits essential to establish
disease are summarized in Table 4.2.

4.4 Pathogen Entry

The agents of mucormycosis can gain entry to
host tissues via various modes. The primary bar-
riers against an invasion of any external pathogen
include nasal mucosa, sinus cavities, skin, and
endothelium layers. Typically, Mucorales are
incapable of penetrating intact skin. Still, any
breach in mucosal continuity by trauma or injury
can promote fungal adherence to components of
the basal epithelial cell layer such as laminin and
type IV collagen [28]. Inhalation of Mucorales
sporangiospores is the main entry portal. While
the development of mucormycosis is not seen in
immunocompetent hosts, those with risk factors
can develop a progressive infection at various
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Table 4.2 Virulence factors for Mucorales
Virulence traits ‘ Function ‘ Mechanism of virulence by Mucorales ‘ Reference

Iron metabolism-related virulence traits

Reductase/permease systems
Low-affinity iron Performs in iron-rich Patients with DKA (pH -7.3-6.88) reduce ferric ions to | [20]
reductase environments and ferrous and facilitate Rhizopus spp. growth
reduces iron
High-affinity ferric | Functions in iron- In DKA, carrier molecules bind to iron, and free ironis | [20]
reductase depleted environments | available only in submicromolar concentrations. The
and reduces iron high-affinity ferric reductase facilitates the uptake of
bound iron by Rhizopus
Other ferric Reduce iron Allow iron uptake in iron-depleted environments and [21]
reductases facilitates Rhizopus spp. growth
Copper oxidase Oxidize iron Trans cell membrane transport of iron [20]
(Cu-oxidase)
High-affinity iron | Helps in the transport Trans cell membrane transport of iron [22]
permease (FTR1) of iron
Role of siderophores in Mucormycetes iron metabolism
Siderophore Provide iron to cells by | This siderophore supplies iron by direct transfer across | [23]
permeases chelating iron the plasma membrane for Rhizopus spp. growth
Rhizoferrin Siderophore that This siderophore supplies iron by the energy-dependent | [24]
chelates iron process for Rhizopus spp. growth
Deferoxamine Deferoxamine extracts It acts as a xenosiderophore. It attaches on the Rhizopus | [25]
ferric iron from spp. and functions by transporting iron by energy-
transferrin dependent reduction of iron
Role of hemin utilization in Mucormycetes iron metabolism
Heme oxygenase Iron uptake from heme | Obtain iron from host hemoglobin and allow [22]
angioinvasion of Rhizopus spp.
Others
Proteinases Protein lysis Degrade host epithelium and contribute to the [26]
* Aspartic angioinvasive nature of the disease
proteinases
 Subtilase
protein
Rhizoxin Mycotoxin Antimitotic metabolite that kills host cells [27]

GRP glucose receptor protein

sites (Fig. 4.1). In patients with burns or other
skin trauma/maceration, the spores can directly
penetrate deeper tissues. Spores can also gain
entry via application of non-sterile adhesive tapes
and surgical dressings [29, 30]. Furthermore,
mucormycosis spores can also gain access via
contaminated tongue depressors or wooden
applicators [31].

4.4.1 Spore Germination

The germination of spores and hyphal formation
is critical for establishing infection in the host. In
immunocompetent mice, pulmonary alveolar

macrophages harvested from the lungs have been
found to effectively ingest and prevent the germi-
nation of R. arrhizus spores both in vitro and after
intranasal infection. In contrast, those derived
from immunosuppressed mice are unable to do
so [32].

4.4.2 Attachmentand Invasion

The next step is attaching to extracellular pro-
tein matrices such as laminin and collagen
IV. Any epithelial cell damage (e.g., due to
COVID-19) can expose them for interaction
with inhaled/ingested spores [28]. Rhizopus
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Fig. 4.1 Overview of pathogen entry and clinical presentations in mucormycosis

spp. can also attach to and invade the endothe-
lium by recognizing a specific host receptor, the
glucose-regulator protein 78 (GRP78) [33, 34].
This heat shock protein is a component of the
host stress-related responses that helps in the
specific binding of Mucorales germlings via the
fungal ligands of the spore coat protein (CotH)
family [35].

During SARS-CoV-2 infection, the endo-
plasmic reticulum stress is stimulated, which
drives GRP78 synthesis [36]. In a recent study,
nearly five times higher serum GRP78 was
observed in patients with SARS-CoV-2 infec-
tion compared to the control group [37]. The
GRP78 mediated attachment and internalization
of the SARS-CoV-2 virus has also been reported
[38]. Thus, upregulation of GRP78 enhanced by
SARS-CoV-2 spike protein for its entry and by
diffuse endothelial is seen in COVID-19 may
also facilitate the attachment and invasion by
Mucorales [39].

4.5 Immunopathogenesis

In a healthy host, the dormant/resting spores
resist phagocytic killing but, swollen/germinat-
ing spores or hyphal forms are prone to degrada-
tion by immune cells. After endothelial
penetration, Mucorales also encounter platelets
that adhere to the spores and suppress germina-
tion, which contributes to hyphal damage, poten-
tially hampering the fungal growth by adhering
and damaging the hyphae or indirectly, by secret-
ing inflammatory cytokines [40]. Various studies
have investigated the interaction of Mucorales
with host immunity (both innate and adaptive),
and the details are summarized in Table 4.3.

The role of cytokines in modifying host
response against the Mucorales originates from
experimental studies, and its immunological
interactions are depicted in Fig. 4.2.

Interleukin-1 beta (IL-1p) plays a pivotal role in
response to pathogenic fungi with a significant role
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Table 4.3 Interaction of the Mucorales with the immune system
Categories of the immune
response with cellular type | Function Immune evasion by Mucorales References
Innate immune response
Bronchial alveolar The first line of defense and e Inhibits phagosome maturation by [32,
macrophages (BAM) prevents germination of cell wall melanin 41-43]
Mucorale spores and has arole | ¢ Upregulation of iron acquisition
in iron restriction genes
e Upregulation of genes involved in
nutrient assimilation to allow the use
of alternate nutrients in a hostile
macrophage environment
Epithelial cells The first line of defense and Mucorales damage the epithelial cells [44, 45]
prevents the entrance of and upregulate epidermal growth factor
Mucorales spores receptor (EGFR) on the surface of
epithelial cells, which promotes disease
Polymorphonuclear » Neutrophils produce * Sialic acids in the cell wall protect [46-48]
leukocytes (PMNs) or cytokines to activate other against phagocytosis
neutrophil granulocytes immune cells * Resting spores and the hyphae can
¢ They can also form tight reduce neutrophils chemotaxis
clusters around the spores
containing them in structures
resembling early granulomas
¢ Neutrophil extracellular traps
(NETS), reactive oxygen
species and cationic peptides
also damage both spore and
hyphae
Natural killer (NK) cells Natural killer (NK) cells Mucorales hyphae have an [49-52]
recognize Mucorales and cause | immunosuppressive effect on dendritic
hyphal damage on activation cells and reduce the release of
immunomodulatory molecules
Platelets « Platelet recognition of Excessive thrombosis seen in [40, 53]
Mucorales causes inhibition Mucormycosis causes
of spore germination and thrombocytopenia which also makes
hyphal growth by secretion of | surgical interventions difficult
various cytokines and
chemokines
* They also bind to and activate
other immune cells
Endothelial cells Endothelial cells surround the The glucose-regulated protein 78 [33, 54,
innermost layer of blood (GRP78) receptor present on 55]
vessels. It helps in hyphae endothelial cell surface facilitate
recognition angioinvasion by Mucorales
Dendritic cells (D.C.s) * Dendritic cells link the innate | The resting (dormant) spores of [56, 57]

immunity with the adaptive
immunity

 Production of 1L23
by dendritic cells induces
Th17 cells, which further
promote neutrophil response

Mucorales stimulate the maturation of
dendritic cells

(continued)



a4

S.Singh et al.

Table 4.3 (continued)

Categories of the immune

response with cellular type | Function Immune evasion by Mucorales References
Adaptive immune response
T cells ¢ Both CD4 and CDS cells [58]

produce cytokines that
mediate hyphal damage
Th17 cells produce IL 17,
which promotes the
antifungal defense of
neutrophils

IL-10, and IL-17) and IFNy
caused damage to hyphae

Release of interleukins (IL-4,

Spores of Mucorales .
®

Respiratory epithelium

oy

Dendritic cell

— IL23

I—b IL8,IL12

IL 10, IFNy, IL
l—+4 IL17,I1L5

IL-12, Hyphal
> IL1B, 1L 6, TNF a, IFN activate damage
NK cell

Germinating spore.

VWE Nafaa.

Macrophage

IL1B, TNFa,IL8*

CD4 T cell

CD8 T cell

NK Cell

Monocyte Neutrophil

Endothelium

Fig. 4.2 Schematic representation of immune cells involved in the pathogenesis of mucormycosis

in the induction of other proinflammatory
responses, hematopoiesis, Th17 cell differentia-
tion, etc. [59]. Tumor necrosis factor o (TNF-o) has
adual role as an activator of inflammatory response
and immunosuppression by mediating host apopto-
sis. At the same time, Interleukin-6 mediates leuko-
cyte trafficking and production of acute-phase

reactants while promoting T-cell proliferation and
B cell responses [60]. The IL-12 promotes Th1 cell
response, natural killer (N.K.) cell activation,
Dendritic cell maturation, and production of
interferon-y (IFN-y) and chemoattractant proteins
like IL-8 also recruit immune cells, thereby mediat-
ing an effective immune response [60].
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4.6 Factors Affecting
the Pathogenesis
of Mucormycosis

in COVID-19

e Hyperglycemia: The SARS-CoV-2 impairs pan-
creatic beta-cell function and precipitates acute
diabetic ketoacidosis (DKA) [61], and DKA has
been was observed even with T2DM cases [62].
In the past, infections with SARS-CoV-1 have
been seen to be associated with hyperglycemia
persisting for as long as 3 years indicating long-
term damage to pancreatic f-cells by these
viruses [63]. Thus, SARS-CoV-2 mediated
DKA could present even weeks or months after
apparent recovery from the disease substantiat-
ing the late onset of CAM [14].

e Corticosteroids: Worsening of glycemic con-
trol can also occur secondary to the use of sys-
temic steroids and antiviral agents in the
management of COVID-19. A higher inci-
dence of mucormycosis infections has been
observed in patients who received corticoste-
roids during COVID-19 treatment, often in
terms of inappropriate doses (> 6 mg/kg dexa-
methasone), duration (more than 10 days) or
even when not indicated [14, 64]. Impaired
macrophage and neutrophil function due to
steroids  explains suppressed antifungal
immunity.

e [ron metabolism: Dysregulated iron metabo-
lism is known to occur during COVID-19
[65]. The interaction between viral particles
and hemoglobin perpetuates a cascade of dys-
functional hemoglobin synthesis, hemolysis,
and heme accumulation with increased serum
ferritin also seen in response to the inflamma-
tion [66—68]. The activation of macrophages
and high IL-6 secretion also accentuates
hyperferritinemia. This excessive intracellular
free iron generates free radicals that cause
endothelial destruction, leading to endotheli-
tis, promoting fungal invasion [69].

e Immune dysfunction: The mucociliary clear-
ance by the nasal epithelium is the primary

innate immune defense against inhaled micro-
organisms. This clearance is delayed in
COVID-19, allowing Mucorales spores to
attach to the nasal epithelium [70]. Among
innate immune cells, lymphopenia has been
observed among COVID-19 patients, but its
role in escalating the host susceptibility to
mucormycosis is not clear due to insufficient
data [71] (Fig. 4.3).

4,7 Common Misconceptions

The unprecedented epidemic of mucormycosis in
the background of the COVID-19 pandemic has
given rise to various misconceptions regarding
CAM. The term “black fungus” has been used
incorrectly and indiscriminately to indicate
mucormycosis infection, which should be dis-
couraged. Although the clinical presentation of
mucormycosis comprises eschar and black
necrotic lesions, the term “black fungus” actually
denotes a completely different group of fungi that
produce the pigment melanin, resulting in black
hyphae, which are not seen in Mucorales. Another
misconception is regarding the source of infec-
tion. The use of respirators, oxygenation during
COVID-19 management, reuse of masks, etc.
have been implicated as potential sources of
infection, but this lacks scientific backing. There
is also no evidence of human-to-human transmis-
sion, and this disease is acquired via Mucorales
spores present ubiquitously in the environment,
both indoors and outdoors. The prophylactic use
of antifungals to prevent this infection in
COVID-19 is also strongly discouraged since the
incidence of infection is <10% in any COVID-19
cohort [8].

4.8 Future Perspectives

Although CAM is a new entity, various reports
describing this infection have emerged over the
past few months. Unfortunately, there is still a
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Fig. 4.3 Factors affecting pathogenesis of mucormycosis in patients with SARS CoV-2 infection

shortage of systematic prospective studies evaluat-
ing the various factors involved in disease patho-
genesis and outcome, particularly in comparison
to non-COVID mucormycosis cases. Studying the
nature and extent of immunological dysfunction in
COVID-19 and its impact on the pathogenesis of
mucormycosis is a promising area of research.

49  Conclusion

Although host-immune response and inflamma-
tory signalling against Mucorales have been
established, the underlying molecular mecha-
nism responsible for producing proinflamma-
tory cytokines and activating inflammatory
response against Mucorales is unknown. In the
context of CAM, this field is even more unex-
plored. An understanding of the pathogenesis
of CAM can provide new perspectives for
developing novel diagnostic and treatment
modalities.
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Key Points

Rhino-orbito-cerebral ~ mucormycosis
requires a prompt diagnosis as it is a
medical emergency and exhibits high
mortality.

Moucorales causing the disease exhibit a
wide spectrum of species with the emer-
gence of newer agents.

Endoscopically obtained tissue samples
are preferable.

Direct microscopy (potassium hydrox-
ide  (KOH)/calcofluor  white-KOH
mount) quickly pinpoints broad aseptate
ribbon-like hyphae of Mucorales.
Culture is obtained in only 50% of
cases.

Tissue should be teased instead of grind-
ing as Mucorales are very friable.
Identification of causative agents is vital
due to variation in antifungal
susceptibility.

MALDI-TOF and molecular techniques
aid in the identification of agents.
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5.1 Introduction

Rhino-orbito-cerebral mucormycosis (ROCM),
caused by Mucorales, is considered a medical
emergency due to its ability to cause infarction
and necrosis of tissues leading to high mortality.
Therefore, early diagnosis is essential for immedi-
ate management and maintaining the vitality of the
unaffected tissues, thereby improving outcomes.
The agents of mucormycosis belong to the phylum
Mucoromycota subphylum Mucoromycotina and
order Mucorales comprising 261 species and 55
genera (Fig. 5.1) [1]. Of 55 genera, 38 are patho-
genic to humans, including commonly encountered
Rhizopus, Lichtheimia (previously called Absidia),
Apophysomyces, Mucor, Rhizomucor, Saksenaea,
Cunninghamella, Syncephalastrum, Cokeromyces,
Actinomucor and Thamnostylum [1].

5.2  Diagnosis
The diagnosis of ROCM is based on clinical cri-
teria, radiological imaging, microbiological and
histopathological examination. The flowchart
summarizing the microbiological investigations
is given in Fig. 5.2.

The detailed methods are described below.
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Fig. 5.1 Taxonomical classification of agents causing mucormycosis

Diagnosis of mucormycosis

Tissue samples

Blood/body fluid

Microscopy BHI or DRBC

Culture on SDA,

l—|—|

Molecular Molecular Serology

Matrix associated
laser desorption-time
of flight

Lactophenol cotton blue
preparation

Molecular (Conventional/real-
time/multiplex/triple PCR: ITS, 18SrDNA,
PCR-RFLP, PCR-ESI, sequencing)

Fig. 5.2 Flowchart showing the various diagnostic
modalities for diagnosis of Mucorales from clinical sam-
ples. BHI Brain-heart infusion agar, DRBC Dichloran
rose Bengal chloramphenicol, /7S Internal transcribed

5.2.1 Sample Collection

and Transport

Type of samples: Endoscopic or Computed
Tomography (CT) guided nasal scraping/nasal
biopsy, orbital tissue and brain tissue. Swabs are
generally not satisfactory since they allow drying
of specimens and loss of viability.

Transport: Specimens should be collected
aseptically in clean, sterile and properly sealed
containers, delivered to the laboratory within 2 h.

spacer, PCR Polymerase chain reaction, PCR-ESI PCR
electrospray-ionization mass spectrometry, PCR-RFLP
PCR-restriction fragment length polymorphism, SDA
Sabouraud dextrose agar

If processing is to be delayed for more than sev-
eral hours, it is recommended that specimens be
stored under refrigeration at 4 °C.

5.2.2 Sample Processing

The specimens should be handled in a biosafety
level-2 (BSL-2) laboratory facility with a Class II
biosafety cabinet [2]. The sample should be pro-
cessed and then inoculated to primary isolation
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media within a few hours of collection. Caseous,
purulent or bloody areas and necrotic parts of the
sample should be selected and included for pro-
cessing. The processed sample is subjected to
microscopy, culture and molecular diagnosis.

5.2.2.1 Microscopy

For a quick presumptive diagnosis of ROCM,
direct microscopy is a cheap, rapid and readily
available technique. It forms an essential compo-
nent of national and international experts’ recom-
mendations emphasizing septation, angle of
branching (45-90°) and hyphal breadth
(625 pm) [European Confederation of Medical
Mycology and Mycoses Study Group Education
and Research Consortium (ECMM/MSG ERC)]
[3]. However, direct microscopy cannot differen-
tiate amongst different genera or species.

1. Potassium hydroxide (KOH) mount. 10-20%
KOH wet mount preparation of the specimen
is the standard method used in direct micros-
copy in which characteristic broad, ribbon-
like aseptate hyphae of Mucorales are
characteristic broad, ribbon-like aseptate
hyphae noted under microscope (Fig. 5.3a).
KOH, a strong alkali, clears the cell debris
and makes fungi clearly appreciable as they
are resistant to digestion.

2. KOH-Calcofluor white (CFW) solution mix-
ture: CFW stain binds to the cell wall of the
fungi (B-1,3 and B-1,4 polysaccharides, spe-
cifically cellulose and chitin) and fluoresces
bluish-white under a fluorescent microscope,
thereby enhancing the visualization of the
fungal element in specimens (Fig. 5.3b) [4].
Uvitex 2B and Blankophor are other alterna-
tives. Optimal fluorescence occurs with UV
excitation. Hence, the fluorescent microscope
needs to have filters of UV range.

5.2.2.2 Culture

The global guidelines by ECMM/MSG ERC
strongly recommend culture techniques for iden-
tification up to species level and antifungal sus-
ceptibility testing [3]. The samples suspected of
mucormycosis need to be teased with sterile teas-
ing needles instead of homogenizing due to the
highly friable nature of aseptate hyphae.
Routinely, the inoculation is done on two tubes of
Sabouraud’s dextrose agar (SDA) containing
antibiotics and one tube of brain heart infusion
agar (BHI). One SDA tube and BHI is incubated
at 30 °C were another set of SDA at
37 °C. Compared to other moulds, Mucorales
grow rapidly within 24-48 h. The gross morphol-
ogy of the colonies classically appears cottony.
The incubation at varying temperatures increases

Fig.5.3 (a). KOH mount of nasal scraping showing broad aseptate hyphae of Mucorales. (b) Calcofluor white (CFW)-
KOH mount showing bright bluish-white broad ribbon-like aseptate hyphae of Mucorales
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the chance of isolation and differentiates between
certain members of Mucorales. The growth of
Mucorales from a sterile site is considered con-
firmed positive, while that from a non-sterile site
is judged in combination with clinical and radio-
logical criteria. Despite the ease of sample col-
lection from ROCM cases, culture positivity
remains at 50% owing to the frangible aseptate
hyphae [5, 6]. Lower culture sensitivity is partic-
ularly noted for R. arrhizus and R. homothallicus
indicating their higher vulnerability to damage
[7]. Recently, Vaezi et al. demonstrated higher
positivity of a microculture assay from blood
(28.9% vs 0%) and kidney tissue (98.8% vs
31.1%) of an immunocompetent mouse model of
disseminated mucormycosis than conventional
methods [8].

The identification of Mucorales is based on
phenotypic features requiring expertise and
genotypic methods. The ECMM-MSG-ERC
global guidelines for mucormycosis strongly rec-
ommend the identification of Mucorales to the
species level for epidemiological evaluation [3].
However, identification to the genus level is only
marginally supported in deciding the manage-
ment of patients.

Mucorales are rapidly growing and cottony in
appearance, varying from white to grey to black-
ish colour. Mucorales generally produce broad

non-septate or sparsely septate hyphae (10—
25 pm wide), branching irregularly exhibiting
asexual structures like sporangium containing
spores and rhizoids apophysis, columellae and
sexual structures like zygospores (Fig. 5.3). In
the absence of sporulation, especially in
Apophysomyces  elegans and  Saksenaea
vasiformis, slide culture technique in nutrient-
deficient media like corn meal agar, potato dex-
trose agar and water agar with 0.1% of yeast
extract enhance the spore formation (Fig. 5.4).
The phenotypic characterization is challenging
due to overlapping morphological features in dif-
ferent species and many cryptic species [9—13].
The methods used for identification of Mucorales
listed below include lactophenol cotton blue
mount (LCB), matrix-assisted laser desorption
ionization-time-of-flight mass  spectrometry
(MALDI-TOF MS) and PCR sequencing.
Identification of the cultures

(a) Lactophenol cotton blue mount (LPCB):
LPCB mount prepared from culture demon-
strates microscopic morphology aiding iden-
tification of Mucorales. ldentification
features of the commonly associated
Mucorales are described below (Fig. 5.5)
[14-16].

1. Rhizopus arrhizus

Fig.5.4 (a) Slide culture technique. (b) Water agar technique
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s

Fig. 5.5 Colony characteristics (left) and microscopic
features (right) of (A) R. arrhizus (x100), (B) R. micro-
spores (x400), (C) Lichtheimia corymbifera (x100), (D)
Apophysomyces variabilis (x400), (E) Rhizopus homo-

thallicus  (x400), (F) Cunninghamella bertholletiae
(x400), (G) Syncephalastrum racemosum (x400), (H)
Rhizomucor pusillus (x400) and (I) Mucor circinelloides
(x400)
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Colony Characteristics: (SDA-25-37 °C)
Rapidly growing cottony greyish white
colonies. Microscopy: Sporangiophores
are single or in groups, 1-2 mm high
(18 pm wide), unbranched; sporangia
spherical, brownish grey to blackish; col-
umella covering 50-70% of sporangium;
brownish rhizoids; subspherical to rhom-
boidal brownish sporangiospores
(6-8 x 4.5-5 pm) with longitudinal
striations.

. Rhizopus microsporus

Colony Characteristics: (MEA-30 °C)
Cottony  greyish  brown colonies.
Microscopy: Sporangiophores (8—10 pm
wide) 400-500 pm high produced singly
or pairs; sporangia spherical, greyish
black; columella pyriform covering up to
80% of sporangium; sporangiospores
(6 pm) ellipsoidal to spherical (6 and
9 pm in length), with striations.

. Lichtheimia corymbifera

Colony Characteristics: (MEA, 30 °C)
Cottony greyish white rapidly growing
colonies. Microscopy: Sporangiophores
(up to 400 pm) branch repeatedly to form
corymbs, sporangia pear-shaped; colu-
mella hemispherical or tapering with pro-
jections on top and a long conical
apophysis;  sporangiospores hyaline,
smooth-walled, spherical to ellipsoidal.

. Apophysomyces variabilis

Colony Characteristics (MEA-30 °C):
Rapidly growing creamy white cottony
colonies turning yellowish over time.
Microscopy: ~ Sporangiophores  (100-
400 pm) unbranched, smooth-walled
arising singly from a hypha; apex widen-
ing to form pyriform apophysis; sporan-
gia pear-shaped; sporangiospores
smooth-walled, hyaline to brownish and
varying in shapes (cylindrical, oblong,
ellipsoidal).

. Rhizopus homothallicus

Colony Characteristics: (MEA-30 °C)
Rapidly growing brownish to greyish cot-
tony colonies. Microscopy:
Sporangiophores  (5-30 pm  wide)

2000 pm high; sporangia spherical, grey-
ish black; columella subspherical; spo-
rangiospores ellipsoidal or spherical with
striations; homothallic with brownish yel-
low, spherical, spiny zygospores with
unequal suspensors.

. Cunninghamella bertholletiae

Colony Characteristic.: (MEA 37 °C)
Rapidly growing greyish white colonies.
Microscopy: Sporangiophores erect, with
a whorl of short lateral branches at the
apical region, ending in a swollen vesicle,
single-spored sporangiola all over the
vesicle attached by denticles, sporangio-
spores oval to spherical and smooth
walled.

. Syncephalastrum racemosum

Colony Characteristics: (MEA, 25 °C)
Greyish rapidly growing cottony colo-
nies. Microscopy: Sporangiophores (10—
25 pm wide) single or branched, arising
from rhizoids, ending round vesicle, cov-
ered entirely by merosporangia, greyish
cigar-shaped, containing chains of 3-18
spores; merospores smooth-walled, round
to oval.

. Rhizomucor pusillus

Colony Characteristics: (MEA-30 °C)
Rapidly growing cottony dark brown col-
onies. Being thermophilic, it grows up to
54-58 °C. Microscopy: Sporangiophores
(11-15 pm wide) brownish, sympodially
branched; rhizoids short rudimentary;
sporangia spherical; columella spherical
to pyriform and lacking apophysis; spo-
rangiospores spherical, smooth-walled;
homothallic or heterothallic with spheri-
cal dark brown spiny zygospores and
equal suspensors.

. Mucor circinelloides

Colony Characteristics: (MEA, 24 °C)
Rapidly growing brownish grey, black or
yellow colonies. Microscopy:
Sporangiophores (6 mm high, 17 pm
wide) branched, elongated and shorter
ones; columellae spherical to ellipsoidal;
sporangiospores ellipsoidal and smooth-
walled; chlamydospores absent or scanty.
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(b) Matrix-assisted laser desorption ionization-
time-of-flight mass spectrometry (MALDI-
TOF MS): MALDI-TOF MS with an upgraded
database is a remarkably effective technique
for identifying Mucorales to the tune of 100%
at the genus level and 81.1% at the species
level [3, 17, 18]. It is a simple, rapid, high-
throughput  technique for identifying
Mucorales based on their unique main spec-
trum profiles (MSPs). However, the database
requires continuous upgradation. The ECMM-
MSG-ERC global guidelines for mucormyco-
sis moderately support MALDI-TOF use due
to its reliability on in-house databases and
unavailability at many centres [3].

Other phenotypic methods: The success of
ID32C (bio Merieux, Marcy I’Etoile, France)
and API 50CH (bioMerieux) kits based on car-
bon assimilation profiles of different Mucorales
was described by Schwarz et al. [19].
PCR-sequencing: The PCR sequencing tar-
geting the internal transcribed spacer (ITS)
region is the recommended molecular
method for identifying Mucorales [3]. It is a
cumbersome technique and is mainly avail-
able at reference laboratories. The concor-
dance with phenotypic identification is
reported to be >90% [20]. Other successful

(©)

(d)

Table 5.1 Molecular diagnosis of mucormycosis

targets used for Mucorales identification
include 18S rDNA, 28S rDNA, FTR1 and
cytochrome b [1, 3].

5.2.2.3 Molecular Diagnosis

The need for molecular technique arises when
culture does not yield growth of Mucorales (48—
68% of direct microscopy positive) or in cases of
concurrent infection due to Aspergillus and
Mucorales or when the sparse fragments present
in tissue make histopathological differentiation
difficult [7, 21-23]. The molecular method is a
quicker technique (<48 h) than culture (72—144h)
and histopathological (72-96h) examination,
although direct microscopy is the most rapid
(<1 h) [7]. Molecular detection directly from
fresh samples and formalin-fixed paraffin-
embedded tissues is a promising technique but
possesses heterogeneity in target genes (like ITS,
18S rDNA, 28S rDNA, cytochrome B, mitochon-
drial gene rnl or CotH genes), encompasses dif-
ferent methods with varying sensitivity [PCR and
sequencing, semi-nested PCR, RFLP, qPCR and
high-resolution melting (HRM) or electrospray
ionization mass spectrometry (PCR/ESI-MS)]
and lacks validation and standardization
(Table 5.1) [6, 8, 24, 25]. Although histopatho-
logical examination (HPE) of tissue is an impor-

Sl Number of
no | Molecular approach | Target gene/s | Samples samples Positivity Remarks
1 | ITS (panfungal) ITS Freshand |N=8 8 (100%) One sample was
sequencing [38] FFPE identified as R.
tissues pusillus but Absidia
by culture
2 | PCR Mucorales 18S rDNA of | Fresh and N=27 22, of which one Semi-nested
specific primer Mucorales FFPE result was 81% sensitivity
sequencing tissues discordant with
[39, 40] culture at species
level
18S rDNA Bloodand |N=12 91% in paraffin- Probe-based
gene tissue (tissue embedded tissue Mucorales-specific
(Muc18S) samples) samples real-time qPCR assay
N =268 Serum: 100%
(serum proven/probable
samples) cases, 29%
possible cases and
15% in
unclassified

(continued)
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Table 5.1 (continued)

S1
no

Molecular approach

Target gene/s

Samples

Number of
samples

Positivity

Remarks

3

Real-time PCR
(qPCR) followed
by high-resolution
melt analysis
(HRM) [26, 38,
41-43]

ZM1 and ZM3

Fresh and
FFPE
tissues

N=17

100%

Semi-nested real-time
PCR.

Melting temperatures:
R. microsporus,
76.46 °C; R. oryzae,
76.59 °C; M.
racemosus, 76.78 °C;
M. circinelloides,
76.98 °C; R. pusillus,
77.87 °C; L.
corymbifera,

78.56 °C

New

species-
specific
real-time PCR
assay targeting
ITS2 region of
ribosomal
DNA

BAL

9/99 (9.09%)

Sensitivity (100%)
and specificity (93%);
Rhizopus spp. (n = 6),
R. pusillus (n = 2),
and L. corymbifera

(n = 1); results within
S5h

Cytochrome b
gene

Fresh
tissue and
paraffin-
embedded
tissue

N=2
(fresh
tissue)
N=62
(paraffin-
embedded
tissue)

100% sensitivity and
specificity for fresh
tissue

56% sensitivity and
100% specificity for
paraffin-embedded
tissue

rnl gene

Tissue,
blood

N=21

15 (71.4%
positivity)

LoD: 100 fg
mucoralean DNA
HRM profile in
conidia-spiked blood
samples: 10* R.
arrhizus-conidia-
spiked blood,
equating R. arrhizus
conidia/PCR reaction

18S rDNA

Fresh
tissue and
FFPE

N=6
(fresh
tissue)
N=1
(FFPE)

100%

Semi nested real-time
PCR

Multiplex
real-time
quantitative PCR
(qPCR) [44]

Molecular
beacon
species-
specific probes
ITS1/ITS2
region with
specific probes
for R. oryzae,
R.
microsporus
and Mucor

Spp.

Tissue

N=12

N=9

Two were negative as
the causative agent
was not included in
the primer set (R.
pusillus and C.
bertholletiae)
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Table 5.1 (continued)

Sl Number of

no | Molecular approach | Target gene/s | Samples samples Positivity Remarks

5 | qPCR [45] 28S rDNA Lung N=98 N=97 (99% sensitivity)

BAL N=22 N=22 (100% sensitivity)

6 | PCR coupled with | 16S-23S Fresh N=15 Genus level: Quantitative real-time
electrospray- rRNA gene tissues 13/15; species PCR and sequencing;
ionization mass (ITS PCR) level: 12/15 results within 6 h;
spectrometry and 18S PCR Cunninghamella spp.
(PCR/ESI-MS) or Saksenaea
[46] vasiformis

misidentified

7 | PCR-RFLP [7] 18S Tissue N=50 100% Identification is

ZM1 and ZM3 possible only up to
genus level

8 | Triple qgPCRs [34, | Acory/Mucl/ | Blood N=10 9/10 Limit of detection 3.7
35,47, 48] RMuc to 15 fg/10 pL;

positive up to 68 days
before mucormycosis
diagnosis; negative
result in Lichtheimia
species
Blood N=44 36/44 Retrospective study
BAL N =337 15 (5: Proven/ Sensitivity: 100%
suspected | probable Specificity: 97%
patients mucormycosis, 3:
Probable invasive
aspergillosis, 6:
Invasive fungal
disease, 1: No
invasive fungal
disease)
CSF N=1 1/1 (100%) Single case

9 | PCR-based CotH Urine N=4 4/4 (100%) Sensitivity 90%,
detection of spore specificity 100% for
coat protein [27] proven

mucormycosis; urine
samples better than
plasma or BAL in
mice model

10 | Genera-specific 18S rRNA Serumand |N=1 1/1 (100%) Single case
qPCR assay BAL
targeting
Cunninghamella
[49]

Abbreviations: BAL Bronchoalveolar fluid, CSF Cerebrospinal fluid, C. bertholletiae: Cunninghamella bertholletiae,
DNA Deoxyribonucleic acid, FFPE Formalin-fixed paraffin-embedded tissue, /7S Internal transcribed spacer, LoD
Limit of detection, L. corymbifera: Lichtheimia corymbifera, M. circinelloides: Mucor circinelloides, M. racemosus:
Mucor racemosus, PCR Polymerase chain reaction, gPCR Real-time PCR, rDNA Ribosomal DNA, rRNA Ribosomal
ribonucleic acid, R. arrhizus: Rhizopus arrhizus, R. microsporus: Rhizopus microsporus, R. oryzae: Rhizopus oryzae, R.
pusillus: Rhizomucor pusillus, RFLP Restriction fragment length polymorphism
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tant tool for diagnosis of mucormycosis, it cannot
identify the genus/species of the etiological
agent. Fresh tissues (86—100% sensitivity) are
generally preferred samples compared to FFPE
tissues (15-90%) [3, 26-28]. Zaman et al.
reported a nested PCR technique directly from
fresh tissues targeting 18S rDNA with 100%
results, whereas ITS sequencing could identify
only 54% of the cases [7]. The lower perfor-
mance of the ITS region in Mucorales is probably
due to its longer (ITS1 region~300-350 bp)
length compared to that in other fungi (~200—
250 bp) [29]. Therefore, it is suggested to target
the Mucorales-specific 18S rDNA region in a
semi-nested PCR in tissues positive for aseptate
hyphae than the ITS1 region, which performs
better in septate fungi and yeasts [30]. The major
factor hampering PCR amplification in FFPE tis-
sues is DNA degradation due to histone cross-
linking to formalin, which inversely affects the
sensitivity over time [31, 32]. Another limitation
of the molecular technique from FFPE is the low
quality of sequence chromatograms, especially
from tissues harbouring colonizing fungi inter-
fering with amplification of target DNA [7, 29].
Jillwin et al. recorded cross-amplification in 14%
of nasal/paranasal and cutaneous samples which
form the majority of samples in suspected mucor-
myecosis cases [30]. Overall, the analytical sensi-
tivity of molecular methods in fresh tissue
samples and FFPE ranges from 97% to 100% and
56% to 80%, respectively [28]. There are no
commercially available methods for the same.
This remains the focus of the Fungal PCR
Initiative Working Group of ISHAM [33]. Apart
from the tissue samples, molecular methods have
been explored in blood and body fluids (BAL,
CSF, urine) for early diagnosis of mucormycosis,
especially pulmonary cases where deep tissue
sampling is challenging (Table 5.1). Studies have
shown detection of Mucorales DNA in serum of
patients even before 3—68 days of conventional
diagnosis [34, 35]. A commercially available,
non-FDA-approved kit, MucorGenius
(Pathonostics, Maastricht, The Netherlands), is a
real-time PCR assay targeting 28S rRNA with a
sensitivity of 75% and assay time of 3 h and diag-
nosing mucormycosis much early than the stan-

dard method [3, 24, 36]. It detects Rhizopus spp.,
Mucor spp., Lichtheimia spp., Cunninghamella
spp. and Rhizomucor spp. The major drawback of
these methods is lower sensitivity in patients on
antifungal therapy and false-negative results in
lower fungal burden [24, 35, 37]. There is still a
need to standardize and validate molecular meth-
ods from clinical samples. Despite recommenda-
tions of screening high-risk patients (e.g.
haematological malignancies, burns) for mucor-
mycosis by molecular diagnosis from serum/
plasma, its role in the diagnosis of ROCM may
be limited.

5.2.2.4 Serological Diagnosis

There is a lack of commercially available antigen
biomarkers indicating mucormycosis. The mark-
ers like galactomannan are indeed helpful in rul-
ing out the diagnosis of mucormycosis when a
high index of fungal infection is clinically sus-
pected [3, 24]. However, one needs to be cautious
of the possibility of mixed infections. The
ECMM-MSG-ERC global guidelines of mucor-
mycosis do not recommend using (1-3)
B-D-glucan (BDG) to diagnose mucormycosis.
Burnham-Marusich et al. developed ELISA
[using a panfungal monoclonal antibody (2DA6)]
and lateral-flow immunoassay (LFIA), which
could detect fucomannan present in the cell wall
of numerous fungi, including Mucorales [50].
Detection of a serum disaccharide by mass spec-
trometry (MS) in mucormycosis cases has
cross-reaction with other fungal pathogens.
Furthermore,  Mucorales-specific T  cells
(CD4+CD154+) detected by enzyme-linked
immunospot (ELISpot) assay over 24 h seems to
be specific for proven mucormycosis cases [51,
52]. Sato et al. identified Rhizopus-specific anti-
gen (RSA) by signal sequence trapping and
retrovirus-mediated expression (SST-REX) in
the mouse model. They evaluated its diagnostic
application by developing a monoclonal
antibody-based ELISA system which demon-
strated higher serum RSA levels in patients with
mucormycosis as compared to invasive aspergil-
losis (15.1 vs 0.53 ng/mL) and negative control
(0.49 ng/mL) [50, 53]. Although these tests are
still in a nascent stage; their development will be
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an asset to non-invasive rapid diagnostics of
mucormycosis.

5.2.2.5 Metabolomics-Breath Test

Koshy et al. reported differentiation of infection
caused by R. arrhizus var. arrhizus, R. arrhizus
var. delemar and R. microsporus and from that of
aspergillosis based on breath profile of volatile
metabolite, sesquiterpene in mice and human
cases tested by gas chromatography/tandem mass
spectrometry (GC-MS) [50]. This technique
seems easy, non-invasive and can be utilized for
screening high-risk patients after complete
validation.

5.2.2.6 Antifungal Susceptibility
Testing

The ECMM-MSG-ERC global guidelines rec-
ommend performing antifungal susceptibility
testing using standard methods [broth microdilu-
tion by European Committee on Antimicrobial
Susceptibility Testing (EUCAST) and the CLSI]
for Mucorales only in case of non-responders
through strong recommendation exists for epide-
miological investigation [5, 54, 55]. Commercial
methods like E-test are, however, only margin-
ally recommended as their results do not some-
times match with the standard methods. The
major hurdle in antifungal susceptibility testing
of Mucorales is the unavailability of clinical
breakpoints, which makes interpretation difficult,
although epidemiological cut-off values are
available for some species. Though amphotericin
B, posaconazole and isavuconazole have good
activity against Mucorales, few Cunninghamella
species exhibit higher MICs against amphoteri-
cin B, Rhizopus species against posaconazole and
Mucor circinelloides against isavuconazole [5].

5.2.2.7 Environmental Screening

Apart from the clinical samples, Mucorales have
also been isolated from environmental niches like
air and soil. The isolation is pertinent to delineate
the spore burden of Mucorales in environmental
sources. The isolation from the air is preferably
performed using DRBC with benomyl medium,
which is selective for Mucorales [56] (Fig. 5.6).
Whole-genome sequencing has also been

Fig. 5.6 Isolation of Mucorales from air on dichloran
rose Bengal chloramphenicol (DRBC) with benomyl
medium

employed to resolve the dynamics of an outbreak
of mucormycosis in a burn unit in France [57].

5.3  Conclusion

The diagnosis of ROCM is considered as most
urgent owing to progressive angioinvasion leading
to a high fatality rate. High clinical suspicion and
microbiological examination of endoscopic tissue
biopsies is the prime requirement. Obtaining deep
samples might not be possible in patients with
neutropenia or thrombocytopenia. The conven-
tional diagnostic techniques like direct micros-
copy and culture have low sensitivity, though
optical brighteners enhance the visual field. The
fragile nature of the aseptate hyphae of Mucorales
affects the yield of culture. There is a complete
void of serological markers for Mucorales though
a negative galactomannan may decrease the likeli-
hood of infection. The molecular techniques are
emerging but are available only in reference labo-
ratories and lack standardization.
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6.1 Introduction

Mucormycosis is a fulminant, rapidly progres-
sive, and opportunistic infectious disease
caused by fungi of the order Mucorales, with
mortality rates as high as 50% even with treat-
ment [1]. They belong to the phylum
Glomeromycota, under which there are two
subphylums: Mucormycotina and
Entomophthoromycotina, formerly grouped
together under Zygomycetes [2]. Rhizopus is
the most frequent genus of Mucorales, which
causes human disease, accounting for up to
90% of cases, while Mucor is identified in
approximately 20% of cases [3]. Other genera,
viz. Rhizomuccor, Lichtheimia (formerly
Absidia) are  considerably rare  [4].
Microbiological culture fails to grow the
organism from patient specimens in approxi-
mately 50% of cases; hence, histopathology
plays an important role in arriving at the cor-
rect diagnosis [5].

Infection by Mucorales is clinically classified
based on the anatomical site affected, viz. Rhino-
orbito-cerebral, gastrointestinal, pulmonary,
cutaneous, and disseminated mucormycosis.
Among these, the most common clinical mani-
festation is rhino-orbito-cerebral disease [5].
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6.2 Pathogenesis

Mucorales have an affinity for blood vessels and
nerves; hence, vascular invasion and thrombosis
with resultant tissue necrosis, and neurotropism
are key features of invasive mucormycosis. The
endoplasmic reticulum (ER) is a vital/critical
cell organelle that serves as a factory for the
synthesis and assembly of secretory and mem-
brane proteins. The normal functioning of the
ER is regulated by ER chaperones. Glucose-
regulated protein 78 (GRP78) is one such ER
chaperone that performs various functions such
as transporting polypeptides across the ER
membrane, assisting in folding and assembly of
protein molecules, targeting misfolded proteins
for degradation, and regulating calcium levels
within cellular compartments. However, its
most important function is serving as a sensor of
ER stress. It is considered the master regulator
of ER stress through modulation of the unfolded
protein response (UPR) [6]. The high availabil-
ity of freely accessible iron in plasma and tis-
sues seen in acidotic conditions like diabetes
due to the displacement of protons by transfer-
rin accentuates the expression of GRP7S, fur-
ther promoting angioinvasion and neurotropism.
Various factors also regulate the latter in the
microenvironment of the nerves [7].
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6.2.1 COVID-19 and Mucormycosis

The clinical picture of COVID-19 covers a wide
spectrum, ranging from asymptomatic infection
through mildly symptomatic disease to severe,
fatal pneumonia. SARS CoV-2 infection, its
treatment with resultant immunosuppression, and
preexisting comorbidities have made patients
vulnerable to secondary infections including
mucormycosis. There has been a dramatic rise in
the incidence of rhino-orbito-cerebral mucormy-
cosis in 2021, accompanied by rarely seen histo-
logical features. Mucormycosis may occur
concurrently with COVID-19, or may occur in
patients who have recovered from the viral
disease.

6.3  Histopathological Features

6.3.1 Gross Appearance

Specimens received for histopathological exami-
nation include debridements of sinonasal tissue
by endoscopic surgery, soft tissue debridements,
maxillectomies, and orbital exenterations. On

gross examination, involved tissues appear
necrotic with a blackish discoloration. Fat necro-
sis, if present, has a chalky white appearance.

6.3.2 Microscopic Features

6.3.2.1 Morphology of Fungal Profiles

On hematoxylin and eosin (H&E) stained sec-
tions, Mucorales are readily stained, characteris-
tically displaying nonpigmented amphophilic
hyphae that are thin-walled, imparting a pale, and
translucent appearance [8] (Fig. 6.1). The hyphae
are broad, varying in thickness from 6 to 50 pm,
and have a ribbon-like appearance due to their
nonparallel walls (Fig. 6.1d). They may reach a
length of up to 200 mm [3]. They are often folded
upon each other or seem crinkled and show a
haphazard pattern of branching at various angles,
ranging from 45° to 90° [9] (Fig. 6.1c). The fun-
gal profiles of Mucor are often erroneously con-
sidered aseptate but indeed show occasional
septae, and hence, the term pauciseptate is more
apt to describe them (Fig. 6.1f). Septae should,
however, be distinguished from artifacts caused
by the folding of tissue on itself.

Fig. 6.1 Amphophilic hyaline fungal hyphae (a; x200)
with a ribbon-like appearance (b; x400) and haphazard
branching at variable angles (arrows) (c¢; x400) within

necrotic tissue; broad hyphae with well-delineated cell
walls (d; x400), and hollow transverse sections (e; x400);
septae (arrow) are seen in occasional hyphae (f; x400)
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Within any given tissue specimen, the number
of fungal hyphae that are present varies consider-
ably. When numerous, the diagnosis is relatively
straightforward. However, when fungal profiles
are sparse in number or only fragmented fungal
hyphae are present, the above features are chal-
lenging to identify, making diagnosis onerous.
Growth conditions also cause variations in mor-
phology; in areas with high oxygen tension such
as the paranasal sinuses, asexual reproduction
results in the formation of sporangia, which are
thick-walled sac-like structures (50-300 pm)
seen at one end of a broad, elongated, relatively
rigid looking, usually unbranched hypha known
as a sporangiophore, which measures up to
1500 pm in length and 18 pm in diameter
(Fig. 6.2). The sporangia contain spherical spo-
rangiospores, which range from 4 to 8 pm in
diameter. The sporangia, sporangiophores, and
sporangiospores may be pigmented, appearing
light brown in color on H&E stain (Fig. 6.2). The
size and shape of sporangia and sporangiospores
differ from species to species [10]. However, this
distinction is difficult to make on tissue sections
as sporangia are often disintegrated, with sporan-

giospores dispersed around them. Under polar-
ized light, sporangiospores show a Maltese cross
appearance as is seen in yeast forms of
Cryptococcus and Histoplasma, and should not
be mistaken for the same (Fig. 6.2d). Aggregates
of fungal hyphae seen within empty spaces are
known as fungal balls; they may rarely show the
presence of sporangia or sporangiospores
(Fig. 6.3). They are frequently present within the
necrotic contents of the maxillary sinus. However,
they are not identified within soft tissues and are
unlikely to be seen in orbital exenteration
specimens.

6.3.2.2 Host Tissue Reaction

The microscopic picture of Mucormycosis is pre-
dominated by tissue invasion, particularly angio-
invasion, with resultant tissue necrosis, which
has been variably described as bland or
infarct-like, indicating the absence of visible cel-
lular outlines within the necrosis. Fat necrosis
(Fig. 6.4) of periocular soft tissues characteristi-
cally shows neutrophilic panniculitis with ghost
adipocytes and, less frequently, finely granular
basophilic calcification. Groups of necrotic adi-

Fig. 6.2 Diagrammatic representation of structure of
Mucorales (a); tissue sections showing sporangia contain-
ing sporangiospores, along with dispersed spores (b; HE,
x400); long unbranched pigmented sporangiophore
(arrow) and mature sporangia packed with sporangio-
spores (c; HE, x400); sporangiospores display Maltese
cross appearance under polarized light (d; PAS with dia-
stase {PAS-D}, x200). Fruiting body of Aspergillus has a

central vesicle with radiating phialides and chains of
conidia (arrow) (e; HE, x400); narrow septate hyphae
(arrow) and fruiting bodies of Aspergillus (f; HE, x400).
Coinfection with Mucor (arrowhead) and pseudohyphae
of invasive Candidiasis (arrows) (g; HE, x400); aggregate
of yeasts and pseudohyphae of Candida with degenerated
sporangia of Mucor (asterisk) (h; HE, x400)
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Fig. 6.3 Fungal ball of enmeshed hyphae of both Mucor
(arrow) and Aspergillus (arrowhead) (a; HE, x400);
Aspergillus demonstrate dichotomous branching (b; HE,
x400). Gomori methenamine silver (GMS) stain high-

lighting the broad fungal hyphae of Mucorales (c; x400),
and slender hyphae and degenerating fruiting body
(arrow) of Aspergillus (d; x400)

Fig. 6.4 Necrosis and acute inflammatory exudate
imparting a dirty blue-gray appearance (a; HE, x200); fat
necrosis with ghost adipocytes (b; HE, x100), non-
refractile eosinophilic deposits with peripheral basophilic
rim (c; HE, x400), with many long fungal hyphae of

Mucor (d; HE, x200); refractile crystalline deposits (e;
HE, x200) with a pale brown color (f; HE, x400) seen
surrounding a nerve (g; HE, x200), and showing birefrin-
gence on polarized microscopy (h; HE, x200)
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pocytes form round to ovoid eosinophilic depos-
its with a crystalline internal structure best
demonstrated by lowering the microscope’s con-
denser, upon which they appear refractile. Often,
these crystalline deposits have a light brownish
color on H&E staining. In many cases, the refrac-
tile crystalline deposits are present adjacent to
non-refractile eosinophilic deposits of similar
size and shape, indicating a progression from one
to the other. Some of these have a peripheral
basophilic rim due to calcium deposition. On
polarized microscopy, these crystalline deposits
are strongly birefringent and appear to be com-
posed of short needle-shaped crystals that are
arranged radially. This striking histological fea-
ture has been attributed to local production of
lipases by mucormycetes [11].

The patterns of inflammation encountered
include acute suppurative inflammation and
chronic granulomatous inflammation. The acute
stage is characterized by suppurative inflamma-
tion with neutrophils dominating the inflamma-
tory infiltrate, admixed with necrotic debris,
imparting a dirty blue-gray appearance on low
magnification (Fig. 6.4a). Neutrophil micro-
abscesses surrounded by lymphoplasmacytic

infiltrate are also common. In chronic disease,
suppurative granulomas composed of central
neutrophilic micro-abscesses surrounded by pali-
saded or foamy histiocytes, lymphocytes, and
multinucleated foreign body giant cells are often
present in the periocular soft tissues (Fig. 6.5).
Well-defined granulomas with epithelioid
histiocytes and multinucleated foreign body giant
cells may also be present (Fig. 6.5).

Angioinvasion is the hallmark of the disease
(Fig. 6.6). Small, intermediate, and large-sized
blood vessels show occlusion of their lumina,
with fungal hyphae present in the vessel walls
and enmeshed within the luminal thrombi. On
occasion, a fungal ball-like aggregate of fungal
hyphae may be seen lying within the vascular
lumen.

Perineural spread (Fig. 6.7) is another charac-
teristic feature of invasive mucormycosis. Fungal
hyphae are often seen coursing along the entire
nerves, both in necrotic and in viable tissue. The
hyphae are usually concentrated within the peri-
neurium but are also seen within the substance of
the nerve. Involved nerves may show demyelin-
ation, highlighted on Luxol fast blue stain as the
loss of the normal blue-staining myelin sheath

Fig. 6.5 Suppurative granuloma (a; HE, x100) with cen-
tral neutrophilic microabscess and fragmented fungal
hyphae (b; HE, x200) and foreign body giant cells (¢; HE,

x400); epithelioid cell granuloma around fungal hyphae
(d; HE, x200) show hyphal fragments phagocytosed by
foreign body giant cells (e; HE, x400 and f; GMS x400)
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Fig.6.6 Small muscular artery with a recanalized throm- by fungal hyphae invading the vessel wall (arrow) and in
bus occluding the lumen (a; HE, x200); and Verhoeff-van  the lumen (d; HE, x200). Ball-like aggregate of fungal
Gieson stain demonstrating disruption of its internal elas-  hyphae within the vascular lumen (e; HE, x40 and f; HE,
tic lamina (b; x200). GMS stain highlights fragmented = x100)

fungal hyphae within the thrombi (¢; x40). Angioinvasion

Fig. 6.7 Dense perineural acute inflammatory exudate along the length of a nerve (d; HE, x40 and e; HE, x400);
(a; HE, x100), perineural granuloma (b; HE, x100) with  numerous fungal hyphae beneath the perineurium and in
giant cells (¢; HE, x200); fungal hyphae (arrows) coursing  the substance of a nerve (f; HE, x400)
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around the red-stained axons. The perineural
spread has been identified as a predictor of the
advanced extent of invasion into soft tissues,
including skeletal muscle and fibroadipose tis-
sue, and extension into the central nervous sys-
tem. Thus, the presence of perineural invasion in
a limited specimen such as a biopsy or debride-
ment may indicate extensively infiltrating dis-
ease, even when perineural spread is absent on
magnetic resonance imaging (MRI) [12].

6.3.2.3 Extent of Inflammation

The primary site of fungal infection is often the
nose and paranasal sinuses, from where the infec-
tion extends to the pterygopalatine fossa, ptery-
gomaxillary ~ fissure,  masticator  space,
premaxillary soft tissues, and to the orbit and
brain. Fungal balls are most commonly encoun-

tered in the maxillary sinus, followed by the
sphenoid sinus.

Involvement of the orbit and its contents by
mucormycosis most commonly is an endogenous
infection, i.e., it occurs by spread from adjacent
structures. Fungal exogenous endophthalmitis is
extremely rare, usually occurring in the postop-
erative setting or following trauma. The infection
frequently originates in the sinonasal compart-
ment or the facial skin, causing destruction of
bone and extending into the orbit (Fig. 6.8). Once
the orbital soft tissue is involved, the necroin-
flammatory process can extend into the eyeball,
with resultant scleritis (Fig. 6.9) and chorioretini-
tis (Fig. 6.10). Subretinal exudates and abscesses
may be present (Fig. 6.10a). Endophthalmitis,
i.e., inflammation of one or more coats of the eye
and adjacent cavities, or panophthalmitis, i.e.,

Fig. 6.8 Extraocular muscle showing chronic inflammatory cell infiltrate (a; HE, x100), a granuloma (b; HE, x100)
and fungal hyphae (c¢; HE, x200); bone invasion by fungal hyphae (d; HE, x100)



72 A. Kakkar and K. Kaur

Fig.6.10 Retina, lamina cribrosa, and optic nerve with subretinal abscesses (a; HE, x20) and extensive chorioretinitis
(b; HE, x40). Few fungal hyphae are identified within the layers of the retina (¢; HE, x200) and choroid (d; HE, x400)
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Fig.6.11 Panophthalmitis with necrosis of all the coats of the eye (a; HE, x40); fibrinous exudate in the vitreous con-
tains occasional fungal hyphae (b; PAS-D, x400)

inflammation of all three coats of the eye and
adjacent cavities, may occur, with the variable
presence of necrosis and neutrophilic infiltration
(Fig. 6.11). Extension from the skin may lead to
inflammation and ulceration of the eyelids; pal-
pebral and bulbar conjunctiva may also show
ulceration and necrosis (Fig. 6.12). Keratitis is
extremely rare. The orbital inflammation can
extend into the lacrimal gland resulting in dac-
ryoadenitis and replacement fibrosis (Fig. 6.13).
On H&E stained sections, fungal hyphae are dif-
ficult to identify within the ocular structures as
the hyphae are sparse in number and are frag-
mented. The release of pigment from the necrotic
uvea further hampers their identification.
Histochemical staining is therefore essential to
highlight the fungal profiles.

Inflammation of the optic nerve is almost
always secondary to infection elsewhere due to
the protective meningeal sheath around the nerve.
The propensity of mucormycetes for extensive
perineural invasion extends to the optic nerve as
well. Neutrophilic infiltration can be seen within
the nerve and the surrounding soft tissue. The
presence of fungal hyphae within the optic nerve,
especially at the resected end, is associated with
a greater likelihood of intracranial extension. In
addition to direct invasion, mucormycosis can
cause infarction and necrosis of the optic nerve
due to its vasoinvasive tendency [13] (Fig. 6.14).

6.3.3 Histochemical Stains

Grocott modification of Gomori methenamine
silver (GMS) method and periodic acid-Schiff
(PAS) with diastase are used to delineate the fun-
gal walls (Fig. 6.15). Hyphae of Mucorales stain
bright magenta with PAS. GMS stains the cell
walls intensely, while the cytoplasm remains
pale-staining. GMS and PAS, however, stain nor-
mal structures such as collagen in basement
membranes, which may cause errors in diagno-
sis, particularly in the retina, where the narrow
capillaries, whose basement membrane takes up
the PAS or silver stains, may resemble fungal
hyphae. Combined assessment of H&E features
with histochemical staining results for the identi-
fication of endothelial cell nuclei and a thin rim
of densely staining cytoplasm aid in distinguish-
ing capillaries from the latter. Fontana-Masson is
a histochemical stain used for the identification
of melanin. As fungal walls are known to contain
melanin, they may be highlighted with Fontana
Masson stain on tissue sections [14, 15].

6.3.4 Differential Diagnosis
The differential diagnosis includes other fungal

infections that demonstrate hyphae and spores,
i.e., Aspergillus, and fungi characterized by pseu-



A. Kakkar and K. Kaur

k

Fig. 6.12 Edema, vascular congestion, and mild chronic inflammation in the bulbar conjunctiva (a; HE, x40 and b;
HE, x100); ulceration of the palpebral conjunctiva (¢; HE, x40 and d; HE, x200)

Fig.6.13 Dacryoadenitis with fibrosis, (a; HE, x20) dense chronic inflammation (b; HE, x200) and foreign body giant
cells (¢; HE, x400) around the acini

dohyphae and yeast forms, viz. Candida. Both
Aspergillus and Candida can cause fungal kerati-
tis and endophthalmitis in immunosuppressed
patients.

Aspergillus spp. have narrow, 3—12 pm thick
hyphae with prominent septae and acute-angled

dichotomous branching, i.e., two equal branches
forming from the division of one hyphal stem
(Fig. 6.3b). However, tissue edema can result in
the hyphae of Aspergillus appearing broader.
Conidia, or fruiting bodies, of Aspergillus, when
present, help in distinguishing invasive aspergil-
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Fig. 6.14 Cross section of optic nerve with fibrin thrombi in the central retinal artery and vein (a; HE, x20); necrotic
optic nerve with angioinvasion (arrow) (b; HE, x400); fungal hyphae (arrow) within the optic nerve (c; HE, x200)

Fig. 6.15 GMS stain demonstrating Mucor with pale
ribbon-like hyphae (a; GMS, x200), intensely staining
hyphae with nonparallel walls (b; GMS, x400), and trans-
versely sectioned broad hyphae (c; x400); sporangia, spo-
rangiophores, and sporangiospores stain black, while the
columella remains unstained (d; GMS, x400). PAS-D

losis from mucormycosis, particularly when fun-
gal hyphae are fragmented, degenerated, or
densely aggregated into a fungal ball. Each
conidium is formed of a central vesicle with one
or two layers of radiating phialides, to which
chains of spores may be attached but are rarely
seen (Fig. 6.2¢, ). In culture, A. fumigatus shows
a single row of phialides covering the upper one-
third of the vesicle, while A. niger and A. flavus
bear two rows of phialides around the vesicle
[16]. However, this morphology is often dis-
rupted in tissue sections. The host tissue response
in invasive aspergillosis is predominated by gran-
ulomatous inflammation, with prominent fibro-
sis; variable necrosis and vasculitis may be

stains Mucor hyphae a bright magenta (e; x100); only cell
walls are highlighted, imparting a hollow appearance (f;
PAS-D, x400). PAS-D accentuates branching at variable
angles (g; PAS-D, x400) and highlights sporangia and
sporangiospores (h; PAS-D, x400)

present. Sinonasal debridement specimens may
demonstrate allergic mucin with Curshmann spi-
rals and Charcot-Leyden crystals.

Candidiasis is typified by the presence of nar-
row pseudohyphae (2-5 pm in diameter) and
ovoid yeast forms that show budding. The pattern
of inflammation is non-granulomatous more
often than  granulomatous inflammation.
Pseudohyphae show constrictions at the sites of
budding, where each elongated ovoid yeast form
is attached to another (Fig. 6.2g, h). Candida
stains intensely with PAS, while GMS staining is
variable.

Sporangiospores of mucormycetes may be mis-
interpreted as yeast forms of Cryptococcus, espe-
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cially in the absence of elongated, branching
hyphae. Both mucor sporangiospores and crypto-
cocci demonstrate a Maltese cross appearance on
polarized microscopy (Fig. 6.2d). However, the lat-
ter demonstrates a mucoid capsule easily demon-
strable by staining with Mucicarmine and
narrow-based budding. On Alcian blue staining,
the peripheral mucoid capsule stains blue while the
central organism stains magenta pink. GMS, like-
wise, stains the yeast, but the capsule remains
unstained.

When considering the differential diagnosis of
invasive fungal infection by hyphal and pseudo-
hyphal forms, a pathologist must always remain
open to the possibility of the simultaneous pres-
ence of two different fungi. Coinfections of
mucormycosis with Aspergillus and Candida are
well documented in the literature (Fig. 6.3). In
the setting of a coinfection, one fungus often out-
grows the other in culture. Thus, a discrepancy
between KOH mount/ microbiological culture
and histological appearance may be a soft pointer
toward a coinfection [17].

6.4 Intraoperative Examination
Pathologists may be called upon for intraoperative
examination, i.e., frozen section examination for
primary diagnosis to facilitate immediate surgical
debridement and assess resection margins for fun-
gal hyphae. A recent meta-analysis has shown that
frozen section examination has high sensitivity
(83%), specificity (98%), and a positive predictive
value of 98% [18]. However, the sensitivity for
detecting Mucorales (74%) is slightly lower than
that for Aspergillus (81%) [18].

6.5 Ancillary Diagnostic

Techniques

The low sensitivity of fungal culture methods,
overlapping histomorphological features of fungi
of different orders, and the frequent presence of
only degenerated or swollen, fragmented fungal

hyphae may hinder accurate diagnosis on histo-
pathology specimens. Ancillary diagnostic tech-
niques may be of value in such situations.

6.5.1 Immunohistochemistry
Immunohistochemistry (IHC) is a technique in
which target protein antigens are detected in
formalin-fixed paraffin-embedded tissues by uti-
lizing an antibody that specifically binds to the
target, followed by signal amplification and
detection step. Studies have shown that THC
using anti-Rhizopus and anti-Aspergillus mono-
clonal primary antibodies has high sensitivity
and specificity for differentiating between asper-
gillosis and mucormycosis [17, 19] and has
received the support of the European
Confederation of Medical Mycology in coopera-
tion with the Mycoses Study Group Education
and Research Consortium [20].

6.5.2 Molecular Diagnostic
Techniques

Molecular diagnostic techniques have two bene-
fits: they aid in detecting mucormycetes in tissue
specimens for confirmation of diagnosis when
histopathology is not conclusive, and they can
also accurately identify the species of fungus [5].
They can be applied to fresh as well as formalin-
fixed tissues; however, the former may be pre-
ferred as formalin fixation leads to DNA
fragmentation to a certain extent [20]. Internal
transcribed spacer (ITS) sequencing is the most
useful molecular method for speciation of
Mucorales. Several polymerase chain reaction
(PCR) based techniques may be performed on
fresh or frozen tissue samples. Matrix-assisted
laser desorption ionization time-of-flight mass
spectrometry (MALDI-TOF MS) is also a reli-
able technique, albeit not widely available. More
recently, qPCR kits have become commercially
available; however, they require validation in
clinical settings [5].
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6.5.3 Electron Microscopy

Scanning electron microscopy of fungal cultures
can help differentiate between the various species
of Rhizopus, based on the variations in the shape
of sporangiospores, whether sub-globose to ellip-
soidal, and on the pattern of ridges on their sur-
face [21]. However, the utility of routine clinical
diagnostics is limited.

6.6 Conclusion

Mucormycosis is a destructive infectious disease
characterized by extensive tissue necrosis, angio-
invasion, and perineural spread. Orbital mucormy-
cosis is usually an endogenous inflammatory
process secondary to local extension from the
sinonasal region. Patterns of inflammation encoun-
tered vary from suppurative to granulomatous,
based on the stage of the disease. Diagnosis of
mucormycosis on histopathological examination
is of paramount importance, as fungal culture
studies are frequently negative. Aspergillosis, can-
didiasis, and rarely, cryptococcosis may resemble
mucormycosis, causing difficulties in diagnosis.
However, the eye of an experienced pathologist
can discern subtle differences in fungal morphol-
ogy, distinguishing the fungal profiles of mucro-
mycetes from other fungi, enabling considerable
accuracy in diagnosis.
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Surgical Management

of Rhino-Orbito-Cerebral
Mucormycosis: Basic Endoscopic
Sinus Surgery Procedures

Nishi Gupta, Poonam Singla, Nidhi Dhawan,

and Sonil Jain

Surgical debridement is the mainstay of treat-
ment for rhino-orbito-cerebral mucormycosis
(ROCM). Rigorous medical therapy with liposo-
mal amphotericin B and reversing the ketoacido-
sis and immunosuppressive state aid in
achieving best possible results [1].

The surgical management of ROCM is com-
plex due to the aggressiveness of the disease,
multiple routes of spread, unanticipated loca-
tions that have been found to be involved and the
requirement for new expertise to do extensive
debridement.

Otorhinolaryngologists,  ophthalmologists,
neurosurgeons and faciomaxillary surgeons, as
well as the diagnostic and medical management
teams will benefit from this book. As a result, the
surgical management of ROCM is divided into
four chapters, including basic endoscopic sinus
surgery procedures, approach to pterygopalatine
fossa (PPF), and infratemporal fossa (ITF) ptery-
goid process, advanced drilling beyond sinuses,
and globe sparing orbital exenteration.

Detailed steps of functional endoscopic sinus
surgery are beyond the preview of this book. This
chapter provides a pictorial representation of
basic steps. This brief summary will assist non-
rhinologists in performing these steps and pro-
gressing to the advanced endoscopic procedures.
Since most of the landmarks are destroyed in
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advanced cases of rhino-orbito-cerebral mucor-
mycosis (ROCM), all the basic steps may not be
needed in strict sequence. However, it is essential
to open up all the sinuses widely where ever
needed, before proceeding to advanced debride-
ment beyond sinuses.

The endoscopic anatomy of the nose must be
understood  before planning a ROCM
debridement.

It is possible to understand it in three steps or
passes as described earlier [2].

First Pass The standard 4 mm 0° endoscope and
image 1S camera (Karl Storz, Tuttlingen Germany)
were used. The inferior turbinate, septum, naso-
pharynx, taurus tubarius, inferior meatus and
nasolacrimal duct entrance are all examined dur-
ing the first pass (Figs. 7.1, 7.2, 7.3, and 7.4).

Second Pass The endoscope is negotiated
between the septum and the middle turbinate in the
second pass to inspect the sphenoethmoid recess.
A distinct opening of the sphenoid sinus can be
noticed on occasion. The superior turbinate and
sphenoid ostium can be seen (Figs. 7.5 and 7.6).

Third Pass The middle meatus is visualized in
the third pass, along with its contents which include
the uncinate process, bulla ethmoidal, hiatus
semilunaris, and infundibular area (Fig. 7.7).
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Fig.7.1 Endoscopic view of the First pass showing infe-
rior turbinate (IT) and septum. MT; Middle turbinate

N. Gupta et al.

Fig. 7.3 View of nasopharynx (NP) showing taurus
tubarius

Fig. 7.2 Endoscope is negotiated along the floor of the
nose. IT; Inferior turbinate

The several passes described above aid in a pre-
liminary assessment of all the nasal cavity struc-
tures. However as discussed below, relevant
structures, must be investigated in greater depth.

1. Agger nasi

Agger nasi is an ethmoidal air cell and it lies
anterior and superior to the junction of the
anterior end of the middle turbinate with the
lateral wall (Fig. 7.8).

Fig. 7.4 Inferior meatus showing distal nasolacrimal
duct opening. Source: Author’s own figure (Endoscopic
Dacryocystorhinostomy, with permission from Springer)

Agger nasi is related anteriorly to the frontal process
of maxilla, posteriorly to the ethmoid infundibu-
lum, superiorly to the frontal recess, inferiorly and
medially to the uncinate process [1].

2. Uncinate process

The uncinate process is a thin bony structure,
shaped like a sickle and lies on the lateral wall
of the nose. It has two borders, a convex bor-
der attached to the lateral nasal wall and a free
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Fig. 7.5 S‘?C()nd pass showing superior turbinate. MT; Fig. 7.7 The third pass demonstrating the important
Middle turbinate structures, including uncinate process (UP), bulla and pre-
maxillary line (black dotted line)

Fig. 7.8 Agger nasi (AN), and middle turbinate in view
Fig. 7.6 Natural opening of the sphenoid sinus is seen (MT)

during the second pass

border that is concave (Fig. 7.7). The lower Bulla ethmoidalis
and posterior part of uncinate process curves Bulla is the anterior ethmoid air cells and lies

posteriorly to get attached to the perpendicu- posterior to the uncinate process [3—0]
lar plate of ethmoid. (Fig. 7.7). Bulla is bounded laterally by lam-
Superiorly the uncinate process may get attached ina papyracea, superiorly to the suprasellar
to the lateral nasal wall, lamina papyracea or recess that separates bulla from the fovea eth-
the middle turbinate and determines the drain- moidal, posteriorly to the retrobulbar recess

age path of the frontal sinus. that separates it from the basal lamella of the
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middle turbinate and medially to the hiatus
semilunaris superioris [7, 8].

The dissection should be performed by keeping
the instrument tip medial during an ethmoid-
ectomy to prevent injury to the lamina papyra-
cea and orbit via a breach in the lamina
papyracea.

3. Hiatus semilunaris

Hiatus semilunaris is divided into hiatus semilu-
naris superioris and hiatus semilunaris inferi-
oris [1]. Hiatus semilunaris superioris (HSLS)
is a cleft between ethmoid bulla and middle
turbinate, and it leads superiorly into the
frontal recess (Fig. 7.9). Hiatus semilunaris
inferioris (HSLI) lies between the bulla and
the free concave margin of the uncinate pro-
cess. It is a two-dimensional structure and
leads into an infundibulum lateral to the
bulla.

4. Middle turbinate

The middle turbinate is the most reliable and
constant landmark for endoscopic sinus sur-
gery [3]. It has three parts; the first part lies
in the sagittal plane and is attached to the
skull base. The second part lies in the coro-
nal plane and is attached to the lamina papy-
racea; the middle turbinate is called basal
lamella. The third part of the middle turbi-

Fig.7.9 Hiatus semilunaris superioris (HSLS) and hiatus
semilunaris inferioris (HSLI), UP; Uncinate process, MT;
Middle turbinate
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nate lies in an axial plane and is attached to
the perpendicular plate of palatine bone [1]
(Fig. 7.10).

A pneumatized middle turbinate is called concha
bullosa and needs to be addressed during
endoscopic sinus surgery.

5. Paranasal sinuses

Paranasal sinuses are grouped into the anterior
and posterior groups. The anterior group com-
prises the frontal sinus, maxillary sinus, and
anterior ethmoid sinuses. The posterior group
of sinuses include posterior ethmoids and the
sphenoid sinuses [3].

6. Meatuses

The middle meatus lies deep to the middle turbi-
nate, and the inferior meatus is the space
between the inferior turbinate and lateral wall
of nose. The nasolacrimal duct opens into this
inferior meatus.

7.1 Steps of Surgery

7.1.1 Uncinectomy and Maxillary

Sinus Clearance

The first step during endoscopic sinus surgery is
the removal of the uncinate process. The uncinate

Fig. 7.10 Middle turbinate (MT) showing its first and
third part
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Fig. 7.11 A ball pointer is used to evert the free edge of
uncinate process away from the lateral wall. This aids in
moving the uncinate away from the lateral wall and pro-
tect the orbit during uncinectomy

Fig. 7.12 Backbiting forceps is used to resect lower end
of the uncinate process

process is gently everted using a ball pointer
(Fig. 7.11). A backbiting forceps is passed into the
hiatus semiluaris to engage it under the free edge if
uncinate process (Fig. 7.12). It is then stabilized,
and jaws are closed to punch out the inferior part
of the uncinate process. Uncinectomy at the level
is performed by keeping the backbiting forceps in

Fig. 7.13 Backbiting forceps is directed inferiorly and
posteriorly to avoid injury to the nasolacrimal duct

Fig.7.14 Maxillary sinus ostium can be seen

the posteroinferior direction to avoid injury to the
lacrimal drainage system [9] (Fig. 7.13).

It takes two- to three bites for the maxillary
sinus ostium to become apparent (Fig. 7.14). The
maxillary sinus is then entered with a curved suc-
tion. The remaining horizontal part of the unci-
nate process is then fractured medially using the
curved suction (Fig. 7.15). Once mobilized, this
part is removed using forceps or microdebrider.
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Fig. 7.16 A curved suction tip is placed into the maxil-
lary sinus ostium, and the horizontal portion of the unci-
nate process is fractured inferiorly and medially

Any opening of antrum visible without doing an
uncinectomy is the accessory ostium. The natural
ostium of the maxillary sinus cannot be visual-
ized unless the uncinate process is removed as
the uncinate process acts as a lid covering the
maxillary sinus ostium. If an accessory ostium is
present, it is joined with the natural ostium of the
maxillary antrum.

The maxillary sinus ostium is widened, and
the antrum’s inflammatory tissue is cleared using

Fig. 7.17 Inflamed tissue filling the maxillary antrum is
removed with a microdebrider

Fig. 7.18 Maxillary antrostomy is further widened by
debriding the inflammed tissue

a microdebrider (Figs. 7.16, 7.17, and 7.18). A
wide antrostomy is created, and a widely opened
sinus can be visualized (Fig. 7.19).

The next step involves completing the unci-
nectomy. There are multiple ways an uncinate
process can be removed. A blunt dissector, a
sickle knife with its tip pointing medially, a
microdebrider or an upturned through cut for-
ceps can all be used. The goal is to remove the
thin bone and mucosa carefully while avoid-
ing any breach in the lamina papyracea.
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Fig. 7.19 A maxillary sinus is visible through a wide
ostium

Fig. 7.20 Residual uncinate in the superior part is
debrided to reach the frontal sinus

7.1.2 Frontal Sinus

Superior remnant of the uncinate process is
removed to approach the frontal sinus (Fig. 7.20).
Agger nasi is a vital landmark to reach the fron-
tal beak. The medial wall of the agger nasi is
marked by the uncinate process and the frontal
process of the maxilla (Fig. 7.21). Frontal beak
is identified, a 70-degree endoscope and a curved
suction are used to clear inflammatory tissue

Fig. 7.21 Agger nasi is an important landmark for the
frontal process; the area is palpated with a blunt suction
tip and cleared

Fig. 7.22 A 70-degree endoscope is used, and a curved
suction is placed into the frontal sinus

and mucopurulent discharge from the frontal
sinuses (Figs. 7.22,7.23,7.24, and 7.25). A clear
view of the huge frontal sinus is obtained
(Figs. 7.26 and 7.27).

7.1.3 Ethmoidectomy

By passing a ball pointer posterior to Bulla, it
is fractured anteriorly (Fig. 7.28). The thin
bony walls can be easily removed revealing
the intra cell septa (Figs. 7.29, 7.30, and 7.31).
Medial and lateral bony attachments of the
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Fig.7.23 The frontal beak has been drilled and a curved
suction is passed into the sinus

Fig.7.26 A good view of frontal sinus is obtained

Fig. 7.24 Mucopurulent discharge with inflamed tissue
can be seen prolapsing out of the frontal sinus

Fig.7.27 A wide and clear frontal sinus is seen

Fig. 7.25 Frontal sinus ostium starts coming in view
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Fig.7.28 Ethmoids are cleared next, and a ball pointer is Fig.7.30 Bony walls of the bulla are removed
passed posterior to the bulla

Fig.7.29 The bulla is fractured to enter into the anterior ~ Fig.7.31 The intracell partitions are visible
ethmoid cells
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Fig. 7.32 The remnants of the bulla walls (star) are
removed

Fig. 7.33 The intrabullar partition (black arrow), and
anterior ethmoidal artery (white arrow) are seen

bulla are removed (Fig. 7.32). The superior
thin bone is removed and the anterior eth-
moidal artery can be seen running in the base
of skull (Figs. 7.33 and 7.34). Posterior eth-
moid sinuses can be approached by palpating
and gently perforating the ground lamella
using a blunt dissector. Opening up of the pos-

Fig. 7.34 Close up view of anterior ethmoidal artery
(arrows)

Fig. 7.35 The natural opening of the sphenoid sinus
(arrow) is visible after removing the inferior part of the
superior turbinate (ST), MA; maxillary antrum

terior ethmoid exposes the anterior wall of the
sphenoid sinus.

7.1.4 Sphenoid Sinus

After a wide maxillary antrostomy and ethmoid-
ectomy, superior turbinate is identified
(Fig. 7.35). The lower half of the superior turbi-
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Fig.7.36 Tissue around the sphenoid ostium is debrided

Fig. 7.37 The sphenoid sinus opening is widened

nate is resected, and the sphenoid sinus’s natural
ostium comes in view [10] (Figs. 7.36 and 7.37).
If the sphenoid sinus ostium is not easily
located, it is important to stay below the maxil-
lary sinus’s roof to prevent injury to the skull
base. Draw an imaginary line from the superior
border of the maxillary sinus ostium to the sep-
tum. Sphenoid sinus ostium lies inferior to this
line. Once identified, the sphenoid sinus opening
is widened (Figs. 7.38 and 7.39) and any inflam-
matory tissue in the sphenoid sinuses is cleared.
Aggressive cases of ROCM may involve the bone
of the sphenoid sinus and can be easily detected
on MRI. For better results this bone must be
drilled, as discussed in the following chapters.

Fig. 7.38 A view of the lumen of the sphenoid sinus is
obtained

Fig. 7.39 Sphenoid sinus (SS), ethmoids, and maxillary
antrum (MA) are seen along with middle turbinate (MT)

7.2 Basic Procedures in Cases
with Limited Disease
7.2.1 Case 1:Involvement

of Turbinates and Sphenoid
Sinuses

The turbinates, maxillary sinus, and sphenoid
sinus were all affected in this example, however
the middle meatus was normal (Fig. 7.40). The
maxillary sinus was opened using backbiting
forceps; the opening was enlarged and cleared
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Fig. 7.40 Mucormycosis involving the turbinate and the
sphenoid sinus

Fig.7.41 Uncinectomy is in process

(Figs. 7.41,7.42, and 7.43). Basal lamella is per-
forated with the help of a suction dissector in the
inferomedial part (Figs. 7.44, 7.45, and 7.46).
The Sphenoid sinus is then exposed and was
found to be full of dirty yellow inspissated dis-
charge. It was widened and cleared (Figs. 7.47,
7.48, 7.49, and 7.50). Posterior ethmoids are
cleared.

N. Gupta et al.

Fig.7.42 Maxillary sinus is opened

Fig. 7.43 Mucopurulent discharge is cleared from the
maxillary sinus

7.2.2 Case 2: Middle Meatus
Involvement

Middle turbinate, uncinate process, ethmoids,
and maxillary antrum are implicated in this case
(Fig.7.51). Some material is obtained for biopsy
before debridement (Figs. 7.52 and 7.53). The
maxillary antrum is cleared using suction.
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Fig. 7.44 Ground lamella is perforated at the inferome-
dial end

Fig. 7.45 Posterior ethmoid and sphenoid sinuses are
opened

Diseased tissue is removed from the maxillary
antrum and anterior ethmoids (Figs. 7.54 and
7.55). Sphenoid sinus was free of disease, and a
large clear maxillary antrum can also be seen
(Fig. 7.56). This chapter is for all specialties,
including cross-specialty surgeons, who want to
learn the fundamentals of endoscopic sinus sur-

Fig. 7.47 Fungus and discharge can be seen filling the
sphenoid sinus

gery. As a result they will be able to handle
cases of limited disease on their own. It will also
assist with preoperative endoscopic disease
assessment and postoperative follow-up. Basic
steps will also benefit those who want to take it
a step further and perform advanced endoscopic
procedures.
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Fig. 7.48 Mucopurulent discharge is cleared from the Fig.7.50 Mucosal tags around the sphenoid sinus ostium
sphenoid sinus are debrided

Fig. 7.49 A wide-open sphenoid can be seen

Fig. 7.51 Mucormycosis involving the middle meatus
including the turbinate
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Fig.7.52 A curette is used to obtain a sample for testing  Fig.7.54 A curved suction is used to clear the disease

) . Fig. 7.55 Mucopurulent discharge and inflamed tissue
Fig.7.53 Uncinectomy is done are cleared
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Fig. 7.56 A large maxillary antrum and a disease-free
sphenoid sinus is done
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Surgical Management

of Rhino-Orbito-Cerebral
Mucormycosis (ROCM); Approach
to Pterygopalatine Fossa,
Pterygoid Process, Infratemporal
Fossa, and Orbit

Nishi Gupta

Surgical management of Rhino-Orbito-Cerebral
Mucormycosis (ROCM) is often challenging.
Most otorhinolaryngologists are well versed in
endoscopic sinus surgery procedures and can
use the same approach for advanced debride-
ment as needed using a multidisciplinary
approach the preceding chapter, on Surgical
Management of Rhino Orbito Cerebral
Mucormycosis; Basic Endoscopic  Sinus
Surgery Procedures, provides a summary and
graphic demonstration of the essential proce-
dures for the other specialties.

However, rather than the technology, it is the
decision making in ROCM that needs attention.

This chapter examines locations that are often
overlooked but contain hidden diseases and
hence must be addressed during surgical care of
ROCM. The pterygopalatine fossa is one such
region that serves as a conduit for the infection to
reach the orbit. It also acts as a disease reservoir,
and is thus one of major reasons of recurrent/
residual mucor in ROCM.

Orbital spread of disease through lamina pap-
yracea was uncommon in our series, and
another route was found to be responsible for the
disease's orbital transmission. In most of ROCM
cases the lamina papyracea was found to be
intact, as previously reported [1]. It was noted
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that the disease does not always follow the typi-
cal route of spread from nose and sinuses to orbit
and intracranial structures. In the chapter on
debates in ROCM; classification dilemma, it is
described in further detail [2-6].

Improved outcomes can be obtained by plan-
ning the first debridement as the most aggressive
one based on the disease mapping on CT and
MRI. Learnings from detailed analysis during
revision debridement helped us refine the strat-
egy of dealing with ROCM cases, and that is how
some of the best practises emerged.

8.1 Pterygopalatine Fossa

The pathway of extension from the nasal cavity
to the orbit and intracranial cavity has
already been described [7—14]. The pterygopala-
tine fossa (PPF) is the principal reservoir for
mucor that serves as a conduit for the infection
to move to other sites [1]. The PPF is bounded
anteriorly by the posterior wall of the maxillary
sinus, posteriorly by pterygoid processes and
medially by the perpendicular plate of palatine
bone (Fig. 8.1). The infraorbital fissure(IOF) con-
nects PPF to the retrobulbar space while the pter-
ygomaxillary fissure (PMF) connects it to the
infratemporal fossa (Figs. 8.1, 8.2, 8.3, and 8.4).
The spread of disease may occur across all these
boundaries of PPF [1].
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Fig. 8.1 A Skull photograph depicting the boundaries of

pterygopalatine fossa

Fig. 8.2 A skull photograph depicting an infraorbital fis-
sure (IOF) connecting pterygopalatine fossa (PPF) to the
orbit. (PMF; Pterygomaxillary fissure)

The mucor can extend from the PPF to the
infratemporal fossa via the pterygomaxillary fis-

B FUNGUS
PPE

Fig. 8.3 The infraorbital fissure (IOF) connects the PPF
to the retrobulbar space. Disease (purple) can be seen
occupying the PPF

Fig. 8.4 The infraorbital fissure (IOF), pink connects the
PPF, green to retrobulbar region while the pterygomaxil-
lary fissure (PMF), white connects it to the infratemporal
fossa (ITF), blue

sure [1, 15] (Figs. 8.4 and 8.5). Orbital involve-
ment can occur due to the spread of disease from
PPF to orbit through IOF (Figs. 8.3, 8.4, and 8.5).
The condition may affect superior orbital fissure,
orbital apex, cavernous sinus, and intracranial
structures through the orbit (Figs. 8.6 and 8.7).
Direct spread of disease through lamina papyracea
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Fig. 8.5 The anterior wall of the maxilla is removed,
revealing the pterygopalatine fossa, seen through it
(green) with the spread channel (purple)

Fig. 8.6 Disease can be seen in both the inferior
and superior orbital fissure (purple). The disease
can spread to the orbital apex, cavernous sinus, and intra-
cranial structures via the superior orbital fissure (SOF).
ON; Optic nerve

to the orbit is rare [1]. Similarly, the posterior wall
of the maxillary antrum is often intact with no
defect for the disease manifestation into PPF. The
involvement of PPF may occur along the spheno-
palatine foramen [1]. PPF involvement is indicated
by orbital invasion, swelling, and numbness over
the face, facial palsy, and palate erosion.

New symptoms of face swelling, numbness,
dental pain, and exacerbated ocular symp-
toms were found in revision cases in our practise.
These new symptoms appear due to the thrombo-
sis of the sphenopalatine vessels in the pterygo-

Fig. 8.7 Spread of disease (purple) to the intracranial
structures may occur through the cribriform plate and the
superior orbital fissure

palatine fossa with or without the involvement of
anterior ethmoid vessels in the orbit [1]. All these
patients were found to be to have extensive dis-
ease in the pterygopalatine fossa.

8.1.1 Steps of Surgery for PPF

Denker’s modified medial maxillectomy is the
first most important surgical procedure to
approach PPF. Alfred Denker originally described
the anteromedial maxillectomy in 1906. It was
further modified into the endonasal technique by
Sturmann and Canfield to evolve into the current
endoscopic technique [16-19].

Steps

e The surgery is carried out using 4 mm,
0-degree endoscopes connected to a high-
definition camera and monitor unit (Karl Storz
Endoscopy, Tuttlingen, Germany)

e A perfect access into the maxilla entails drill-
ing a window into the anterolateral wall of the
maxilla. A 15° curved burr on a microdebrider
handle or an MR-8 Stylus drill (Medtronic
Inc. USA) can be used for drilling as can a
coarse diamond burr on a microdebrider han-
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dle (4.0 mm; 1,884,004; Medtronic Inc.,
USA).

* The nose is examined, and the edge of the piri-
form aperture is palpated. The area anterior to
the intersection of the inferior turbinate head
with the lateral wall serves as a landmark for
locating the pyriform aperture (Fig. 8.8).

e The mucosa across the lateral nasal wall is
coblated as the initial step after identification
(Fig. 8.9). Though little bleeding is expected

Fig. 8.8 The area anterior to the intersection of the head
of the inferior turbinate with the lateral wall serves as a
landmark for locating the pyriform aperture (white dotted
line)

Fig. 8.9 Mucosal coblation over the lateral nasal wall

in mucor cases, bleeding may occur in situa-
tions where intervening areas are disease free,
lengthening the surgical time.

The inferior turbinate is excised with scissors,
or ablated with a coblator if it bleeds owing to
non-involvement (Figs. 8.10, 8.11, and 8.12).
After the inferior turbinate is removed the
pyriform aperture comes in view. The piriform
aperture is palpated with the dissector
(Fig. 8.13, arrow), and a sharp incision is
made (Figs. 8.14 and 8.15). After the cobla-
tion, the incision can be given with the perios-

Fig.8.10 Scissors are used in conjunction with the infe-
rior turbinate's lateral attachment

Fig. 8.11 Incision over the junction of inferior turbinate
with the lateral wall



8 Surgical Management of Rhino-Orbito-Cerebral Mucormycosis (ROCM); Approach to Pterygopalatine... 99

Fig.8.12 Removal of inferior turbinate using scissors

Fig. 8.14 A blunt dissector is used to lift up the muco-
periosteal flaps

Fig. 8.13 Pyriform aperture is identified and palpated
with the blunt dissector (arrow)

teal elevator. The mucosa is split vertically,
and the mucoperiosteal flaps are lifted
(Fig. 8.16).

Subperiosteal dissection of the pyriform aper-
ture continues till the anterior wall of the max-
illa is reached. Both the anterosuperior alveolar
nerve and the infraorbital nerves are preserved
by lifting the flap (Figs. 8.17 and 8.18). The
anterior superior alveolar nerve is a branch of
the infraorbital nerve, which is a branch of the
maxillary nerve (V,). The anterior superior

Fig. 8.15 The lateral flap is lifted using a coblator to
achieve excellent haemostasis

alveolar nerve arises from the infraorbital
nerve within the infraorbital canal before the
infraorbital nerve exits through the infraorbital
foramen [16]. It is important to stay on the
bone while dissecting as entry into soft tissue
anterior to the pyriform border may cause
injury to the alar cartilage. The lateral limit of
exposure depends on the severity of disease.

The anterolateral wall of the maxilla is drilled
to create a window in the anterior wall of the
maxilla inferior to the infraorbital foramen
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Fig. 8.16 The coblator is used to lift mucoperiosteal
flaps on the medial side

Fig.8.17 The flap is lifted, preserving both the anterosu-
perior alveolar nerve and the infraorbital nerves

(Figs. 8.19 and 8.20). This landmark pro-
tects the infraorbital and anterosuperior alveo-
lar nerves from injury as well as preventing
entry into the orbit.

e Drilling the anterolateral wall allowed exami-
nation of the diseased tissue filled maxillary
sinus in this case (Fig. 8.21). Drilling a win-
dow also aids in preservation of the orbital
floor and allows us to easily access the poste-
rior wall of the maxilla along the orbital floor.
Anterior border of the thin bone of the pyri-

Fig. 8.18 Infraorbital nerve can be taken as the lateral
limit of the flap elevation unless the dissection needs to be
done more laterally based on the extent of disease

Fig. 8.19 Anterolateral wall of the maxilla is identified
for drilling

form border can be removed using Luc’s
forceps, carefully preserving the nasolacrimal
duct (NLD) that looks inflamed in this case
(Figs. 8.22 and 8.23).

e To prevent NLD from hanging into the nasal
cavity the bone covering the proximal end of
NLD is drilled, and the NLD is incised
flush with the orbital floor. The incision is
given obliquely to create a broader lumen that
helps in preventing epiphora (Figs. 8.24 and
8.25).
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Fig. 8.20 Anterolateral wall of the maxilla is drilled to
create a window in the anterior wall of the maxilla inferior
to the infraorbital foramen

Fig.8.21 Drilling the anterolateral wall allows examina-
tion of the maxillary sinus

* The maxillary sinus is cleared of the necrotic
material and infected secretions. The inferior
ledge of the bone is drilled flush with the nasal
cavity’s floor (Fig. 8.26).

e Sphenopalatine artery exit is evaluated
(Fig. 8.27), and the bone of the anterior wall
of the sphenopalatine  foramen is
removed with Kerrison’s rongeur to expose
the pterygopalatine fossa. Bone removal is
continued inferiorly and laterally up to the
inferior orbital fissure. After the disease is

Fig. 8.22 Maxillary sinuses can be seen filled with fun-
gal mass

Fig. 8.23 Inflamed nasolacrimal duct is seen along with
the disease in the maxillary antrum

cleared completely, the posterior wall of the
maxilla is palpated.

The posterior wall looks intact but once
removed, the pterygopalatine fossa is found to
be involved with the disease (Fig. 8.28). The
maxillary artery is located and exposed, and
Karl Storz Liga clips are applied over
the artery’s most lateral part (Fig. 8.29).
Pterygopalatine fossa is examined, and any
unhealthy tissue is removed.
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Fig.8.26 A clear view of the posterior wall of the maxil-
lary sinus is obtained

Fig. 8.25 Incised end of NLD is seen

It is important to remember that even a minor
infection in the form of blackish discolouration
of nasal mucosa does not always suggest the
inoculation of disease at this site; it could be the
result of vascular necrosis. These limited signs
in the nasal cavity and sinuses may be the only
evidence of isolated involvement of the pterygo-
palatine fossa [1]. Limited resection in this situa-

Fig. 8.27 Tissue around the sphenopalatine foramen is
debrided and coagulated to facilitate removal of the poste-
rior bony wall

tion, will result in progression of residual disease,
highlighting the importance of PPF debridement
particularly, in cases involving the orbit.

Pterygopalatine fossa debridement must be
performed in ROCM to limit the risk of residual/
recurrent mucor and to prevent the spread of dis-
ease to orbit.
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Fig. 8.29 Maxillary artery is identified, and Ligur clips
are applied (Fig courtesy Dr. Satish Jain)

8.2  Approach to Pterygoid
Process and Infratemporal

Fossa

The infratemporal fossa is located behind the
posterior wall of the maxilla, below the middle
cranial fossa floor, medial to the ramus of the
mandible. Its roof is formed by the infratemporal
surface of the greater wing of the sphenoid, and
its medial wall is formed of the lateral pterygoid
plate. Temporalis muscle forms its lateral bound-

Fig. 8.30 Sphenoid sinus ostium is widened (Fig cour-
tesy Dr. Satish Jain)

ary. Medially, the infratemporal fossa communi-
cates with the pterygopalatine fossa via the
pterygomaxillary fissure [20-24].

The landmarks for identifying the infratempo-
ral fossa are the infraorbital nerve at a point
where it arises from the maxillary nerve near the
foramen rotundum, before entering the infraor-
bital canal. This part of the infraorbital nerve
defines the border between the infratemporal
fossa and pterygopalatine fossa [8].

Infratemporal fossa can be exposed by removing
the posterior wall of the maxilla from its floor till
the roof. The sphenoid sinus ostium is widened lat-
erally, and the lateral recess of the sphenoid sinus is
opened [7] (Fig. 8.30). The internal maxillary artery
is divided, and the pterygoid process is exposed to
gain entry into the infratemporal fossa. The ptery-
goid process is drilled (Fig. 8.31), the marrow bone
of the pterygoid is exposed, and the necrotic tissue
is debrided [20]. The infratemporal fossa can be
accessed to remove the necrotic tissue (Fig. 8.32).
Pterygoid drilling is discussed in more detail in
the subsequent chapter on drilling beyond sinuses,
where drilling of the sphenoid and bony canal of the
maxillary (V2) nerve have also been described.

If the disease has spread to the infratemporal
fossa, more lateral dissection is needed to expose
the bone that forms the floor of the middle cranial
fossa, which is the superior boundary of the
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infratemporal fossa. The lateral limit is reached
when the vertically-oriented temporalis muscle
can be visualized in a vertical plane [21].

It is important to preserve the area showing
enhancement and only debride the necrotic part.
The infratemporal fossa contains important struc-
tures like the pterygoid muscles, the mandibular
nerve (V3), the internal maxillary artery, the
carotid sheath, internal jugular vein, and cranial
nerves [8—11].

Removal of too much tissue from the infra-
temporal fossa will lead to significant morbidity.

Fig. 8.31 Dirilling of the pterygoid process (Fig courtesy
Dr. Satish Jain)

Fig. 8.32 Exposure of the infratemporal fossa (Fig cour-
tesy Dr. Satish Jain)

Therefore, the area showing enhancement is
treated with intravenous amphotericin B.

8.3  Orbital Clearance

A modified medial maxillectomy and debride-
ment of the pterygopalatine fossa is a prerequi-
site for orbital clearance. The next step
is a complete ethmoidectomy, opening
and enlarging the sphenoid sinus ostium to obtain
better exposure.

The first step in orbital clearance is to remove
the lamina papyracea and expose the periorbita
(Figs. 8.33 and 8.34). In cases of extensive dis-
ease, fat can be seen prolapsing as soon as the
lamina papyracea is removed (Fig. 8.35). The
orbit may even appear soft with thinned out peri-
orbita, making it easy to debride the necrotic tis-
sue as detailed in the chapter on transnasal
endoscopic globe sparing orbital exenteration. In
cases where the periorbita is thick, an incision is
given over it to evaluate the orbital content.
However, this step is performed only if there is
evidence of orbital infiltration on MRI.

The periorbital incision is gradually deep-
ened to allow fat to prolapse into the nasal
cavity. The fat is subsequently teased and the
periorbita is removed as well. The diseased fat
is debrided while the muscle is not

Fig.8.33 A good view of the orbit is obtained by doing a
median maxillectomy and sphenoid sinus widening
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Fig. 8.34 Lamina
pointer

papyracea is removed using ball

Fig. 8.35 The orbital fat is allowed to prolapse into the
field

(Figs. 8.35, 8.36, 8.37, 8.38, and 8.39). The
muscles are usually last to get involved, so they
are not disturbed. An Onodi cell condition is
present in optic nerve. When substantial dis-
ease is present in the sphenoid sinus and orbit,
the removal of the disease reveals a bare optic
nerve (Fig. 8.40), which is followed by an
excellent postoperative cosmetic appearance of
the eye (Fig. 8.41).

Performing a modified Denker’s maxillec-
tomy is a useful procedure for gaining access

Fig.8.36 The fat is teased gently to identify the diseased
area

Fig. 8.37 Exposure is improved by removing any rem-
nant of periorbita

to the maxillary sinus and its adjacent loca-
tions. The PPF is a major reservoir for mucor
and serves as a conduit for the infection to
travel to other parts. In our experience in most
of the revision cases, the pterygopalatine fossa
was left unopened during a previous surgery.
Debriding the disease from PPF helped in
achieving better outcomes. Although disease in
the PPF can be detected with the use of numer-
ous MRI sequences, imaging or clinical evalu-
ation may fail to detect disease in PPF at times.
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Fig. 8.39 Medial rectus muscle is identified

There are, however, some clear indicatiors that

PPF should be opened

1. Facial pain and numbness.

2. Any ocular symptom such as ptosis, propto-
sis, ophthalmoplegia, diplopia, and partial
loss of vision, etc.

3. Intracranial involvement regardless of
the spread path.

4. Massive disease involving the cheek.

5. During orbital exenteration as an adjuvant

(endoscopic or external).

Fig. 8.40 Optic nerve (ON) is seen in the sphenoid
sinus (SS)

Fig.8.41 Postoperative clinical photograph of the patient
after endoscopic orbital debridement

Advantages of Denker’s medial maxillectomy

e It is required to reach the PPF fossa, and in
extensive disease, infratemporal fossa can be
cleared as well.

 [talsoallows for more access which makes clear-
ing of orbital or intracranial disease easier.

e It was thus the mainstay of mucor manage-
ment in most of the cases during mucor
endemic in India. Most of the patients pre-
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sented with aggressive disease and orbital
manifestation were the first sign in 60% of our
cases. Therefore, it became mandatory to per-
form Denkers in all these cases.

Only those instances on multiple MRI
sequences that showed no signs of dissemina-
tion beyond sinuses were excluded. However,
due to the disease’s aggressive nature during
the second wave of the Covid pandemic in
India such cases were extremely rare.
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Surgical Management

of Rhino-Orbito-Cerebral
Mucormycosis; Drilling Beyond
Sinuses in Rhino-Orbito-Cerebral

Mucormycosis

Satish Jain and Nishi Gupta

Meticulous debridement and thorough cleaning
of the involved area are essential in managing
rhino-orbito-cerebral mucormycosis (ROCM).
Because there is no penetration of drugs in the
bone and necrotic tissue; therefore, all this dead
tissue must be debrided. After seeing every type
of ROCM and close follow-up of cases, we have
been able to refine our technique in a way that is
sure to enhance survival in ROCM cases. During
the Indian mucormycosis outbreak, the front line
teams did an excellent job of addressing the criti-
cal areas of in ROCM.

Various aspects of surgical management in
ROCM have been described as separate chapters,
including basic endoscopic sinus surgery proce-
dures, approach to the pterygopalatine fossa,
pterygoid process, infratemporal fossa, orbit,
globe sparing orbital exenteration and cranioce-
rebral mucormycosis.

However, there are some preferential areas
involved in ROCM, like the pterygoid process,
greater wing of the sphenoid, floor of the sphe-
noid sinus and clivus. During endoscopic
debridement of sinuses, sometimes the sphenoid
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sinus lumen looks healthy after the disease is
cleared, but the sphenoid floor might be involved.
A preoperative MRI scan of this area may be ben-
eficial, and if it is implicated it must be drilled.
Drilling in these places is dangerous due to the
vital structures in the vicinity. However, a good
knowledge of anatomy helps in the thorough
debridement of these areas.

The steps and necessity of cleaning
the Pterygoid bone, Sphenoid Bone, Clivus, the
frontal sinus, and the ethmoidal roof are high-
lighted in this chapter.

9.1 Pterygoid Bone

Since the pterygopalatine fossa (PPF) acts as the
reservoir of disease [1], Denkers modified median
maxillectomy is done in all cases except those
with limited disease [2, 3]. It helps in clearing the
PPF and infratemporal fossa and provides a bet-
ter view of the orbit.

The authors found a significantly higher possi-
bility of residual/recurrent disease where the pter-
ygoid wedge acted as a hidden area and was not
addressed in the first surgery. Mucormycosis simil-
lar to juvenile nasopharyngeal angiofibroma infil-
trates the Haversian canal of pterygoid bone. As a
result pterygoid wedge drilling reduces the risk of
residual disease [4, 5].
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Drilling the pterygoid, on the other hand,
necessitates a high level of competence as well
as a thorough understanding of anatomy. This
chapter depics the many steps needed in the
clearing pterygoid bone and drilling beyond the
pterygoids using illustrations.

Steps

e After Denker’s medial maxillectomy, a com-
plete sphenoethmoidectomy, and orbital clear-
ance, the posterior wall of the maxilla and the

Fig. 9.1 Endoscopic view of the left nasal cavity
after Denker’s median maxillectomy and pterygoid
process (PP) clearing

Fig. 9.2 A clear view of foramen rotundum with V2 lat-
erally and Vidian at sphenoid’s floor as well as pterygo-
palatine fossa (PPF), ITF; Infratemporal fossa

pterygoid process are evaluated, and
the weak bone is removed with Luc’s forceps
(Figs. 9.1 and 9.2).

After drilling the the pterygoid wedge and
clearance of PPF, a clear view of structures
such as Maxillary nerve (V2) and Vidian nerve
can be seen (Fig. 9.3).

The bone around V2 and Vidian nerve appears
to be diseased and weak and it can be easily
removed with forceps (Fig. 9.4). Because
bone removal exposes the underlying disease;

Fig.9.3 A close-up of V2, the Vidian nerve reveals the dis-
eased bone that surrounds it

Fig.9.4 Luc’s forceps were used to remove the osteomy-
elitic bone from around foramen rotundum
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more bone is removed (Fig. 9.5). Deep skull
infiltration with mucormycosis can be seen
(Fig. 9.6).

e The infected area is suctioned clean and
heavy strands of discharge are removed
(Fig. 9.7).

9.2 Sphenoid Bone

The bone that surround the Vidian canal is
removed (Fig. 9.8). The steps of clearing

Fig.9.5
evident

After removing bone the hidden disease becomes

sphenoid bone are demonstrated in (Figs. 9.9,
9.10, 9.11, 9.12, 9.13, 9.14, 9.15, and 9.16).
Drilling takes place around the Vidian nerve
(Figs. 9.17 and 9.18). The Vidian nerve serves
as an important landmark for the carotid
artery (CA) (Fig. 9.19). The carotid artery is
safe as long as the drilling is done below the
Vidian nerve.

The next step is the removal of the thin bone
from the face of the sphenoid to get a head-on
view of the sphenoid sinus. This bone removal is
done using a chisel and hammer, and the sphe-
noid sinus is cleared (Figs. 9.20 and 9.21).

Fig. 9.7 Mucoid secretions strands with the necrotic
material over the greater wing of the sphenoid

Fig. 9.6 The sphenoid bone has been infiltrated

Fig. 9.8 Luc’s forceps are used to remove more bone
around Vidian nerve
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Fig. 9.9 Greater wing of sphenoid infiltrated with the
disease

Fig.9.10 Infiltration of deep skull base

9.3  Clivus Drilling

The clivus drilling starts from the inferior
aspect of the sphenoid sinuses. The bone along
the floor of the sphenoid sinus is removed
using forceps (Figs. 9.22, 9.23, 9.24, and
9.25).

A clear view of the lumen of the sphenoid
sinus is obtained with sella turcica, clival
recess and orbit in view (Fig. 9.25).

A coblator is used to elevate the nasopha-
ryngeal periosteum, and the eustachian tube

Fig. 9.11 The sphenoid sinus lumen is clean while
the greater wing of the sphenoid is infiltrated

Fig.9.12 Clearing the disease from the sphenoid bone

area is also coagulated (Figs. 9.26 and
9.27).

Clivus drilling begins after a decent expo-
sure (Fig. 9.28). Clivus handling creates a
lot of bleeding in normal circumstances,
making it difficult to work in the clival
region. In mucor indued osteomyelitis there
is no bleeding during the drilling of clivus
due to the loss of blood supply (Figs. 9.29,
9.30, 9.31, and 9.32). The bone is porous,
blackish and fragile. Drilling is carried out
untill healthy bone is seen.
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Fig. 9.13 Drilling the bone over the greater wing of the

sphenoid Fig. 9.15 Dirilling continues untill the bone is no

longer unhealthy

Fig.9.14 Drilling reveals a necrotic bone Fig. 9.16 Healthy bone start appearing after drilling the
damaged bone

9.4  Frontal Sinus (Figs. 9.33,9.34,
and 9.35)

This chapter focuses on the locations that may
have hidden disease. These are tough to access and
demand a high level of expertise. The procedure
for clearing these regions via endoscopic means is
discussed. This will aid readers in not only focus-
ing on these regions on preoperative imaging, but
also in performing an effective surgical clearance.
Debridement with care yields great results.

Although the frontal sinus is not often involved in
ROCM, it must be debrided if it is. In this case,
disease from the adjacent cribriform area was also
cleaned. Careful identification and debridement of
the affected areas led to better outcomes.
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Fig. 9.17 Drilling around the Vidian is done to thin out Fig.9.19 Underneath the thinned-out bone, a glimpse of
the affected bone even more the carotid can be seen

Fig. 9.20 Removal of the thin bone covering the face of

Fig.9.18 The healthy plate of bone begins to appear the sphenoid sinus using a chisel and hammer
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Fig. 9.23 Bone is removed from the sphenoid sinus’s

Fig.9.21 The sphenoid sinus, as well as the septum next foor

to it, is infected

Fig. 9.22 Clearance of the disease from Sphenoid sinus ~ Fig.9.24 The sphenoid sinus is clearly visible
disease with a clear view of sinus’s lumen
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Fig. 9.25 A close-up of the anatomy including the sphe- Fig.9.27 The periosteum of the nasopharynx is lifted

noid sinus (SS), sella turcica, clival recess and
nasopharynx

Fig. 9.26 The nasopharyngeal periosteal flap is lifted Fig. 9.28 Dirilling of unhealthy Clivus bone to clear the
with a coblator. SS stands for Sphenoid sinus disease
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Fig.9.29 The Clivus bone is periodically examined and Fig.9.31 In the clival region an unhealthy porous bone is
is found to be necrotic with minimal bleeding during drill- oo with a blackish discolouration

ing, unlike in other skull base procedures

Fig. 9.30 Drilling is continued in clival area untill

healthy bone is found
Fig. 9.32 This unhealthy porous blackish clivus bone is

further drilled
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Fig.9.33 The ethmoid roof has been free of disease with

frontal sinuses of both sides in view. FS; Frontal sinus

Fig. 9.34 The area around the Cribriform plate (CP) is
free of disease

Fig. 9.35 The frontal sinuses on both sides are opened
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Globe Sparing Transnasal
Endoscopic Orbital Exenteration

10

in Rhino-Orbito-Cerebral

Mucormycosis

Satish Jain and Nishi Gupta

Catalano et al. coined the phrase globe sparing
orbital exenteration [1]. They performed globe
sparing orbital exenteration in malignant tumours
of the sinuses, infratemporal fossa, orbital
adnexa, cavernous sinus, and clival area that
involved the posterior part of the orbit. Malignant
tumours of the lacrimal gland, eyelids, conjunc-
tiva, and medial or lateral canthal areas were
all excluded. They also ruled out tumours that
had come in contact with the Tenon’s capsule [1].

Orbital exenteration is defined as the removal
of the entire contents of the orbit, including the
periorbita, appendages and eyelids with or with-
out the surrounding skin [2]. Total orbital exen-
teration involving the globe, periorbita, and
retrobulbar structures has long been the surgical
standard of care for rhino-orbital-cerebral mucor-
mycosis (ROCM) [3]. From time to time differ-
ent authors have proposed various modifications
in the extent of resection during orbital exentera-
tion [4, 5]. Orbital exenteration is cosmetically
disfiguring and causes functional, aesthetic, and
psychological consequences.

Some studies have shown that orbital exenter-
ation may not be required in all cases of rhino-
orbio-cerebral mucormycosis but there is no clear
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consensus whether orbital preservation is safe
[6-11].

During the Covid pandemic, a novel method
of globe sparing orbital exenteration was devel-
oped for the treatment of orbital mucormycosis.
The damaged orbital tissue was debrided using a
transnasal endoscopic method, avoiding the loss
of globe and the optic nerve.

This chapter describes the surgical steps
of endoscopic globe sparing orbital exenteration
approach for controlling the orbital portion of
rhino-orbito-cerebral mucormycosis (ROCM).
Depending on the severity of the disease, it entails
radical endoscopic debridement of the orbital
content. Globe sparing orbital exenteration is
a novel approach that has shown encouraging
results. The method gained popularity when an
extended series of globe preserving orbital exen-
terations were performed during a mucormycosis
outbreak in India.

The initial few cases admitted for this proce-
dure had extensive orbital disease with signs of
total ophthalmoplegia and vision loss. The ante-
rior contents of the orbit, including eyelids, con-
junctiva, cornea, and lens, were all intact in
these cases. An aggressive transnasal endo-
scopic orbital clearance of all the retroorbital
diseased tissue was performed, sparing the
globe, optic nerve, and the conjunctiva. The cos-
metic appearance of the eye was preserved due
to the rich blood supply and collaterals in the
anterior part.
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Encouraged by the outcomes, we began doing
endoscopic orbital debridement in all cases of
orbital mucormycosis, including those with lim-
ited disease and normal vision. Postoperatively
good mucosalization of the orbital cavity took
place, and surgeons were able to retain the
ashtetic look of the eye in the majority of the
patients. Those with the advanced disease showed
changes in the shape and occasional fistula which
were treated subsequently. Patients, on the other
hand, preferred this preserved globe over com-
plete exenteration.

10.1 Blood Supply

Orbit gets its vascular supply from the ophthal-
mic artery (a branch of internal carotid artery)
and vein, central retinal artery (the first branch
from an ophthalmic artery) and vein, facial artery
and vein and anterior and posterior ethmoidal
vessels, supratrochlear artery, medial palpebral
arteries, and supraorbital arteries. Vessels make
extensive collateral around the anterior part of
the orbit including eyelids, conjunctiva, cornea,
medial and lateral canthal tendon, and Tenon’s
capsule [1].

This arterial and venous arcade via branches
of the external carotid and jugular venous sys-
tems, respectively, keeps the globe vascularized
after the globe sparing extensive retrobulbar radi-
cal debridement [1]. The viability of the anterior
structures is unaffected by any interruption of the
blood supply of the posterior content.

10.2 Indications of Globe Sparing

Orbital Exenteration

e All cases of limited or extensive orbital dis-
ease with the intact anterior part of the eye
including cornea, conjunctiva, lids, etc., are
good candidates for globe sparing orbital
exenteration.

10.3 Contraindications of Globe
Sparing Orbital Exenteration

e It is contraindicated in the disease invading
the globe, medial and lateral canthal tendon,
conjunctiva, or Tenon’s capsule.

* Extensive disease involving the skin of the
eyelids and cheek.

e Involvement of palate with massive orbital
disease involving anterior orbital contents.

10.4 Role of MRl in Decision
Making

Multiple sequences of MRI, including T2W,
T2W fat-suppressed, TIW, and TIW with con-
trast, should be done in all cases. In cases of
impending vision loss or the presence of bilat-
eral disease on preoperative MRI, diffusion-
weighted MRI and MR angiography should also
be done. Various sequences are ordered and stud-
ied in collaboration with the radiologist for the
disease mapping. Diffusion-weighted MRI and
MRI angiography help in prognostication and
counselling of the patient. From a medicolegal
point of view, it is essential that the patient is
made well aware of all these complications
before any intervention. Surgeons must obtain
written informed consent from the patient about
the possibility of postoperative vision loss due to
impending damage based on the presence of
thrombus in the optic nerve on DW MRI. The
decision regarding the extent of debridement is
based on the detailed mapping of the disease on
MRI. Various sequences of MRI are put together
to differentiate between inflammation, secre-
tions, and the disease. Anything that enhances on
fat-suppressed MRI is the disease, while
enhancement on a routine MRI is normal. In
contrast-enhanced MRI, the diseased portion
will not be enhanced. An excellent intraoperative
correlation of MRI findings results in adequate
disease clearance.
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Case 1
MRI
Figure 10.1 shows a comparison of 3 MRI
sequences to evaluate the extent of orbital dis-
ease. The first image is fat-suppressed
(Fig. 10.1a), the second is non-fat suppressed
(Fig. 10.1b), and the third is contrast-enhanced
(Fig. 10.1c). In the first fat-suppressed image,
disease in the maxillary antrum is hyperin-
tense, and the enhancing areas in the orbit rep-
resent disease (Fig. 10.la). In the second
image, the inflammation is seen with high
intensity in the maxilla, ethmoid, and orbit. As
the fat is suppressed, it is easy to map the dis-
ease in orbit (Fig. 10.1b). In the third contrast-
enhanced image, there is no enhancement in
the maxillary ethmoid and orbital areas, con-
firming the presence of disease (Fig. 10.1c).
Steps of Surgery
1. Thefirststepis modified Denkers approach
(as described in the chapter on Surgical
management of Rhino-Orbito-Cerebral
Mucormycosis (ROCM); approach to
Pterygopalatine fossa, Pterygoid process,
Infratemporal fossa, and orbit) followed
by the ethmoidal and sphenoid sinus

clearance to achieve a complete exposure
before entering orbit. In endoscopic
orbital debridement, decompression, or
globe sparing orbital exenteration, the
orbit is always entered from the medial
side.

2. The lamina papyracea may be intact or
may have a preexisting breach in cases of
extensive disease. The lamina is removed
to expose the periorbita, and all the thin
bony chips covering the periorbita are
removed (Fig. 10.2). Periorbita is incised
and, the extent of the disease is examined.

3. Once inside the orbit, it is better to shift to
a 70-degree endoscope and a Medtronic
microdebrider Rad 60 blade (Medtronic
Xomed Inc). The unhealthy orbital fat can
be differentiated from the normal fat as the
unhealthy fat is flaky and looks dirty.
(Figs. 10.3 and 10.4). The orbit is retracted
laterally by the assistant while the diseased
portion is debrided. After the debridement
is complete, a clear view of the entry site
into the orbit is obtained (Fig. 10.5). At the
end of the procedure, no necrotic area was
seen inside the orbit (Fig. 10.6).

Fig. 10.1 Case | demonstrating a comparison of 3 MRI
sequences in a case of orbital involvement in ROCM. (a)
Fat-suppressed T2W image showing hyperintense areas in
right maxillary antrum with enhancing areas in right orbit
indicating limited disease. (b) Non-fat suppressed T2W

image showing inflammation as high intensity in the right
maxilla, ethmoid, and orbit. (¢) On the contrast-enhanced
image, there is loss of enhancement in the maxillary eth-
moid and orbital areas, confirming the presence of
disease
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Fig. 10.2 Endoscopic view of the right nasal cavity Fig. 10.4 Healthy orbital fat is seen after removing the
showing removal of lamina papyracea to expose the right  diseased part from right orbit
periorbita

Fig. 10.5 To remove the disease from the inferior part of
the orbit, the healthy fat is retracted up

Fig. 10.3 Diseased fat from the superior part of the orbit
is debrided

Fig.10.6 No necrotic area is seen inside the right orbit at
the end of the procedure



Case 2

MRI
Two sections of MRI can be seen in one

frame, a fat-suppressed T2W MRI scan show-

ing severe disease in the left orbit (Fig. 10.7a)
and a normal T2W image showing enhance-
ment in the left maxilla and with hypertrophy
of all the recti muscles (Fig. 10.7b). The left
eye has proptosis with the disease in the max-
illary antrum with peri-antral spread. There is
an invasion of the orbital floor and involve-
ment of bilateral turbinates and the left orbital

apex (Figs. 10.8 and 10.9).

On sagittal and coronal sections, exten-
sive disease in the left orbit can be seen,
involving the carotid artery and the cavern-
ous sinus. The sella is enhanced but, there is
a loss of contrast in the left cavernous sinus
and left carotid artery, unlike the right side.
On the right hand side, the carotid artery and
cavernous sinus show regular enhancement
(Fig. 10.10a, b). In the sagittal section, there
is disease encasing the left carotid artery,
extending to the cavernous sinus.

Steps of Surgery
1. The first four steps are the same as in case

1 (Figs. 10.11 and 10.12).

2. In case of extensive disease, a left modi-
fied Denker’s median maxillectomy is
done and, the orbital floor is examined. On
removal of the lamina, the orbital contents
start bulging into the nose (Fig. 10.13), and
the unhealthy fat can be easily identified
and debrided.

3. The unhealthy tissue looks dirty, friable,
and darker than the usual yellow fat and
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is debrided using a 60-degree blade on
a microdebrider (Figs. 10.14 and 10.15).

. The disease has eroded the orbital apex,

and all the structures, including the optic
nerve, carotid artery, foramen rotundum
with thrombosed maxillary nerve, and
Vidian nerve, are visible. The orbital
apex is approached by tracing the optic
nerve and is cleaned meticulously.
(Figs. 10.16 and 10.17a—c). The disease
from the superior orbital fissure area is
cleared (Figs. 10.18 and 10.19). Disease
lateral to the nerve is cleared by gently
retracting the optic nerve. (Figs. 10.20,
10.21, and 10.22).

. The optic nerve is pushed inferiorly, and

the diseased tissue in the retrobulbar area
of the orbit is cleared (Figs. 10.23, 10.24,
10.25, 10.26, and 10.27).

. The posterior neurovascular bundles come

into view with the surrounding healthy
area (Fig. 10.28). The globe is now reason-
ably mobile and is lifted gently to go lat-
eral to clear the disease.

. At the end of the procedure, the globe and

intact optic nerve can be seen (Figs. 10.29
and 10.30a, b).

. The intranasal endoscopic approach to

the orbit provides excellent visualization,
unlike external exenteration, where the
posterior fat dissection is blind.

. After the complete debridement of the

disease, the operated area is irrigated with
amphotericin B solution.

123



124 S.Jain and N. Gupta

Fig. 10.7 (a) Case 2, Fat-suppressed T2W MRI demonstrating extensive disease in the left orbit. (b) A standard T2W
image demonstrating enhancement in the left maxilla and hypertrophy of all recti muscles

. ) ) ) Fig. 10.9 There is an invasion of the orbital floor and
Fig. 10.8 The left eye has proptosis, and the disease is  the involvement of turbinates of both sides with the
seen in the maxillary antrum with peri-antral spread involvement of the orbital apex on the left
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Fig. 10.10 (a) Sagittal section demonstrating the left
carotid artery surrounded by the disease extending to the
cavernous sinus. (b) The extensive disease is seen in the
left orbit, involving the carotid artery and cavernous sinus
in coronal sections. Sella can be seen enhancing in the
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Fig. 10.11 Complete Denker’s modified medial maxil-
lectomy has been done with a view of the pterygopalatine
fossa (PPF) and orbit. NP Nasopharynx

middle, but there is a loss of contrast in the left cavernous
sinus and left carotid artery, unlike the right side. On the
right hand side, the carotid artery and cavernous sinus
show regular enhancement

Fig. 10.12 The bony chips of lamina papyracea (LP)
covering the periorbita are removed, PPF; Pterygopalatine
fossa



126 S.Jain and N. Gupta

Fig. 10.13 Unhealthy fat is removed using a microde-

brider Fig. 10.15 Optic nerve can be seen in the centre with the
diseased tissue all around it

Fig. 10.16 Area of the left orbital apex (OA) is seen with
Fig. 10.14 Extensive disease can be seen filling the the carotid artery (CA), optic nerve (ON), maxillary nerve
superior and inferior parts of the left orbit. In the central ~ (V2), and Vidian canal, SS; Sphenoid sinus
part, the globe and the optic nerve can be visualized after
disease clearance. ON; Optic nerve
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Fig. 10.17 A close-up view of the structures at the left (MA) in view. (¢) Thrombosed V2. CA; Carotid artery,
orbital apex. (a) Maxillary nerve (V2) and Vidian canal = OA; Orbital apex, MA; Maxillary artery
can be seen. (b) V2, Vidian nerve and maxillary artery

Fig.10.18 Clearing the disease from the superior orbital
fissure, SOF; superior orbital fissure, CA; Carotid artery,
ON; Optic nerve

Fig. 10.19 Diseased tissue lateral to the optic nerve is
debrided
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Fig. 10.22 The optic nerve is gently pushed up to clear
the disease lateral to it

Fig. 10.20 Optic nerve is pushed up, and the retrobulbar
area is cleared

Fig. 10.21 Clearance of the disease posteriorly is

. Fig. 10.23 The optic nerve is now pushed inferiorly to
continued

clear the disease from the superolateral part of the orbit
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Fig.10.24 Clearance of disease continues superiorly while ~ Fig. 10.26 Intraorbital area appears clean after disease
the optic nerve is gently retracted and stabilized inferiorly removal

Fig. 10.25 Area near the globe is cleared while the optic ~ Fig. 10.27 A close look inside the orbit shows a better
nerve is gently pushed down view of the globe and optic nerve
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Fig. 10.28 Healthy fat can be seen prolapsing inferior
to the globe

Fig. 10.29 The optic nerve is gently pushed down, and
the disease posterior to it is cleared

Fig. 10.30 (a) Globe and optic nerve in a disease-free intraorbital space. (b) Complete disease clearance from the
orbital apex is seen with the optic nerve, globe, V2, Vidian, and cavernous carotid



Case3
MRI

T1IW MRI shows the area of enhancement
in the right orbit (Fig. 10.31a). On the parallel
T2W image, the same area in the right orbit is
enhanced (Fig. 10.31b) in a previously oper-
ated case where the orbital disease was not
addressed.

The best way to differentiate inflammation
from disease is to compare the TIW contrast-
enhanced MRI scan (Fig. 10.32a) with a fat-
suppressed T2W image (Fig. 10.32b). The
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disease is a non-enhanced area in the right
orbit in Fig. 10.32a, and the same area shows
enhancement on a fat-suppressed T2W image
in Fig. 10.32b.

Surgical Steps

Surgical steps are the same, including
clearance of the sphenoid sinus (Fig. 10.33),
improving exposure by clearing the field,
removing the diseased part of the nasal sep-
tum, and opening up the sphenoids. Orbital
clearance of the disease is the next step
(Figs. 10.34, 10.35, 10.36, and 10.37).
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can be seen in previously operated cases in which orbital
disease was not addressed (arrow)

Fig. 10.31 (a) TIW MRI of case 3 showing the area of
enhancement in the right orbit (arrow). (b) An
enhanced T2W image of the same area in the right orbit
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Fig.10.32 (a) T1W contrast-enhanced MRI scan shows the non-enhanced area of disease in the right orbit (arrow). (b)
Fat-suppressed T2W image showing the enhancement indicating the presence of disease in right orbit (arrow)
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Fig.10.33 Clearance of disease from sinuses on the right side  Fig. 10.35 Entry into the orbit is made, and the necrotic
tissue is debrided

Fig. 10.34 Improving exposure by clearing the field Fig.10.36 Intraorbital clearance of disease is carried out
where the diseased part of the nasal septum has been
removed and both sides sphenoid sinuses can be seen



Fig. 10.37 Medial rectus muscle is identified and pre-
served as muscles are generally not involved

Case 4
MRI

T2W fat-suppressed MRI showing dis-
ease in the right orbit (Fig. 10.38).

Steps of Surgery

Standard surgical steps of orbital
debridement were carried out (Figs. 10.39,
10.40, 10.41, 10.42, and 10.43).

Postoperatively, good mucosalization of
the cavity was noted in most of the cases.
Some patients had altered shapes and size
of their eyes, with occasional fistula forma-
tion (Figs. 10.44, 10.45, and 10.46).
Cosmetically, however, it remained supe-
rior to the total exenteration. Patients were
very receptive and preferred a slight defor-
mity over the total exenteration.
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BRAINWYITH P

Fig. 10.38 Case 4, T2W fat-suppressed MRI showing
disease in the right orbit

Fig. 10.39 Endoscopic orbital debridement of the case 3
showing healthy fat superiorly with necrotic tissue being
debrided inferiorly
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Fig. 10.40 Intraorbital debridement of the diseased part
is carried out

Fig. 10.43 Interior part of the orbit is visible after dis-
ease clearance
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Fig. 10.41 The periorbita is incised, and the disease can be

seen in the inferior part while the medial rectus is normal Fig. 10.44 Right eye after surgery

Fig. 10.45 Left eye after surgey

Fig. 10.42 Medial rectus is retracted to clear the disease
lateral to it
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Fig. 10.46 Right eye after surgery

10.5 Advantages of Globe
Sparing Orbital Exenteration

Endoscopic globe sparing orbital exenteration is
an excellent surgery that saves the patient from
devastating aesthetic and psychological losses. It
prevents morbidity and, therefore, obviates the
need for further complex rehabilitative surgery.

10.6 Postoperative Management

Regular check endoscopies are needed in the
postoperative period. Due to good exposure dur-
ing surgery, a nasal endoscopic inspection of all
these areas is possible during postoperative fol-
low-up. Endoscopic visualization obviates the
need for repeated MRI in an otherwise asymp-
tomatic patient. Endoscopic monitoring of the
operated site and trend analysis of the level of
inflammatory markers help regulate medical
management. Aggressive treatment with antifun-
gal drugs leads to a good mucosalization of the
orbital cavity with excellent recovery.

10.7 Need of Developing Globe
Sparing Technique
for Orbital Disease

Convincing the patient of the need for orbital
exenteration during a mucormycosis outbreak
has been a difficult task. Orbital exenteration is

associated with a high rate of morbidity, and the
decision to do it is even more challenging in
patients having normal eyesight [12].

There have been doubts, misperceptions, and
uncertainties concerning orbital exenteration.
Hargrove et al. felt that there is a lack of unanim-
ity among treating physicians when it comes
to exenteration [11]. Furthermore, although gen-
erating severe morbidity, orbital exenteration,
may not enhance overall survival [12].

Various authors have attempted successful
treatment of orbital mucormycosis without
orbital exenteration in the past [1, 2, 10-12].
Catalano et al. stressed the necessity, for globe
sparing orbital exenteration in malignant tumours
of orbit and adjacent regions, as well as case
selection and satisfactory outcomes [1].

In the administartion of ROCM, we accom-
plished a globe sparing orbital exenteration based
on the same notion. Various MRI sequences
serve as a road map for intraorbital tracing and dis-
ease clearance. It also allows us to focus on the
hidden areas that are debrided during orbital clear-
ing. The pterygopalatine fossa is a vital location
from which the infection can quickly migrate into
the orbit via infraorbital fissure. In a study by
Ergun et al., pterygopalatine fossa involvement
was noted in 81.8% of patients [12]. Thus, ptery-
gopalatine fossa should be cleared in all the cases
undergoing endoscopic globe sparing orbital exen-
teration. In general globe sparing orbital clearance
in ROCM appears to be a promising technique.

10.8 Conclusion

The surgical therapy of ocular mucormycosis has
undergone a paradigm change with the globe
sparing endoscopic orbital exenteration. A better
understanding of the orbital disease is possible
because of excellent disease mapping on multiple
MRI sequences. This is supported by high-
definition endoscope and camera units that
provide superb visibility, as well as development
of minimally invasive techniques.
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Open Surgery in Rhino-Orbito-
Cerebral Mucormycosis
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Hitesh Verma @ and Kapil Sikka

The corona virus disease 2019 (COVID-19)
infection is caused by the unique severe acute
respiratory ~ syndrome coronavirus 2 [1].
COVID-19 infection is associated with a wide
spectrum of bacterial and fungal infections.
Currently, Indian subcontinent has noticed a
surge in mucormycosis. COVID-19-associated
mucormycosis (CAM) may be induced by its
mutant strain [2], its impact on innate immunity,
generated cytokines, and increased risk of diabe-
tes by selective damage of insulin-producing
cells in the pancreas [2, 3]. Irrational use of ste-
roids and other COVID-associated treatment has
come up as a major risk for CAM.

The progression of CAM is variable amongst
the patients. The progression pattern of disease
depends on the patient’s immune status and the
status of comorbidities. Rapidly progressive
course mandates aggressive medical and surgical
treatment mandatory. Control of underlying
immune-compromising condition is initiated as
emergency. This chapter will focus on rhino-
orbito-cerebral mucormycosis (ROCM).
Endoscopic approach has emerged as standard of
care for excision of fungal debris, necrotic soft
tissues and bone, and also for taking biopsy from
suspicious areas. Acute form of invasive fungus
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has tendency to extend beyond the confines of
sinonasal region via natural foramina and peri-
vascular channels and by erosion of surrounding
bones making the access difficult with endo-
scopes, especially in narrow corridors.
Involvement of the anterior wall of the maxillary
sinus is quite frequently encountered in our prac-
tice, which is not accessible with standard endo-
scopic procedures.

The extended endoscopic  approaches
(Denker’s [4], medial orbital wall removal and
extended skull base approach) allow removal of
lateral nasal wall, a major part of the anterior wall
of the maxillary sinus, medial orbital wall and
tissue, skull base and beyond. The procedure,
however, requires expertise, good assistance and
specialized instruments. The angle of surgical
instrumentation via the nostrils in Denker’s
approach narrows down the working area during
the removal of lateral part of anterior wall of
maxilla and soft tissues of cheek. The exposure
of the superior part of the anterior wall of max-
illa, zygomatic arch, and anterior orbital contents
is difficult even with experienced surgeons [5, 6].
The simultaneous presence of skin discoloration/
blackening of the anterior face is a contraindica-
tion for endoscopic approach. The surgical vol-
umes of ROCM cases encountered during CAM
epidemic also created feasibility challenges.
Operating in multiple unfriendly suites, COVID-
positive and medically unstable patients man-
dated procedures to be completed fast and

137

N. Gupta, S. G. Honavar (eds.), Rhino-Orbito-Cerebral Mucormycosis,

https://doi.org/10.1007/978-981-16-9729-6_11


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-9729-6_11&domain=pdf
https://doi.org/10.1007/978-981-16-9729-6_11#DOI
https://orcid.org/0000-0001-7905-3073

138

H. Verma and K. Sikka

efficient. All these scenarios mandated open
surgical procedures (OSP) in the management of
ROCM.

Most of the cases of ROCM can be managed
with endoscopic approach. However, endo-
scopic procedures take much longer, are equip-
ment intensive and need assistants. In a tertiary
hospital like ours that happened to be one of the
largest COVID facility also, there was an acute
shortage of manpower, and everyone was
expected to act fast. There was a heavy load of
ROCM patients needing immediate attention.
Therefore, patients were managed with
OSP. OSP allows excellent visualization of all
those sinonasal areas that may be hidden in the
endoscopic approaches. The surgical procedures

have a short learning curve and can be per-
formed with a limited number of instruments. A
proper tissue handling limits the visibility of
surgical scar.

Patients of ROCM with the following symp-
toms were managed using OSP:

1. Numbness of cheek, medial canthus and
supraorbital region.

2. Significant facial fullness indicating anterior
cheek spread (Fig. 11.1a).

3. Facial discoloration/blackening and involve-
ment of subcutaneous tissue (Fig. 11.1b).

4. Palatal discoloration, palatal perforation, and
palatal perforation and loosening of teeth
(Fig. 11.1c¢).

Fig. 11.1 (a) Clinical photograph showing extension of
disease to the lacrimal drainage system with cutaneous
invasion and facial fullness. (b) Clinical photograph
showing facial discoloration indicating gross bone inva-
sion by the disease leading to the fungal involvement of
the skin after erosion of anterior wall of maxilla. (c¢)

Bogginess of the palate and ulceration and loosening of
teeth. (d) Ptosis, proptosis and conjunctival chemosis on
the left. (e) A case of post orbital exenteration showing
intracranial progression of residual/impending disease in
ROCM
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5. Proptosis/discoloration of orbital contents
with loss of vision (Fig. 11.1b).

6. Failed extended endoscopic procedure.

7. Intracranial extension of disease (Fig. 11.1e).

11.1 Role of Radiology in Surgical

Planning

Contrast CT and MRI [1] are the advised radio-
logical investigations. In view of sudden surge in
ROCM cases needing immediate surgical
debridement and imitations of MRI facilities
across all surgical units of the hospital, contrast-
enhanced computed tomography (CECT) was
taken as the acceptable preoperative radiological
investigation. CECT is easy to perform, cost
effective and quicker and provides details of bony
anatomy. CECT also provides worthwhile ana-
tomical information of orbital and cranial tissue
involvement. Contrast-enhanced MRI  was
reserved for cases with orbital involvement and
suspected intracranial spread and for follow-up
assessment. MR angiography was used to assess
superior ophthalmic artery and central retinal
artery in selected cases. The radiological indica-
tions for OSP are:

1. Obliteration of pre-antral fat plan (Fig. 11.2a).

2. Simultaneous obliteration of pre-antral and
retro-antral fat plans (Fig. 11.2a, b).

3. Collection of fluid anterior to the anterior wall
of the maxilla.

4. Erosion/destruction of anterior/inferior wall
of maxilla.

5. Residual disease in anterior wall/inferior wall

of maxilla after extended endoscopic proce-

dures (Fig. 11.2b).

Gross intra-orbital disease (Fig. 11.2c¢).

Lateral orbital wall erosion.

Central retinal artery occlusion.

Intracranial extension of disease (Fig. 11.2d).

Though minimal intracranial extension can be

accessed endoscopically, large abscesses and

necrosis mandates neurosurgical assistance

and craniotomy.

O ® N

11.2 Diagnosis

The diagnosis is established by a specific clinical
profile of the patient. The risk factors in the cur-
rent surge are the history of COVID-19 infection,
uncontrolled diabetes, uncontrolled kidney dis-
ease, transplanted severely immunocompromised
patients, prolonged use of immunity-lowering
drugs (steroids, chemotherapy, etc.). A good clin-
ical assessment (discoloration and crusting of
sinonasal region) is required to confirm the diag-
nosis. Nasal endoscopic assessment is performed
to obtain certain information like tissue appear-
ance and disease extent. Tissue biopsy is done for
fungal smear and culture, and histopathology.
Simultaneous assessment of blood and serum
parameters is done to prepare the patient for
surgery, to control the comorbidities and to obtain
effectiveness of antifungal therapy.

11.3 Surgical Procedures
11.3.1 Sublabial Approach [4, 5, 7, 8]

The indications for sublabial approach are infra-
structural maxillectomy, removal of subcutaneous
tissue and anterior wall of maxilla, and combined
removal of anterior and medial wall of the maxilla
(Denker’s procedure). The approach allows good
exposure of the anterior wall of the maxilla. The
incision is made 3-5 mm above the upper gin-
givo-buccal sulcus (Fig. 11.3a). The incision is
deepened till the anterior wall of the maxilla. The
periosteum elevator is used to elevate the tissue
from the anterior wall of the maxilla. Often pus
can be found collecting subperiosteally via infra-
orbital foramina [2, 3]. Canine fossa is used to
enter the maxillary sinus in Caldwell Luc
approach by chisel, osteotome or drill. The wid-
ening of the anterior wall window is done in all
directions with Kerrison rongeur, bone nibbler or
drill. The procedure allows simultaneous removal
of unhealthy subcutaneous tissue, medial, supe-
rior and posterior wall of maxilla. The wound is
closed with 3-0 vicryl suture in layers.
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Fig. 11.2 (a) Radiological findings in cases treated with
open approaches showing obliteration of pre-antral fat on
left. Simultaneous obliteration of pre-antral and retro-
antral fat plans. (b) Obliteration & infilteration of anterior

Infrastructural maxillectomy is done by incis-
ing the palatal mucosa medial and posterior to the
diseased tissue with adequate margin (Fig. 11.3b).
The osteotomy is made below the inferior orbital
fissure from pyriform aperture till the posterior
limit of the anterior wall of the maxilla. Curved
osteotome is used to separate the posterior max-
illa from the pterygoid plates. The heavy scissors
are used to cut soft tissue around specimen.
Internal maxillary artery bleed is secured after
removal of the anterior specimen. Involved ptery-
goid plates, pterygoid muscles, involved infra-
temporal fossa contents and involved

E

wall of maxillary in post endoscopic maxillectomy case.
(¢) Gross intra-orbital disease. (d) Left anterior cranial
cavity showing rim enhancement with hypointense mass

nasopharyngeal tissue can be removed after the
removal of the anterior specimen. Pterygoid
plexus ooze is managed by cautery, digital pres-
sure and surgery. The conventional pack is placed
after creating a bed with suture. The artificial pal-
ate can be applied in the same sitting if available.
The pack removal is generally done after
2-3 days. Ryles tube feeding can be given in non-
rehabilitated patients till rehabilitation with artifi-
cial palate.

The limitations for sublabial approach are the
exposure of the supero-lateral part of anterior
wall of maxilla, superior part of the ethmoid
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Fig.11.3 (a) Intraoperative photographs showing palatal excision by sublabial approach. (b) Palatal incision and sepa-

ration of right inferior maxilla from the rest of the maxilla

sinus, frontal sinus, sphenoid sinus and anterior-
superior orbital tissue. Certain limitations of pro-
cedure can be overcome by using endoscopic
assistance.

11.3.2 Lateral Rhinotomy Approach
(5,9, 10]

It is the best open approach to deal with the sino-
nasal pathology. The procedure allows exposure
of complete maxilla, anterior maxillary contents,
retro-maxillary space (infratemporal fossa, ptery-
gomaxillary fossa), nasal cavity, and ethmoid and
sphenoid sinus. The incision is made along the
naso-facial groove from medial canthus. The
incision is curved around the nasal ala (Fig. 11.4).
The incision is deepened till the frontal process
of maxilla and pyriform aperture. The nasal cav-
ity is being entered along the pyriform aperture.
The medial flap is secured with stay suture ante-
riorly for easy handling of nasal tissue. The lacri-
mal sac is being lifted from the lacrimal fossa.
The nasolacrimal duct is cut with a sharp instru-
ment. The flap is elevated subperiosteally to
expose the anterior wall of the maxilla.

After lip splitting incision the lateral flap is
reflected laterally. This facilitates easy manoeu-
vring of the soft tissue contents present anterior,
lateral, inferior and posterior to maxillary bone.

Hence the lateral rhinotomy incision can be com-
bined with lip splitting incision to deal with these
para-maxillary areas if required (Fig. 11.5). The
debridement of tissue is performed till clinical
necrosis is found. The presence of bleeding mar-
gin is suggestive of healthy tissue.

For total maxillectomy, the osteotomy is made
at the level of the frontal process of the maxilla,
zygomatic arch, hard palate and retro-maxillary
areas to separate the maxillary bone from sur-
rounding tissues [5].

Combining Lynch Howarth incision with lat-
eral rhinotomy incision allows clearance of dis-
ease from frontal sinus, medial orbit and anterior
skull base (Fig. 11.6). The flap is raised by elevat-
ing the periorbita from lamina papyracea. Lamina
papyracea with ethmoid air cells is removed to
access the nasal cavity. The upper limit of lamina
papyracea removal is the fronto-ethmoid suture
line. Kerrison rongeur is used to remove the fron-
tal sinus anterior wall for access in the frontal
sinus. The skull base is identified at the ethmoid
roof and followed posteriorly to clear the disease
along the skull base and sphenoid sinus. Involved
medial orbital fat, periorbita and medial muscles
can be removed by the same approach. The pos-
terior septum can be removed to access the con-
tralateral side of the nasal cavity if required.
Endoscopic assistance provides superior quality
view when disease extends close to vital
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Fig. 11.4 (a) Lateral rhinotomy incision. (b) Mucopurulent discharge can be seen pouring out as soon as the flap is
raised. (¢) Exposure of anterior wall of maxilla and the nasal cavity

structures like skull base and orbital tissue. The
procedure has certain limitations in dealing with
lateral orbital contents, zygomatic bone and tem-
poral fossa, and in the case of need of simultane-
ous orbital exenteration.

11.3.3 Weber Ferguson Approach [5]

It allows complete exposure of maxillary bone,
para-maxillary spaces, orbital tissue, infratem-
poral fossa, zygomatic bone, lateral orbital wall
and temporal fossa (Fig. 11.7). It can be com-

bined with bi-coronal incision to handle the
anterior skull-base contents. Orbital exenteration
is mostly done with this incision. Sub-ciliary
incision is combined with lateral rhinotomy inci-
sion. Lateral extension of incision is based on
the lateral limit of the disease. Sub-ciliary inci-
sion runs 3—5 mm inferior to the inferior lid mar-
gin. Sub-ciliary incision is combined with
supra-ciliary incision to remove lid edges. The
flaps are raised as mentioned in the lateral rhi-
notomy approach. The orbital tissue is released
from the anterior orbital rim by incising perior-
bita. Medial and lateral canthal ligaments are
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incised. The plane is created subperiosteally bleeding. The cut edges of lids are sutured to
around the orbital contents till the orbital apex. prevent contamination from external environ-
The curved artery clap is applied at the level of ment. The cavity is filled with medicated packs.
the orbital apex. Heavy scissor is used to cut the The dental rehabilitation is done with palatal
tissue from the orbital apex anterior to clamp. prosthesis by placing it intraoperatively or in an
Further slicing of orbital apex tissue can be done early postoperative period.

after removal of the anterior orbital contents.
The left-out orbital apex tissue is sutured or cau-
terized to limit the chances of ophthalmic artery

Fig. 11.6 Combination of lateral rhinotomy with Lynch
Fig. 11.5 Lip splitting incision allows easy lateral access ~ Howarth incision

Fig.11.7 (a) Weber Ferguson approach allows complete exposure of maxillary bone and peri-antral tissue. (b) Surgicel
is visible after maxillectomy in intra-temporal fossa
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Fig. 11.8 (a) Bi-coronal incision and flap. (b) Microscopic picture of fungal mass

11.3.4 Transcranial Approach [5-13]

Anterior and middle cranial fossa is mostly
invaded by the CAM. The routes of extension are
cribriform plate, orbital apex, roof and sphenoid
body. The cerebral involvement is considered life
threatening as surgical excision is difficult and
amphotericin has limitations in crossing blood
brain barrier. The surgical excision may have sur-
vival advantage in the early stage of cerebral
extension. Bi-coronal approach or extended
endoscopic approach is the most preferred
approach as it allows exposure of the entire ante-
rior skull base.

Bi-coronal incision is made a few centimetres
behind the hairline (Fig. 11.8a). The flap is ele-
vated over pericranium till the orbital rim. The
wide pericranial flap is made for the postopera-
tive skull base reconstruction. The osteotomy is
made, and brain tissue is elevated from the skull
base. The diseased tissue is removed (Fig. 11.8b).

11.4 Postoperative Management

Surgical cavity pack is removed on the 2-3 post-
operative days. The nasal douche is advised after
pack removal to prevent mucosal dryness. The
cavity cleaning is done regularly for early epithe-
lialization. Facial suture removal is done between
seventh and tenth postoperative days. Palatal
prosthesis is placed intraoperatively or after a
certain interval from surgery for oral rehabilita-
tion. Ryle’s tube feeding is removed after place-

ment of prosthesis. Dressing is applied over
orbital exenteration sites to prevent crusting. The
open surgical cavity can be obliterated by flaps or
free tissue transfer after a certain interval from
complete treatment. The patient can wear dark
goggles for cosmetic issues till an artificial eye is
applied.
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12.1 Introduction

Mucormycosis is an opportunistic invasive fun-
gal infection that occurs commonly in an immu-
nocompromised host. The patients who develop
these fulminant infections are those on immuno-
suppressants, like post-organ transplant patients,
patients with chronic immunological disorders,
haematological malignancies, and uncontrolled
diabetes mellites with or without diabetic keto-
acidosis [1]. The second wave of COVID-19, the
altered nasal immunity and the pre-diabetic and
diabetic states caused by the use of high-dose ste-
roids, and the irregular high antibiotic use, has
possibly made the incidence of mucormycosis
rise rapidly [2, 3]. The involvement of the nasal
cavity, paranasal sinus (PNS), and orbit has been
commonly seen. Even though rhino-orbital-
cerebral-mucormycosis is the most com-
mon form, it can rarely be present as pulmonary,
cutaneous, gastrointestinal, or disseminated
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forms. The paranasal sinuses and orbits, like the
nasal cavity, are closely associated with the skull
base; thus, skull base involvement, and eventu-
ally intracranial compartment involvement, is
inevitable if not treated by radical surgical
debridement of the nasal and PNS followed by
high doses of intravenous antifungal medication.
Mucormycosis is prone to causing tissue invasion
and angioinvasion [4]. Thus, spread of fungus to
the intracranial cavity can occur by direct skull
base invasion as well as through haematogenous
spread. Intracranial involvement is an indicator
of poor survival rates.

12.2 Pathophysiology

Mucormycosis is caused by Mucorales fungi, a
ubiquitous, saprophytic fungus that morpholog-
ically has broad aseptate or sparsely septate
ribbon-like hyphae. Around 27 species of
Mucorales cause human infection; the common
species are rhizopus, rhizomuco, and lich-
theimia. Infection is caused by inhalation of
sporangiospores or rarely by traumatic inocula-
tion. In an immunocompetent individual, mucor
spores may even be present in the nasal mucosa.
However, in immunocompromised states, these
spores germinate and invade the local tissue and
vessels. In COVID-associated mucormycosis,
several clusters of risk factors act together to
suppress immunity and potentiate the spread of
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infection. Most of the patients with COVID-
associated mucormycosis (CAM) have diabetes
mellitus. COVID-19 viral infection is known to
cause overexpression of inflammatory cytokines
and impair cell-mediated immunity. Endothelial
cell dysfunction caused by inflammatory media-
tors is one of the characteristic features
of COVID-19 infection. This endothelial dam-
age and increased expression of endothelial
receptors facilitate the tissue and angioinvasion
of mucormycosis [4]. There is also a role for iron
in the pathogenesis of this disease. In the setting
of uncontrolled diabetes mellitus and sepsis,
there is acidosis, which impairs the iron homeo-
stasis and increases the serum ferritin, free iron,
and free oxygen radicals. This causes further
damage to the normal cells and potentiates the
growth of mucorales as it incorporates iron into
its cells [5, 6]. Once angioinvasion occurs, fungi
spread into the peri-sinus structures and the
skull base by various routes. As it breaches the
dura and enters the brain parenchyma, there is
angioinvasion with vascular occlusion and
thrombosis, which causes cerebral infarction
and tissue hypoxia. Fungal invasion of glial
cells causes further inflammatory reactions and
abscess formation. The resultant phagocytosis
of dead cells causes more damage to the normal
brain tissue.

12.3 Anatomical Considerations

The route of entry of the fungal spores is via the
nasal route. The nose and paranasal sinus mucosa
become the primary sites of colonization and
growth of saprophytic fungi. As they germinate,
they cause tissue invasion and angioinvasion,
leading to a rapid spread. The nasal cavity, para-
nasal sinuses, and the orbit form the close ana-
tomical contiguous structures, which are the
primary areas of mucor infection. The entire ven-
tral skull base forms the roof of the nasal cavity,
the paranasal sinus, and the orbit. Thus, the
involvement of the skull base occurs if the fungal
growth is not detected early in the disease and if
the host immunity is very poor. Mucormycosis of
the frontal sinus, ethmoidal sinus, and orbital

roof spreads to the anterior skull base. Fungal
growth involving the sphenoid sinus, orbital
apex, and maxillary sinus spreads to the middle
cranial fossa. In most patients, the disease spreads
to the middle cranial fossa via the cavernous
sinus and pterygoids. Fungi can gain access into
the posterior cranial fossa by extensively destroy-
ing the clivus. The cranial nerve and its foramina
are the potential entry pathways into the cranium;
intracranial involvement rarely occurs via a hae-
matogenous route. The standard central nervous
system occurrences are a cerebral abscess (fron-
tal abscess), cavernous sinus thrombosis, and
internal carotid occlusion.

In Fig. 12.1, the possible ways in which the
disease can enter the intracranial compartment
are demonstrated.

12.4 Clinical Presentation

Rhinological | Orbital Intracranial | General
Nasal Diminution | Seizures Fever
obstruction | of vision to
complete
loss of
vision
Facial Orbital Hemiplegia | Generalized
swelling swelling weakness
Headache Restricted Altered
eye sensorium
movements
Facial pain | Ptosis
Facial chemosis
numbness
Blood-
stained
nasal
discharge
12.5 Investigations

The diagnosis of mucormycosis is usually based
on the clinical presentation that reveals a fulmi-
nant course of the disease. Still, various other
diagnostic tools help confirm the diagnosis and
provide information regarding decision-making
in its management. A diagnostic nasal endoscopy
can demonstrate a well-established disease’s



12 Cranio-Cerebral Mucormycosis 149
Intracranial Mucormycosis- Route of spread
} Nasal entry of the fungal spores ‘
Nasal cavity ‘Colonization and invasion of the PNS (mucosa, bones, and neurovascular structures)‘
| Maxilarysinus | [ Frontal sinus | [ Ethmoid sinus_ | Sphenoid sinus Hae";;:gggmus
Sphenopalatine ¢
foramen o i
¢ Infra orbital nerve Posterior Table rz:gor AEA
Erosion . L Cii - PEA
N Posterior ateral wall ivus erosion
Pterygopalatine sinus erosion Cl:g:

!

fossa (PPF) Pterygopalatine
i Ganglion
Infratemporal
fossa Maxillary nerve
[Foremen Rotundum|

Cirbriform plate

Anterior and
Posterior fovea

To any part of the
intracranial

Greater wing
of
sphenoid

Anterior cranial
fossa

AEA- Anterior ethmoidal artery
PEA-Posterior ethmoidal artery
CRA-Central retinal artery
ICA-Internal carotid artery

Middle cranial
fossa

compartment
Roof of orbit Optic nerve| |Superior orbital
erosion canal Fissure
Cavernous sinus
Posterior

cranial fossa

Fig. 12.1 The possible ways in which the disease can enter the intracranial compartment are demonstrated

blackening of the turbinates and nasal mucosa
(Fig. 12.1). However, a routine nasal endoscopy
cannot rule out the presence of the disease if
there is strong clinical suspicion. Imaging modal-
ities like computed tomography (CT) and
contrast-enhanced magnetic resonance imaging
(MRI) can help diagnose the disease and make
decisions. Although CT findings are not specific
enough to diagnose mucormycosis, they do
provide valuable information about the extent of
bony involvement. MRI will give more precise
details about the extent of intracranial and intra-
orbital involvement than CT scan images. An
oedematous sinus mucosa, cellulitis, cerebral
ischaemia, and inflammation will appear hypoin-
tense on T1-weighted MRI images and hyperin-
tense on T2-weighted images. On TI1- and
T2-weighted images; the sinus and intracranial
lesions may be hypointense this is possible due to
the accumulation of haemorrhagic products and
paramagnetic materials such as iron, magnesium,
and manganese. As the fungus causes angioinva-
sion, the involved tissues might show the classi-
cal contrast cut-off sign. The definitive diagnosis

can be made by demonstrating the fungal hyphae
on a wet mount from the specimen collected from
the nasal cavity or the paranasal sinus (Fig. 12.2).
The culture of the sample can also provide a
definitive diagnosis. On the specimen, histopath-
ological demonstration of tissue invasion, angio-
invasion, fungal spores, and hyphae can be done.
Other investigations that need to be done are pro-
calcitonin and serum ferritin levels; both of these
are seen to be very high in mucormycosis.

12.6 Case Scenarios

12.6.1 Anterior Cranial Fossa
Involvement: Frontal Lobe
Abscess

(a) Through anterior and posterior ethmoid sinus
(Figs. 12.3 and 12.4a).

(b) Through the supraorbital part of the eth-
moidal system (Fig. 12.4b).

(c) Though the posterior table of the frontal
sinus.
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Fig. 12.2 (a, b) Lactophenol cotton blue mount of cul-
ture shows colonies of mucormycetes, with sporangio-
phores arising directly opposite to the rhizoids and
sporangium containing plenty of sporangiospores (40x).
The agent was phenotypically identified as Rhizopus

12.6.2 Middle Cranial Fossa:
Temporal Lobe Abscess
(Figs. 12.5 and 12.6)

(a) The disease involves the infraorbital nerve
from the maxillary sinus, from there to the
pterygopalatine ganglion, from the pterygo-
palatine fossa (PPF) to the greater wing of
the sphenoid, and eventually to the middle
cranial fossa (MCF).

arrhizus. (¢, d) Direct 10% KOH wet mount of a tissue
specimen shows broad aseptate right-angled branching
fungal hyphae of mucormycetes (40x). Image courtesy:
Microbiology Department, SGPGIMS, Lucknow

(b) From the nasal cavity, the fungus invades the
sphenopalatine foramen, the pterygoid body,
the greater wing of the sphenoid, and eventu-
ally the middle cranial fossa.

(c) The posterior wall of the maxillary sinus ero-
sion leads to the involvement of the infratem-
poral fossa (ITF). The greater wing of the
sphenoid forms the roof of the ITF; its ero-
sion leads to MCF involvement.
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Fig. 12.3 Recurrent frontal abscess after left orbital

eventration. (a) TIW contrast MRI showing a large
abscess in the left basi-frontal lobe, with an enhancing

(d) Sphenoid sinus involvement leads to lateral
wall erosion, leading to cavernous sinus
involvement, and from there to the MCF.

Pterygoid and cavernous sinus are the primary
sites from where the fungal infection can spread
into the middle cranial fossa.

Cavernous Sinus Involvement

The disease can spread to the cavernous sinus

from:

(a) Superior orbital fissure of the orbit

(b) Sphenoid sinus lateral wall (Fig. 12.7)

(c) Optic nerve and its canal (Fig. 12.8)

(d) Maxillary nerve and pterygopalatine gan-
glion (Fig. 12.9)

(e) Directly from the pterygoid body

abscess wall; (b) T2W MRI, coronal section, showing a
large left frontal abscess; (c—f) T2W axial section showing
gross oedema in bilateral frontal lobes

12.6.3 Posterior Fossa: Cerebellar
Abscess

Through the haematogenous spread, mucormy-
cosis can form a fungal abscess (Fig. 12.10).

12.6.4 Internal Carotid Artery
Thrombosis (Fig. 12.11)

The angioinvasive nature of the fungus is the pri-
mary reason for extensive tissue destruc-
tion. Mucormycosis can also cause complete
occlusion of the cavernous internal carotid artery
(ICA). Patients can develop a stroke due to this
ICA occlusion.
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Fig. 12.4 Frontal lobe involvement through the anterior — moid fovea area. The patient developed cerebritis, and (b)
skull base involvement. (a) Right frontal lobe abscess due  right frontal abscess from the roof of the supraorbital cells
to extension from the cribriform plate and anterior eth-

Fig. 12.5 Temporal abscess developed from cavernous sinus involvement. (a) TIW contrast MRI showing abscess
cavity in the medial temporal lobe on the right side, and (b) T2ZW MRI showing abscess with gross peri-abscess oedema
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Fig. 12.6 Large temporal lobe abscess. (a—d) Contrast-
enhanced MRI showing a large temporal lobe abscess; (e)
the temporal lobe was completely involved, requiring

complete temporal lobectomy. [$ = optic nerve, * = cli-
noid process, # = right internal carotid artery, € = third
nerve, arrow = tentorial margin]

Fig. 12.7 (a) TIW MRI showing an isointense lesion in
bilateral sphenoid sinuses with a missing plane between
the right sphenoid sinus and the cavernous sinus; (b) T2W
MRI showing the collection in bilateral sphenoid sinuses
and the disease extension from the right lateral wall and
pterygopalatine fossa (PPF) region into the right cavern-
ous sinus; (¢) and (d) T1W contrast coronal section shows
a hypointense abscess cavity (arrow) extending from the

PPF to the right cavernous sinus; (e) exposure of right lat-
eral wall of sphenoid; (f) exposure of the PPF and the
necrosed tissue in the PPF (arrow); (g) removal of the
necrosed tissue; (h) communication between the PPT and
cavernous sinus visualized due to erosion of greater wing
of sphenoid by the disease process. ON, optic nerve; A,
internal carotid artery; PPF, pterygopalatine foramen; FO,
floor of orbital apex
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Fig. 12.8 Orbital apex lesion extending into the cavern-
ous sinus. (a) and (b) No evidence of gross pathology on
a non-contrast CT scan; (¢) left cavernous ICA narrowing
on a TIW contrast MRI scan; (d) abscess inside the left
cavernous sinus (arrow); (e) and (f) TIW contrast MRI
scan, axial section showing the extension of infection

12.7 Management

The mainstream modality of managing rhinocer-
ebral mucormycosis is radical surgical debride-
ment followed by intravenous amphotericin B
and the reversal of the immunocompromised
state [7, 8].

12.7.1 Surgical Debridement

Radical debridement of the sino-nasal and orbital
involvement has to be done to reduce the fungal
load. As the fungus causes angioinvasion, the
involved tissues and margins do not have patent
blood vessels. As a result, the antifungal medica-

from the left orbital apex to the cavernous sinus; (g) and
(h) intraoperative endoscopic image showing the optic
nerve (ON), periorbita covering the medial wall of the
orbit (PWMS), granulation at the orbital apex (blue
arrow), the involved optic nerve sheath (black arrow)

tion cannot reach these areas. The surgery aims to
remove all the devitalized, avascular, necrosed
tissue till the normal bleeding mucosa is reached.
This aids in the removal of the disease load and
helps the intravenous antifungal drug reach the
affected sites [9, 10].
As far as the intracranial disease is concerned,
the abscess has to be managed by
(a) Burr hole and aspiration of the abscess, in the
case of a small abscess.
(b) Craniotomy and excision of the abscess
cavity.
(c) Endoscopic transnasal
abscess.
(d) High-dose intravenous antifungal therapy
alone instilled in a small abscess cavity.

drainage of the
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Fig. 12.9 Lateral recess fungal infection spreading into
the cavernous sinus and localized supraorbital abscess. (a)
T2W MRI showing a hypointense lesion in the superior-
medial part of the orbit and the pterygopalatine fossa
(PPF) involvement; (b) TIW contrast MRI showing a
non-enhancing area in the PPF and a small non-enhancing
part in the orbital area (arrow); (¢) and (d) T2 and T1 con-
trast MRI scan shows the spread of infection from the left
sphenoid lateral recess to the cavernous sinus; (e) necrosed

tissue in the pterygopalatine fossa (PPF); (f) tract (blue
arrow) communicating the lateral recess with the cavern-
ous sinus; (g) orbital abscess drained between the medial
and superior rectus muscle (Sp nasal septum, S sphenoid
sinus, PPF pterygopalatine foramen, C cavernous sinus,
ITF infratemporal fossa, NP nasopharynx, PF pterygoid
fossa, MRM medial rectus muscle, IRM inferior rectus
muscle, OF orbital fat)

Fig. 12.10 Haematogenous spread. (a—d) Abscess for-
mation in the right cerebellar hemisphere (posterior cra-
nial fossa) with upstream hydrocephalus; (e-g) abscess

formation in the temporal lobe (middle cranial fossa); (h)
parieto-occipital abscess; and (i) and (j) parietal abscess
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Fig. 12.11 ICA thrombosis. (a) Inflammation in the walls of cavernous ICA with circumferential narrowing (arrow);
and (b) complete narrowing of the right cavernous ICA (arrow)

12.7.2 Medical Treatment

12.7.2.1 Antifungal Therapy

Intravenous antifungal therapy is the mainstay in
the management of mucormycosis. The use of
amphotericin B has been shown to contain the
disease progression in the majority of patients.
The use of other second-line drugs has increased
mainly due to the toxic nature of amphotericin
B. Adjuvant therapy is also available but with
less efficacy than intravenous drugs.

Amphotericin B

1. Conventional amphotericin B (amphotericin
B deoxycholate)

2. Amphotericin B lipid complex

3. Liposomal amphotericin B

4. Amphotericin B cholesteryl sulphate complex

Mechanism of Action

It binds to ergosterol in the cell membrane of
the fungi. After binding with ergosterol, it
causes the formation of ion channels, leading
to the loss of protons and monovalent cations,
which results in depolarization and
concentration-dependent cell killing.

e It produces free radicals, which cause oxida-
tive damage to the cells.

e It potentiates the action of phagocytic cells.

Dosage

1. The conventional amphotericin B dosage is
1-1.5 mg/kg/day over 5-6 h. Premedication
with injections of pheniramine maleate and
paracetamol is required to prevent chills,
rigours and fever. Pre-drug intravenous hydra-
tion should be ensured, preferably with nor-
mal saline. The cumulative dose for
conventional preparation is up to 5 g. The
infusion bottle should be covered to prevent
the degradation of the drug from light
exposure.

2. Amphotericin B lipid complex

The amphotericin B molecule is packed into a
ribbon-like fat globule, allowing its penetra-
tion into the cell membrane. This preparation
is better tolerated and less nephrotoxic than
the conventional variant. The maximum dose
for administration should not exceed 5 mg/kg/
day and should be given as an infusion over
3—4 h with prior premedication.

3. Liposomal amphotericin B

It is similar the lipid complex, but the globules
are more uniform and smaller in size it is well
tolerated and has the least nephrotoxicity and
reactivity. It can be administered at, up to
8-10 mg/kg/day as an infusion over 2-3 hours.
Premedication is to be given before adminis-
tration. There is no absolute limit for the
cumulative dose. It must be decided based on
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the extent of disease, the response to the med-

ication, and the patient’s tolerance.

Note: All amphotericin B drug formulations
are to be administered in 5% dextrose infusion
neutralized appropriately

Once the infusion is started, temperature,
pulse, blood pressure recording, and input/output
monitoring are required at least 8-hourly.
Monitoring involves conducting baseline renal
function tests, liver function tests, electrolytes,
and a complete blood count. Everyday monitoring
and charting of electrolytes and serum creatinine
are mandatory. If there are signs of hypokalaemia,
an electrocardiogram (ECG) must be done.

Adverse Effects
The medication can cause multi-organ dysfunc-
tion, acute kidney injury, liver failure, bone mar-
row failure, dyselectrolytaemia (most common
hypokalaemia), chills, rash, fever, hypotension,
pleural effusion.

Posaconazole
It is a triazole antifungal active against candida,
aspergillus, and mucor species of fungi.

Mechanism of Action

It inhibits the fungal enzyme lanosterol, which
decreases fungal cell wall ergosterol synthesis,
vital for forming fungal cell walls. Cell wall
abnormalities result in either cell death or blunted
cell growth.

Dosage

Loading dose of 300 mg twice a day should be given
on the first day, followed by 300 mg once daily.
Duration of treatment can be for up to 3—6 months,
depending on the extent of the disease.

Formulations

(a) Injectable Posaconazole must be judiciously
given to patients with chronic kidney disease.

(b) Oral gastro-resistant tablets have a better
bioavailability than the syrup form and have
minor gastrointestinal side effects.

(c) The syrup form has low bioavailability and
must be taken with fatty meals to improve
absorption. The syrup dose is 5 mL twice a
day with 1 mL of drug having 40 mg of
Posaconazole.

Adverse Effects

Hepatotoxicity, liver failure, nausea, vomiting,
loss of appetite, acute and chronic kidney dis-
ease, deep vein thrombosis, neutropenia are all
possible side effects.

Isavuconazole
It is an extended-spectrum triazole with activity
against yeasts, moulds, and dimorphic fungi.

Mechanism of Action

It  inhibits  cytochrome  P450-dependent
l4a-lanosterol demethylation, essential for fun-
gal cell membrane ergosterol synthesis. Thus, it
helps compromise fungal cell wall integrity.

Dosage
It is available as an intravenous and an oral for-
mulation. The dose for both forms is 200 mg
thrice a day for 1 day, followed by 200 mg once
daily. The duration of treatment can be adjusted
depending on the response and disease extension.
Intravenous formulations are known to cause
thrombophlebitis and cross-reactivity. Hence, it
should be administered as an infusion over 1 h.
The adverse effects include hypersensitivity,
nausea, vomiting, diarrhoea, headache, rash, and
pedal oedema. It should not be given to patients
along with rifampicin.
Other modalities of management include
1. Hyperbaric oxygen therapy
2. Iron chelation agents
3. Immune-argumentation strategies

12.8 Sequel of Rhinocerebral
Mucormycosis

Following the occurrence of rhinocerebral
mucormycosis, the survival rate ranges between
18 and 87%. This occurs due to metabolic or
immunologic imbalance; surgical debridement in
critical areas such as the cavernous sinus, internal
carotid artery, cavernous sinus, and temporal
lobe; adverse effects of diabetes mellitus and
ketoacidosis. The rhizopus species have an active
ketone-reductase system. They thrive in an acid
pH and a glucose-rich medium in an environment
of decreased phagocytic activity of polymorpho-
nuclear leucocytes as there is a decreased local-
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ized inflammatory response in ketoacidosis
patients. The deferoxamine influences the patho-
genicity of the organism in rhinocerebral mucor-
mycosis. It is routinely used for iron and
aluminium overload, especially in haemodialysis
patients, as there is increased virus virulence,
alters immune cell function by inhibiting the pro-
duction of free radicals by iron-catalysed peroxi-
dase, and inhibits the fungistatic activity of
transferrin and other iron-binding proteins [11].
The intracranial sequel of rhinocerebral mucor-
mycosis can be categorized into three groups: (a)
due to direct venous invasion and necrosis, such
as meningitis, brain abscess, and multiple cranial
nerve palsies; (b) due to vascular invasions such
as cavernous sinus thrombosis, internal carotid
artery thrombosis or aneurysm formation, caroti-
cocavernous fistula or ischaemic infarct forma-
tion, and the development of subdural or
intracerebral haemorrhage; and (c) due to space-
occupying lesions resulting in obstructive hydro-
cephalus and behavioural changes [11].

12,9 Summary of Management
of Some of the Sequel

12.9.1 Proptosis

Proptosis may occur either due to infiltration of
the orbit by the fungal skull base mass or due to
ophthalmic vein dilatation as a result of cavern-
ous sinus venous hypertension. Excision of the
mass under the cover of antifungal agents in the
case of a significant mass and necrotic tissue in
orbit helps combat this entity. Proptosis may
result in mechanical diplopia due to the restric-
tion of globe movements or corneal ulceration
and visual loss, even occasionally leading to
complete loss of vision or phthisis bulbi.

12.9.2 Cavernous Sinus Thrombosis

This may result in a congested erythematous
nasal mucosa, conjunctival erythema and
oedema, purulent nasal discharge, and contrast-
enhanced CT or MR scan showing dilated oph-
thalmic veins as well as enhancement and dilation

of the cavernous sinuses. The maxillary, ethmoid,
and sphenoid sinuses show mucosal thickening
and retention of purulent material. A unilateral
thrombosis may extend to the other side due to
the involvement of the intercavernous sinuses.
An endoscopic paranasal sinus debridement,
antibiotics, and antifungals are to be given for
prolonged periods. Unfractionated heparin and
low-molecular-weight heparin may be initially
used to combat cavernous sinus thrombosis.
Patients may also require long-term anticoagula-
tion with an oral anticoagulant, such as warfarin,
with a targeted international normalized ratio of
2.5[12].

12.9.3 Internal Carotid Artery
Occlusion or Aneurysm
Formation

For a patient with an intracranial fungal infec-
tion who develops a sudden-onset focal neuro-
logic deficit, an immediate CT scan to rule out
an infarction or haemorrhage and an angio-
graphic investigation to detect a possible internal
carotid artery (ICA) occlusion or aneurysm for-
mation are warranted. Infection can invade the
adventitia of adjacent blood vessels, including
the retinal artery, ophthalmic artery, and ICA,
causing intracranial infection, systemic embo-
lism, intracerebral haemorrhage, subarachnoid
haemorrhage, and cerebral infarction. Sporadic
cases have shown ICA occlusion and secondary
abscess formation. Leptomeningeal collateral
circulation from cortical branches may sustain
the circulation in some cases. The treatment con-
sists of early radical debridement, drainage,
early decision of ocular exenteration (especially
for those with visual loss), appropriate paren-
teral and local amphotericin B treatment, man-
agement of underlying medical conditions, and
hyperbaric oxygen therapy [13]. A decompres-
sive craniectomy with or without resection of the
infarcted area or the endoscopic or open drain-
age of the haemorrhagic clot may be in the case
of mass effect brought about by hemispheric
infarction or haemorrhage considered [14]. A
peripheral mycotic aneurysm may require
repeated observations under the cover of antifun-
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gal medication. Endovascular coiling or stent
may be required for a proximal aneurysm arising
from a large or middle-sized artery.

12.9.4 Meningitis, Cerebritis,
and Abscess Formation

Patients with fungal meningitis may present with
fever, headache, stiff neck, nausea, vomiting,
photophobia (eyes being more sensitive to light),
and altered mental status (confusion). Samples of
cerebrospinal fluid may show fungal organisms
and a positive culture. High-dose intravenous
antifungal medications and long-term antifungal
medications orally may be required. The total
length of treatment depends on the patient’s
immune system and the type of fungus causing
the infection. Arachnoidal and pial breaches by
the fungal infection may result in cortical end-
artery thrombosis, cerebritis, and brain abscess
formation. The abscess may be drained or excised
under the cover of antibiotics and antifungal
management. Multiple pyaemic abscesses in an
immunocompromised patient usually occur due
to haematogenous spread and require anti-
oedema measures like mannitol with intravenous
antifungal management.

12.9.5 Cerebral Fungal Granuloma

Fungal granulomas may spread through the hae-
matogenous spread in immunocompromised
patients with intracranial lesions and diabetic
patients with intracranial and rhinocerebral mass
lesions. A large solitary granuloma in a non-
eloquent area may require surgical excision to
combat raised intracranial pressure. Long-term
antifungal medication may be required.

12.10 Management Nuances

A cerebral abscess (Fig. 12.12):

The initial therapy should be commenced with
broad-spectrum antibiotics and antifungal agents,
that can cross the blood-brain barrier in adequate
concentration. On aspiration of the pus, antibiotic

sensitivity reports become available. Then, spe-
cific antifungal and bactericidal agents for the
organism cultured should be administered.
Corticosteroids may be used perioperatively
to reduce intracranial pressure to avoid brain her-
niation. Seizures occur in up to 25%—43% of
cases of brain abscess. The duration of antiepi-
leptic treatment may be at least 3 months if no
more seizures have occurred. Discontinuation of
antiepileptic drugs should only be considered
when the patient is seizure-free for at least 2 years
after surgery and electroencephalogram (EEG)
shows no epileptic activity [14].

The “Infection in Neurosurgery Working
Party of the British Society for Antimicrobial
Chemotherapy” recommends surgical drainage
or excision: to reduce raised intracranial pressure
by aspiration of the cavity, to confirm the diagno-
sis, to obtain pus for microbiological diagnosis,
to enhance the efficacy of antibiotic therapy, and
to avoid the iatrogenic spread of infection into the
ventricles [15].

Emergent drainage is indicated both therapeuti-
cally and to establish the causative offending patho-
gen. Surgical excision may be the choice if the pus
is thick; the abscess is multiloculated; a subdural
empyema, a cerebellar abscess, or a brain stem
abscess is present. Multiple abscesses may require
aspiration of the largest one for diagnosis and others
if they are causing mass effects. A peripherally
placed abscess that fails to respond to aspiration
may require a craniotomy and excision [14].

Stereotactic biopsy/aspiration may be man-
dated in the case of a deep-seated (e.g. ganglionic,
brain stem, thalamus) fungal abscess or granu-
loma, the location of this lesion in an eloquent
brain region, or when the masses are multiple.
Ommaya reservoirs may be placed stereotacti-
cally into the abscess cavity, and amphotericin B
can be injected directly into the cavity [16].

An open craniotomy is performed for sus-
pected intracranial fungal mass lesions in rela-
tively accessible regions of the brain and when
perceived to be safe.

Hydrocephalus may require a cerebrospinal
fluid diversion procedure such as external ven-
tricular drainage, a third ventriculostomy, or the
placement of a ventriculoperitoneal (VP) shunt.
A fungal aneurysm may require surgical clipping
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Fig. 12.12 (a) Contrast-enhanced T1-weighted axial
view showing a well-loculated abscess in the temporal
lobe with associated perifocal oedema. (b) Contrast-
enhanced T1-weighted coronal view showing the tempo-

or endovascular coiling or stenting. The parana-
sal sinus disease may be treated with functional
endoscopic sinus surgery to remove the paranasal
sinus mass and facilitate aeration that prevents
regrowth of the fungal organisms [16].

12.11 Transcranial Approaches
to Excision of Fungal
Abscess/Granuloma or Skull
Base Extensive Lesion

Intracranial lesions: A fungal abscess or granu-
loma of the petrous bone or an otogenic fungal
abscess are likely to form an intracranial lesion in
the temporal lobe or the cerebellar hemisphere.
A temporal lesion will require a temporal crani-
otomy, and a cerebellar lesion will require a ret-
romastoid suboccipital craniotomy for excision.
A lesion extending along the frontal base from
the paranasal sinus may be accessed using a fron-

ral abscess with granulation tissue along the transverse
sigmoid junction and the temporal base. Using temporal
craniotomy, this abscess was aspirated and then excised

tal craniotomy or a minimally invasive supraor-
bital craniotomy.

A surfacing abscess or granuloma at the grey-
white matter junction in the frontal, parietal, or
occipital lobe is usually due to haematogenous
dissemination. It may be removed using a corre-
sponding frontal, parietal, or occipital craniot-
omy, respectively.

A frontotemporal trans-sylvian approach may
be required for a lesion in the sellar-suprasellar
region with or without a parasellar, cavernous, or
retrosellar extension. Four corridors may be used
to access the lesion: interoptic, optico-carotid,
lamina terminalis, or carotico-oculomotor.

A lateral rhinotomy may also be used for a
sellar-suprasellar lesion with or without sphenoid
sinus extension.

An intradural (trans-sylvian and subtemporal)
approach may be used for a sellar-suprasellar lesion
with or without a predominantly middle fossa base/
cavernous sinus and or retrosellar extension.
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An anterior or posterior interhemispheric
approach may be used for a lesion situated in the
anterior or posterior interhemispheric fissure,
respectively.

A frontal parasagittal transcortical or transcal-
losal approach may be used for accessing intra-
ventricular granulomas or abscesses.

Extracranial extensive lesions at the skull
base require extradural approaches:

e The frontal skull base approaches: Minimally
invasive endoscopic or microscopic trans-
sphenoidal approaches may be used for lesions
with sellar-suprasellar and sphenoid sinus
lesions predominantly occupying the midline.
An extended trans-sphenoidal approach may
be used for a lesion spreading along the ante-

Fig. 12.13 (a) Mucormycosis granulation tissue along
the frontal base and orbital roof bilaterally (arrow) caus-
ing mild orbital proptosis; (b) granulation tissue in the
cavernous sinus (arrow); (¢) a temporal abscess with satel-

rior skull base to the tuberculum sellae, pla-
num sphenoidal, or the cribriform plate up to
the frontal sinuses or the medial portion of the
orbit [17].

An extended frontobasal approach may be uti-
lized for an extensive skull base lesion extend-
ing from the anterior paranasal sinuses and
nasopharynx right up to the clival region.

e Lateral skull base approaches (Figs. 12.13,
12.14, and 12.15): a transzygomatic fronto-
temporal craniotomy with interdural dissec-
tion of the temporal dura from the cavernous
sinus dura helps access cavernous sinus and
the extradural skull base from the lateral
aspect. A subtemporal approach and an ante-
rior petrosectomy help in accessing the lesion
located at the petrous apex.

lite lesions along the Sylvian fissure (arrow); (d) granula-
tion tissue in the sella and bilateral cavernous sinuses
encasing the internal carotid artery (arrow)
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Fig. 12.14 (a) A frontotemporal craniotomy with orbito-
zygomatic osteotomy with the reflection of the temporalis
muscle exposes the frontotemporal dura; (b) opening the
dura exposes the frontal and temporal lobes and the inter-
posed Sylvian fissure. The temporal lobe appears bulged;

Finally, posterior petrosectomy helps access
an extensive fungal invasive lesion of the mas-
toid and posterior petrosal region.

12.12 Causes of Prolonged
Morbidity and Mortality

Raised intracranial pressure due to the presence
of multiple or extensive fungal lesions with or
without perifocal oedema may cause obtundation
due to subfalcine, transtentorial, or tonsillar her-
niation. An extensive meningoencephalitis or

(c) the elevated bone flap is demonstrated; (d) the tempo-
ral lobectomy with excision of the temporal abscess
exposes the granulation tissue of mucormycosis at the
temporal base

ventriculitis due to a fungal infection may result
in a significant morbidity. The development of
acute hydrocephalus may also result in sudden
neurological deterioration.

Vascular invasion with the formation of a
pseudo-aneurysm with subsequent haemorrhage,
arterial occlusion or dissection with the develop-
ment of infarction, and cortical venous or venous
sinus infiltration and occlusion resulting in
venous thrombosis may result in prolonged and
persistent morbidity.

Fungal sepsis, particularly in immunocompro-
mised individuals, may also result in encephalitis.
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Fig. 12.15 (a) The excision of the mucormycosis granu-
lation tissue at the temporal base exposes the temporal
dura until the tentorium cerebelli; (b) the black granula-
tion tissue of mucormycosis is seen at the temporal base;

12.13 Conclusion

Rhinocerebral mucormycosis requires an early
diagnosis, surgical decompression, and a com-
plete course of antifungal therapy. Multi-
speciality care is usually required to combat the
infection as well as its sequelae.
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Palatal Disease
in Rhino-Orbito-Cerebral

Mucormycosis

13

Aditya Moorthy and Tulasi Nayak

13.1 Introduction

Mucormycosis was a rare but devastatingly dis-
figuring disease caused by a group of mucormy-
cetes mould with a very high mortality rate
(>50%) [1, 2]. Early diagnosis and aggressive
treatment are vital. In spite of it, survivors are left
with complex craniofacial defects affecting both
form and function.

With mucormycosis primarily originating in
the paranasal sinuses, bony involvement is com-
mon [3]. The basic pathology is the avascular
necrosis secondary to transmural fungal invasion
of both the small and medium blood vessels [4].
The extent of angioinvasion and the involved
blood vessels determines the degree of avascular
necrosis. Aggressive surgical management of
palatal disease is vital to preserve adjacent unin-
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volved bone, halt disease progression and prevent
disease resurgence [5, 6].

The aim of surgical resection in invasive
fungal infection is the reduction of disease
(fungal) burden and excision of all devascular-
ized tissue to enable effective antifungal ther-
apy [6]. The philosophy is similar to limb
salvage surgery where an infected part is
removed to save the rest of the limb. Since dis-
ease eradication isn’t the surgical objective,
enbloc resection isn’t always necessary or pos-
sible. Bone removal follows the surgical phi-
losophy of osteomyelitis management rather
than oncological principles.

13.2 Anatomy of Palatal Spread
of Mucormycosis

There are three probable routes of fungal spread to
the infrastructure of the maxilla, pterygopalatine
fossa (Fig. 13.1a) and palatal alveolus. The first
and most common is contiguous spread of antral
disease. The second is angioinvasion of blood ves-
sels, commonly the descending palatine, greater
palatine and the infraorbital vessels. Lastly, infec-
tion could spread via the socket of a fresh extrac-
tion socket (Fig. 13.la). Once bony invasion
occurs, it results in rapid spread along the medul-
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Fig. 13.1 (a) Pterygopalatine fossa. (b) Bilateral greater palatine foraminae

lary spaces resulting in avascular necrosis with or
without supervening bacterial infection.

If the palate (infrastructure maxilla) is involved
primarily, it is prudent to address it surgically in
an aggressive manner as contiguous involvement
of the retromaxillary area and pterygopalatine fis-
sure are precursors to orbital involvement and
spread of infection to the skull base.

13.3 Clinical Presentation

History taking is of critical importance in deter-
mining current or impending involvement of the
infrastructure of the maxilla. A referral made by
a dentist to the ENT/maxillofacial surgeon
should raise the index of suspicion of bony
involvement. Likewise, sudden mobility of hith-
erto firm teeth, acute-onset periodontal disease
and recent dental extractions in the background
of a possible diagnosis of CAM should be con-
sidered strong indicators of palatal involvement.

With the fungi having different portals of
entry available into the bony maxilla, the clinical
presentation doesn’t follow a set pattern, and
consequently, the signs and symptoms do not
necessarily follow one another and do not reflect
an increasing severity of involvement.

13.4 Signs of Palatal Involvement

e Bogginess of the palatal mucosa (Fig. 13.2)

e Obliteration of palatal rugae (Fig. 13.2a)

e Duskiness of palatal mucosa that is often
clearly delineated (Figs. 13.2 and 13.3)

*  Mucopurulent discharge and sinus formation
(Fig. 13.4)

* Exposed palatal bone and soft tissue necrosis
(Fig. 13.5)

e Discharging sinuses in the labial alveolus
(Fig. 13.6)

e Obvious avascular necrosis with maxillary
mobility (Fig. 13.7)

13.5 Symptoms of Palatal
Involvement

e (Odd taste in the mouth

* Mobility of teeth

* Mobility of the entire palate (elicited by grip-
ping the front teeth between thumb and fore-
finger and tugging gently)

e Spontaneous exfoliation of teeth.

e Nasal regurgitation.

e Primary palatal pain is surprisingly uncommon.
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Fig. 13.3 Early palatal erosion with surrounding muco-
sal duskiness

Early palatal involvement presents with subtle
clinical signs like duskiness of the palate and
early mobility of teeth. The fear of overtreating
the patient surgically creates a vexing dilemma.
A close watch on these patients is warranted to
ensure early re-intervention. Late disease pro-
gression to involve the palate occasionauy occurs, Fig. 13.4 Palatal mucosal erosion with discharging sinus
and recurrent or progressive involvement isn’t
rare. Treatment planning, especially reconstruc-
tion, should account for these possibilities.
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Fig. 13.7 Avascular necrosis of maxilla

13.6 Diagnostic Imaging

Imaging plays two vital roles in the management of
mucormycosis [2, 3, 7]. One, the diagnosis of clini-
cally ambivalent disease and two, providing details
of the spread and extent of bony involvement for
subsequent reconstruction and rehabilitation [3].
The complexity of the infected environment with a
mix of soft tissue and bony disease requires multiple
imaging modalities for accurate diagnosis.

Conventional (plain) radiography is of limited
value to assess this composite hard and soft tissue
infection. The mainstay for imaging the bony
maxilla remains the CT scan, and contrast-
enhanced CT is highly recommended for accu-
rate definition of infected bone. This remains the
ideal scan for established bony disease [3]
(Figs. 13.8, 13.9, and 13.10).

However, with CAM assuming epidemic pro-
portions, the medical community developed a
high index of suspicion and CAM was diagnosed
early in the clinical course of the disease. CT
images only capture disease with gross bony dis-
ease, and early scans with little changes can lull
the surgeon into the false sense of confidence that
the disease is limited to the paranasal sinuses. In
such situations, MRI scans provide information
that both supplements and complements the CT
scans [8]. Three-dimensional reconstructions are

Y

Fig. 13.8 Axial section showing erosions on the palate
and maxillary alveolus
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Fig.13.10 Coronal section showing erosions in the max-
illa and frontal bone

useful in both surgical planning and patient edu-
cation (Figs. 13.12, 13.13, and 13.14).

Early changes seen in MRI scans (especially
contrast enhanced ones) include marrow oedema
and subperiosteal erosions. Subperiosteal abscess
tend to appear bright on T2-weighted images.
Fat-suppressed images are required to ensure adi-
pose tissue doesn’t muddle the margins.
T1-weighted images, especially in well-
established diseases, display the characteristic
loss of enhancement (LOE) (Fig. 13.11).

Fig. 13.11 T2W and T2W IRFSE sequences showing
edematous fat stranding and inhomogeneously enhancing
soft tissue thickening in the retromaxillary region extend-
ing into the pterygopalatine fossa medially

Fig. 13.12 Three-dimensional reconstruction of bony
erosions on maxilla and alveolus

13.7 Treatment Planning
and Decision Making

in Palatal Surgery

Asymptomatic and radiologically uninvolved
palates in mucormycosis involving the maxilla
do not need specific intervention. However,
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Fig. 13.13 Three-dimensional reconstruction of bony
erosions on the alveolus

Fig. 13.14 Three-dimensional reconstruction of bony
erosions on palate

extreme attention to detail is necessary to rule out
palatal involvement. Thorough historical, clinical
and radiological assessment might provide clues
towards involvement of the palate. Subtle signs
like duskiness of the palatal mucosa, acute onset
of periodontal inflammation and mobility of teeth
may indicate early palatal involvement and
warrant close follow-up. Gross signs and symp-
toms like tissue necrosis, bony exposure, seques-
tration and alveolar mobility will require
aggressive resection/debridement till necrotic tis-
sue is removed and healthy bleeding bone is
encountered [9].

When partial/subtotal palatectomy is per-
formed and when the surgeon can be sure that
some amount of the alveolus can be preserved, it
is very useful to obtain dental impressions and
fabricate an immediate palatal obturator/healing
plate if time permits. However, the patient will
need to be counselled that he/she may require
nasogastric feed in the short term in spite of the
prosthesis.

While enbloc resection isn’t a requirement,
in gross maxillary bony disease, well-delin-
eated bone may allow for expeditious removal
of the involved palate. In cases where doubt
exists regarding the involved bone, incremen-
tal removal of bone with a rongeur will allow
us to achieve clearance of diseased bone with-
out loss of normal tissue. Segmental avascular
necrosis is noted mostly along the distribution
of involved blood vessels. This is commonly
seen in the hemi maxilla when the descending
palatine artery is involved, and the premaxilla
with the involvement of the infraorbital neuro-
vascular bundle. With significantly destructive
pan-sinus disease, the entire infrastructure of
the maxilla can undergo avascular necrosis
secondary to the involvement of bilateral
descending/greater palatine disease. Bony
necrosis often precedes soft tissue necrosis
[10], and in several instances, the mucoperios-
teum of the palate can be predicably preserved
because of its collateral blood supply from the
twigs of the ascending pharyngeal vessels via
the soft palate. It also follows that soft tissue
breakdown and bone exposure are pathogno-
monic of necrosis of underlying bone.

13.8 Surgical Treatment
Objectives

As discussed earlier, enbloc resection of the
necrotic palate is a procedure of convenience
rather than necessity. As a consequence, most of
the maxillectomies including the ones involving
the orbital floor can be performed transorally with
a gingival crevicular incision entirely obviating the
need of a Weber Ferguson incision and avoiding a
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facial scar. Even total (bilateral) maxillectomies
can be performed and the specimen can be deliv-
ered transorally by the simple expedient of sec-
tioning it into two or more pieces. Also, unlike
osteomyelitis secondary to bacterial infection, it is
not adequate to just rid the maxilla and the palate
of devascularized bone and its attendant involucra
and sequestrae [11]. Owing to the angioinvasive
nature of the disease, it is vital to excise the entire
neurovascular bundles when encountered to pre-
vent further anterograde and retrograde spread of
the disease whenever possible.

Furthermore, great care should be taken in
preserving every bit of vital mucosa to prevent
unnecessary oroantral/oronasal communication
and minimize their size if they were to occur. It
is extremely helpful to preserve as much denti-
tion as possible but not at the cost of leaving
visible disease and obvious necrotic tissue
behind.

13.9 Surgical Technique:
(Figs. 13.15,13.16,13.17,13.18,
13.19,and 13.20)

Palatal surgery is often performed in conjunction
with endoscopic sinus debridement precluding
the possibility of naso-tracheal intubation. While
a tube change can be performed following endo-
scopic surgery, it is often cumbersome and
unnecessary. A submental intubation or trache-

Fig. 13.15 Intraoral crevicular incision and exposure of
necrotic bone

Fig. 13.17 Palatal exposure and bony cuts

ostomy can be considered to free the oral cavity
of the endotracheal tube but is rarely necessary.
A tracheostomy should be considered in the
event of postoperative or other general consider-



172

A.Moorthy and T. Nayak

r

a

IIIIIIHIIHHHI i
Py

"

i &i«a—

RORH

Fig. 13.20 Piecemeal excision of necrotic palate

ations. Unless the tissue is frankly necrotic an
incision is placed with a no 15 Bard Parker Knife
into the gingival crevice extending across the
labial aspect of the maxilla. This incision can be

extended along the maxillary tuberosity if
required. The procedure is repeated on the pala-
tal aspect, and the tissue is reflected off the
underlying bone beginning from around the neck
of the teeth (Figs. 13.15 and 13.16). The dissec-
tion is maintained on a subperiosteal plane along
its entirety where mucoperiosteal elevation can
be performed with ease. If needed the nasopala-
tine neurovascular bundle can be coagulated
with diathermy and sectioned. The labial reflec-
tion of mucosa is carried on till healthy bone is
visualized. The procedure is repeated on the
palatal aspect exposing the palatal shelf and
vault to the required extent. When necessary, the
greater palatine artery on one side can be safely
coagulated and divided with little risk of further
necrosis.

On occasion, the avascular necrosis is advanced,
and a mobile maxilla can be eased out with gentle
digital pressure following division of the soft tis-
sue attachments. More often it is ideal to use a
reciprocating saw from the tuberosity to the nasal
aperture protecting the nasal mucosa. Following
removal of the palate/infrastructure maxilla, the
area of the thrombosed greater palatine artery is
inspected to ensure that there is no risk of bleeding
and the artery is clipped if in doubt. It is prudent to
place the primary osteotomy cut a millimetre or so
within the necrotic bone (Fig. 13.17). The rema-
nent necrotic bone can be incrementally removed
either by hand or by rotary instrument (Figs. 13.18,
13.19, and 13.20).

We recommend a ribbon gauze soaked in
BIPP (Bismuth Iodoform Paraffin Paste) to
be placed in the wound bed with the end
brought out through the nose or the oral cav-
ity. Closure is achieved placing interrupted
mattress sutures using a resorbable suture
material (Fig. 13.21).

13.10 Postoperative Course

13.10.1 Wound Care

The BIPP pack remains in situ for the first
7 days as it doesn’t necessarily require any
change [12]. In cases where no oroantral com-
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munication exists, the BIPP pack is removed
and is not replaced. In case of loss of palatal
mucoperiosteum and/or oroantral or oronasal
communication, the BIPP pack is replaced
weekly till an interim dental obturator can be
fabricated at the end of 3 weeks. Oral care con-
sists of mouth washes four to six times a day
and gentle brushing of remaining teeth on the
unoperated side and the mandible. The patient
remains on nasogastric tube feed till primary
healing is complete. In cases where the palatal
mucosa is mostly untouched, the final healing is
extremely satisfactory and oral feeds can com-
mence as early as 10 days postoperatively
(Fig. 13.22).

In spite of the significant morbidity and impact
on the quality of life, reconstruction is deferred in
most cases due to the aggressive nature of the dis-
ease and the need for frequent wound bed
inspection.

13.10.2 Complications

Postoperative bleeding can be expected either in
the immediate 48 h or following primary pack
change in occasional cases. Late bleeding can
also occur as a part of disease progression and
vascular erosion [13].

In cases where significant palatal mucosa has
been removed, micro-aspiration is a possibility.
Oronasal/oroantral communication causes nasal
regurgitation, and nasal air escape can cause sig-
nificant speech disturbance and subsequent diffi-
culty in communication. Gross weight loss and
nutritional deficiencies can occur owing to the
disruption of both masticatory function and
deglutition.

The loss of dentition, especially anterior teeth
and anterior nasal spine will lead to significant
cosmetic deformity due to the collapse of the
lower midface (Figs. 13.23a, b).

Fig. 13.21 Closure

Fig. 13.22 Late postoperative view of oral mucosa spar-
ing maxillectomy

Fig. 13.23 (a) Midface deficiency following total maxillectomy; frontal view. (b) Midface deficiency following total
maxillectomy; lateral view
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13.11 Postoperative Rehabilitation

13.11.1 Objectives of Inmediate
Rehabilitation

e Separation of oral and sino-nasal cavities
* Restoration of deglutition

* Restoration of speech

e Restoration of appearance

In the immediate postoperative period, the
patient needs to be provided a semblance of
normalcy. In cases of oncological resection or
osteomyelitis (bacterial resection), immediate
reconstruction with aloco regional flap (FAMM/
temporalis flaps) or microvascular free tissue
transfer achieves most of the objectives and
provides a foundation for long-term rehabilita-
tion [14]. However, immediate reconstruction
is precluded in cases of aggressive and rapidly
progressing mucormycosis as medical treat-
ment follows for several months and there is a
distinct possibility that the patient will require
further intervention. Moreover, any procedure
that plugs the surgical cavity as a part of recon-
struction also renders that the area is unavail-
able for visual inspection. For these reasons,
reconstruction is delayed by several months.
When possible, the immediate obturator serves
to separate the oral from the sino-nasal cavities
and facilitates speech and swallowing [15]. In
most cases, when only one side of the maxilla is
involved, an interim obturator can contain teeth
to make up for the cosmetic deficit. As heal-
ing progresses, the interim obturator may be
modified several times and a final obturator is
planned when the patient is considered disease
free.

13.11.2 Reconstruction
of the Maxilla

Unilateral maxillary defects are best managed
with a maxillofacial tooth-bearing prosthesis.
Loco regional reconstruction can be achieved by
a temporalis flap, and larger defects of the max-
illa would require free tissue transfer. While the

rectus abdominus and anterolateral thigh flaps
have been used, they tend to be bulky and not
receptive to further dental rehabilitation [16]. A
microvascular free fibula flap would provide a
bony base for final dental rehabilitation with
osseointegrated dental implants.

With the advent of zygomatic implants,
patients with a disease-free zygomatic complex
can receive complete dental rehabilitation based
on these implants alone [17]. This is especially
true when the entire palatal mucosa has been pre-
served and the patient’s rehabilitation require-
ment is purely one of dentition. With these many
options, it is evident that the decision of recon-
struction is highly individualized and is made on
a case-to-case basis. The results are both func-
tionally and aesthetically satisfying.

Three-dimensional printing technology has
simplified complex craniofacial implant-based
reconstruction to a great extent, ensuring predict-
able and reproducible results [18]. Computer
generated programs, combined with accurate
preoperative assessment of bone quality ensure
the placement of implants accurately. Implant
placement guides can be fabricated virtually, and
implants can be placed with precision, eliminat-
ing the need to ‘eyeball’ the position of these
implants (Figs. 13.24, 13.25, 13.26, and 13.27).
With this, immediate fabrication and loading of
the dental prosthesis is possible—significantly
reducing the downtime of the entire process. This
advance in technology and material science has
ensured that implant-based reconstruction is a
viable alternative to traditional techniques
(Figs. 13.28, 13.29, 13.30, 13.31, 13.32, 13.33,
13.34, 13.35, 13.36, 13.37, and 13.38).

Fig. 13.24 Virtual planning for zygomatic implants
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Fig. 13.25 Three-dimensional printed drill guides—to
assist accurate placement of zygoma implants

Fig. 13.28 Unilateral palatal defect

Fig. 13.26 Implant placement

Fig. 13.27 Final prosthesis in situ

Fig. 13.30 Midface deficiency lateral view
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Fig. 13.31 Three-dimensional printed planning model Fig. 13.34 Implant with prosthetic framework

Fig. 13.36 Dental model with prosthetic framework

Fig. 13.33 Post-implant placement
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Fig. 13.38 Final prosthesis in situ

13.11.3 Long-Term Rehabilitation

Following reconstruction, it is imperative that the
patient is treated holistically. Most patients will
require further speech therapy despite excellent
reconstructive effort. Final dental rehabilitation
may take as long as 3 months following the sec-
ondary reconstruction.

13.12 Conclusion

Mucormycosis is a long-drawn disease with far-
reaching implications. The patients feel the after-
effects of medical and surgical therapy for months,
and perhaps years after the disease. It has an immense
impact on the social, financial and emotional

well-being of the patient, and it is incumbent on the
treating doctors to understand and empathize.
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Nishi Gupta, Rafal Nowak, and Shreya Aggarwal

A unique chapter on lacrimal drainage system
(LDS) in rhino-orbito-cerebral mucormycosis
(ROCM) is included to highlight the vari-
ous changes in LDS (especially the lacrimal sac
and nasolacrimal duct) seen during surgical
management of ROCM in covid pandemic.
Never before have such a large number of sac
and nasolacrimal ducts been investigated for
the amount of their involvement in mucormyco-
sis as well as their microbiological and histo-
logical features.

Endoscopic Cleaning of pterygopalatine
fossa (PPF) needs endoscopic median maxillec-
tomy for surgical care of ROCM. In all the
cases where medial wall of maxilla is
removed, the nasolacrimal duct (NLD)
is exposed. The clinical presentation of mucor-
mycosis involving LDS, imaging, diagnostic
confirmation, surgical methods involving the
handling of LDS, and LDS involvement in asper-
gillosis in comparison to mucormycosis are all
discussed in this chapter.
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14.1 Various Appearances

of the sacand NLD

The steps for exposing the sac and NLD are the
same as those outlined in the chapter on surgical
management of ROCM. All of the cases under-
went drilling of the bone covering the sac and
NLD after a control hole was drilled in anterolat-
eral wall of maxilla during Denker’s modified
medial maxillectomy. In cases with disease lim-
ited to the pterygopalatine fossa, the NLD wall
may not be impacted (Figs. 14.1, 14.2, and 14.3).
NLD is traced upto the lacrimal sac and the lower
part of the sac is also examined. For the complete
clearance of disease from pterygopalatine fossa,
NLD needs to be severed. In an oblique fashion,
it is sliced flush with the orbital floor. The sac is
left in place, and the oblique cut creates a larger
lumen in the sac, allowing for tear drainage. The
resected NLD is examined (Figs. 14.4, 14.5, and
14.6) and while resecting no part of NLD
should be left hanging in the nasal cavity. Any
remaining NLD left hanging into the nose under-
goes fibrosis, closure and causes epiphora.

In the case of inflammatory tissue and muco-
purulent discharge filling the antrum, the NLD
wall was involved with bluish discolouration and
thick wall (Fig. 14.7). After removing the inferior
turbinate (yellow arrow) the distal end of NLD
was examined using a probe in situ (black arrow)
(Fig. 14.8). The NLD was split vertically, and the
inspissated purulent discharge and inflammatory
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Fig. 14.1 Endoscopic view of the right nasal cavity dem-  Fig. 14.3 A view of the lower part of the right sac
onstrating a thin-walled nasolacrimal duct (NLD) with the  and NLD from a close distance

disease in the right maxillary antrum. (PPF Pterygopalatine

fossa)

SEPTUM

Fig. 14.2 A pinkish lower part of the sac and NLD with Fig- '.|4-4 A pair of scissors is inserted at the sac duct
normal walls in a case of limited disease. (MA Maxillary ~ junction
antrum, MT Middle turbinate)

tissue were removed from the antrum (Figs. 14.9  In such cases, the frontal process of maxilla is
and 14.10). The NLD lumen was found to be pat-  drilled higher up until the orbital floor so that no
ent with only the inflammatory alterations in the bone is left over the sac duct junction (Fig. 14.14).
wall (Fig. 14.11). The NLD was cut out and ana- It allows NLD severance more proximal with no
lysed (Fig. 14.12). postoperative epiphora (Fig. 14.15).

In cases of extensive disease filling the nose, In cases where the lower part of the sac is seen
maxillary sinus, pterygopalatine fossa, the NLD on proximal drilling of the bone that looks
was thickened, pale and thrombotic (Fig. 14.13). healthy (Fig. 14.16), it can be marsupialized at
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Fig. 14.5 The NLD is incised at sac duct junction and
flushed to the orbital floor so that it does not hang into the
nose

Fig. 14.6 The removed NLD is pinkish in colour and
appears to be free of inflammation

this level. In other cases, the bone of the frontal
process of the maxilla may look unhealthy. The
underlying sac and NLD are often thrombosed

Fig. 14.7 An oedematous bluish and inflamed lacrimal
sac and NLD appears to be surrounded by disease
filled maxillary. (MA Maxillary antrum, Ls Lacrimal sac,
NLD Nasolacrimal duct)

Fig. 14.8 The inferior meatus (yellow arrow) with a
probe in situ (white arrow) in the distal opening of NLD.
(MT Middle turbinate)

and may need a more superior resection
(Figs. 14.17 and 14.18).

The full NLD appearance in cases of signifi-
cant orbital disease may vary from a damaged fri-
able and inflamed NLD to a whitish necrotic
rope-like structure (Figs. 14.19 and 14.20). In a
widespread disease a completely melted NLD
remnant may be visible (Fig. 14.21).
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Fig.14.9 The NLD is split open vertically (MA Maxillary
antrum)

Fig.14.10 The lumen of NLD seems clean, but the puru-
lent discharge can be observed flowing out of the maxil-
lary antrum (MA Maxillary antrum)

14.2 Clinical Presentation
of Mucormycosis
Involving LDS

Patients with LDS involvement in ROCM presented
with a variety of clinical symptoms, which varied
depending on the severity of the cases. Epiphora,
necrosis of the skin around the medial canthal (Fig.
14.22), and a large fistula involving the punta and
canaliculi were among the symptoms.

N. Gupta et al.

Fig. 14.11 Antrum is cleared, and the probe is rotated in
all the directions to examine the NLD lumen

14.12
oedematous

Fig. Excised NLD looks inflamed and

14.3 Imaging

CT scans and MRI revealed involvement of the
LDS as a component of other sinonasal struc-
tures. LDS lesions were seen as a hypodense
mass with evidence of soft tissue density lesion
on coronal CT section in the left lacrimal sac area
with distorted bony NLD, compared to a normal
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Fig. 14.13 In a case of disease filling the antrum, the
NLD looks pale and unhealthy. (PPF Pterygopalatine
fossa) (Photo courtesy: Dr Satish Jain Jaipur)

Fig. 14.14 The overlying bone is drilled all the way to
the sac duct junction (white arrow), and then the bone is
drilled till the orbital floor (white arrow) (Photo courtesy:
Dr Satish Jain Jaipur)

nasolacrimal system on the right side (Figs. 14.23
and 14.24). On axial sections, the disease was
seen in the left maxillary antrum reaching up to
the NLD and lamina papyracea (Fig. 14.25). On
gadolinium-enhanced MRI, different zones of
enhancement and non-enhancement were
detected in the lacrimal sac and surrounding eth-
moid cells in an extensive case of ROCM
(Fig. 14.26).
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Fig. 14.15 The NLD is cut flush with the orbital floor
(Photo courtesy: Dr Satish Jain Jaipur)

Fig. 14.16 The level of a marsupialization of the lacri-
mal drainage system is determined by the sac’s state. The
lower section of the sac is exposed in this case the sac, and
it appears to be healthy (black circle). A sharp incision is
given to cut the NLD obliquely (Photo courtesy: Dr Satish
Jain Jaipur)

14.4 Diagnostic Confirmation
14.4.1 Microscopy

The material is inoculated on Sabouraud dextrose
agar and brain heart infusion agar [1] (Fig. 14.27).

Direct microscopy allows for a rapid diagno-
sis based on septation, angle of branching and
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Fig. 14.17 1In cases of extensive disease filling the ptery-
gopalatine fossa, the frontal process of the maxilla is gen-
erally unhealthy. On drilling it, a totally thrombosed NLD
can be noticed (Photo courtesy: Dr Satish Jain Jaipur)

Fig. 14.19 In an instance of significant disease a friable
necrotic and sloughed-out right NLD was seen (arrows)
(PPF Pterygopalatine fossa) (Photo courtesy: Dr Satish
Jain Jaipur)

Fig. 14.18 When probing the cut end no lumen could be
found

width of the hyphae. Potassium hydroxide (KOH)
mount in 10-20% KOH preparation reveals char-
acteristic broad, ribbon-like aseptate hyphae of
Mucorales on direct microscopy. Under a fluores-
cent microscope KOH-Calcofluor white solution
enhances the visualization of the fungal element
in specimens.

14.4.2 Histopathology
Histopathology revealed fungal hyphae with a

ribbon-like appearance with random branching at
various angles (Fig. 14.28).

Fig. 14.20 A completely necrotic thinned-out rope-like
NLD with slough and blackish discolouration (PPF
Pterygopalatine fossa) (Photo courtesy: Dr Satish Jain
Jaipur)

14.5 NLD as a Possible Disease
Spread Route to the Orbit

NLD has been mentioned by several publications
as a probable route of spread of disease transmis-
sion from the nose to orbit [2-7].

According to them, the orbital involve-
ment is caused by nasolacrimal duct invasion
which then spreads to the orbit via the thin medial
orbital wall [2]. However, there was no spe-
cific evidence for us to prove that. The inferior
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Fig.14.21 A melted and damaged NLD (Photo courtesy:
Dr Satish Jain Jaipur)

Fig. 14.22 External photograph of a patient with mucor-
mycosis of the lacrimal drainage system (LDS), showing
the diffuse involvement of the puncta and canaliculi sec-
ondary to the involvement of sinuses

meatus was normal, and in the cases where NLD
was patent, the medial canthal area was pressed,
and the discharge could be seen accumulating at
the distal end of NLD, indicating a patent NLD
(Fig. 14.29). A sample from this location was
sent to the lab for fungal culture (Fig. 14.30),
which was found to be mucor free. Patients, how-
ever, did have orbital disease indicating a differ-
ent route of dissemination.

In cases of widespread disease, NLD itself
was engulfed and eroded by the disease that sur-
rounded it from all sides. In advanced cases, the
orbital disease was massive, pterygopalatine
fossa was filled with the disease and NLD had
secondary involvement. It suggests that the dis-

Fig. 14.23 Computed tomographic scan of the patient
demonstrating soft tissue density in the left maxillary antrum
and ethmoid cells along with the involvement of left LDS
(yellow arrow) and a normal LDS on the right (red arrow)

Fig. 14.24 Computed tomographic scan coronal section
showing soft tissue density filling the left-sided sinuses
with involvement of the lacrimal drainage system

ease did not spread to the orbit through
NLD. There was no instance in which NLD
involvement and infiltration with the mucormy-
cosis was greater than the surrounding disease,
and vice versa. It appears that NLD involve-
ment was secondary in all of these cases.

There has never been a comprehensive exami-
nation of the extent and kind of LDS involvement
as well as emergence and therapy in invasive fun-
gal infections.
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Fig. 14.25 Erosion of the left bony NLD with opacified
maxillary antrum

Fig. 14.26 MRI showing diverse areas of enhancement
and non-enhancement in the right lacrimal sac is in a case
with widespread disease

14.6 Surgical Procedures
Involving LDS

LDS is a vital structure that we come across dur-
ing the management of various sinonasal condi-
tions like inverted papilloma, juvenile
nasopharyngeal angiofibroma, sinonasal tumours
and invasive fungal disorders of the sino-orbital
areas. The approaches involving LDS are
Denker’s modified medial maxillectomy in which

Fig. 14.27 Fungal growth was seen on Sabouraud agar
and brain heart infusion agar

Fig. 14.28 Fungal hyphae with a ribbon-like appearance
with random branching at variable angles (Photo cour-
tesy; Dr Aanchal Kakkar, AIIMS Delhi)

a window is created first and then distal half of
the sac and the nasolacrimal duct are exposed
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Fig. 14.29 Discharge can be seen flowing into the nose
through the NLD opening into the inferior meatus (arrow),
on pressing over the medial canthus. IT; Inferior turbinate

swab from the inferior meatus is

Fig. 14.30 A
obtained and sent for culture

(Figs. 14.31, 14.32, and 14.33). In Denker’s NLD
is severed to access the disease in the pterygo-
palatine fossa while in prelacrimal approach
NLD may be preserved.

Denker’s modified medial maxillectomy
approach is the most popular approach for access-
ing the disease in the maxillary sinus, pterygo-
palatine fossa and infratemporal fossa [8—11].
The classic medial maxillectomy involves the
resection of the whole medial maxillary sinus

Fig. 14.31 Dirilling a hole into the anterolateral wall of
the maxilla for the inspection of disease inside the antrum
during Denker’s medial maxillectomy

Fig. 14.32 Maxillary antrum has been opened up and
can be seen filled with the disease (star). The medial wall
of the maxilla overlying the NLD is still intact

wall, including the inferior turbinate and the
nasolacrimal duct [12-14].

The prelacrimal approach is used to gain
improved access by resecting a part of the piri-
form aperture and the anterior wall of the maxil-
lary sinus. In this approach, inferior turbinate is
temporarily displaced to gain access and
then repositioned to reduce morbidity. This proce-
dure provides excellent visualization of the ante-
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rior wall of the maxillary sinus and the prelacrimal
recess. It allows the inferior turbinate and the
nasolacrimal duct to be preserved [15-28].

14.6.1 Medical Management

Liposomal amphotericin B is the medication of
choice for mucormycosis. The chapter on antifun-
gal treatment has more information on the doses
and types of amphotericin B that are available.

There are only a few cases of primary mucor-
mycosis of the lacrimal sac in the literature. One
of them is of a 72-year-old woman with sev-
eral dacryoliths and mucormycosis on histopa-
thology [29]. Another patient was a known case
of diabetic ketoacidosis who was operated for
lacrimal sac infection, and on histopathology
revealed mucormycosis [30].

Let us look at the other type of invasive fungal
infection of the lacrimal sac, aspergillosis,
which was seen during the Covid epidemic.

14.7 Aspergillosis of the LDS

Aspergillosis is a slower-progressing lesion of
the LDS as compared to mucormycosis and is
also less deadly. Owing to slow progression,
sometimes patients present with lacrimal sac

Fig. 14.33 Premaxillary approach: the NLD (right side in
this case) can be kept intact depending on the indication

N. Gupta et al.

abscesses, and the biopsy reveals aspergillosis. A
case of aspergillosis masquerading as lacrimal
sac abscess has been reported [31].

14.7.1 Clinical Presentation

The presenting symptom in invasive aspergillosis of
LDS is epiphora with medial canthal swelling.
However, as previously mentioned, it can present as
a lacrimal sac abscess, which can cause confu-
sion for the surgeon, and if a biopsy is not performed
during surgery, the diagnosis may be missed.

Epiphora is generally the first sign followed
by swelling that develops after a long gap. It
shows that NLD is the earliest site of aspergillo-
sis inoculation, as its narrow lumen causes it to
get clogged early. Further disease progression
develops a mass lesion in the lacrimal sac, which
starts distending and manifests as a swelling in
the medial canthal region.

14.7.2 Examination

External examination shows a mass in the medial
canthal area extending laterally along the inferior
lid margin (Fig. 14.34). Nasal endoscopy shows a
bulge over the lateral wall encroaching the
premaxillary line with prominent blood vessels
across it (Fig. 14.35).

14.7.3 Imaging in Aspergillo

A significant soft tissue mass in the right lacri-
mal fossa, a breach in the lacrimal bone and

Fig. 14.34 External photograph of a patient with inva-
sive aspergillosis of the right lacrimal drainage system
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Fig. 14.35 An endoscopic view of the right nasal cavity
with a protrusion in the nasolacrimal area

lamina papyracea with soft tissue extension into
the ethmoid sinuses can be seen on computed
tomography (CT) scan coronal (Fig. 14.36),
axial (Fig. 14.37) and sagittal sections
(Fig. 14.38) in aspergillosis of the lacrimal sac.
An extension of the soft tissue oedema into the
inferior meatus is seen.

14.7.4 Management of Aspergillosis
of the Lacrimal Sac

In aspergillosis, unlike LDS mucormycosis, the
whole sac and NLD are filled with a solid mass.
Coblation of the prominent vessels over the
bulging lateral wall is one of the measures in
treating LDS aspergillosis (Fig. 14.39). After
that a blunt periosteal elevator is used to make
an incision. The frontal process of maxilla is
seen after the dissected portion is lifted and
removed (Fig. 14.40).

The bone of the frontal process of the maxilla
is removed using a Kerrison punch (Fig. 14.41).
The lacrimal sac is opened, and the mass is exam-
ined. Aspergillus is a firm mass and has rubber-
like consistency (Fig. 14.42). It is often peeled
off from the underlying structures and is debrided.
The superior part of the sac is palpated
(Fig. 14.43). The lumen of the sac is examined,

Fig. 14.36 Non-contrast computed tomography (NCCT)
of sinuses and orbit, coronal section demonstrating soft
tissue mass occupying the right lacrimal sac, NLD and
ethmoids

Fig. 14.37 NCCT of sinuses and orbit axial section dem-
onstrating soft tissue mass occupying the right lacrimal
sac, NLD and ethmoids

Fig. 14.38 Sagittal section on CT DCG showing a mass
filling the lacrimal sac, NLD and the surrounding area
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Fig. 14.39 The lateral wall bulge is coblated to minimize
bleeding

Fig. 14.41 Kerrison punch is used to remove the bone of

the frontal process of the maxilla

Fig. 14.40 The hypertrophied tissue on the lateral wall is
lifted off in continuation with the uncinate process

and the probe can be seen in situ (Figs. 14.44 and
14.45). After clearing the fungal mass, the sac
and NLD are then dissected off the fossa, a dac-
ryocystectomy is carried out, and the specimen is
sent to the lab.

14.7.5 Microbiology
and Histopathology

KOH mount showed bright green septate hyphae
of aspergillosis under a fluorescence microscope

Fig. 14.42 The rubber-like mass is seen filling the sac,
occluding its lumen. The tissue filling the sac is teased out
and debrided

(Fig. 14.46). Microphotograph shows PAS-
stained giant cells along with septate hyphae in
the granulomatous area (Fig. 14.47).

14.7.6 Antifungals and Prognosis
Aspergillosis responds to voriconazole that is

available in intravenous as well as oral formula-
tions and is well tolerated. We found only a
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Fig. 14.43 The superior part of the sac is checked with a
curved blunt suction tip, and any residual disease is
debrided

Fig. 14.44 Sac lumen is visible after disease clearance
(star). The soft tissue mass seen all around the lumen is
debrided

few cases of isolated lacrimal sac aspergillosis
in literature [31, 32]. The cases were success-
fully treated with surgery and antifungal
medication.

Invasive fungal infections of the isolated lacri-
mal drainage system are rare. Very few cases of
invasive mucormycosis and aspergillosis of the

Fig. 14.45 Probe can be seen in situ (arrow). (LS lacri-
mal sac)

Fig. 14.46 KOH mount showing bright green septate
hyphae of aspergillosis under fluorescence microscope
(Photo courtesy: Dr Arpan Gandhi, SCEH, Delhi)

lacrimal drainage system (LDS) have been
reported in the literature [29-32]. The second
wave of Covid pandemic in India resulted in an
unexpected increase in invasive fungal infections
of LDS. Although incidences of LDS mucormy-
cosis were discovered during an endemic of
rhino-orbito-cerebral (ROC) mucormycosis,
occurrences of LDS aspergillosis were also on
the rise.
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14.8 Comparison of LDS References

Aspergillosis and LDS

Mucormycosis L

The features of various invasive fungal infections  ,
of the lacrimal drainage system are compared
in Table 14.1.

Prognosis of invasive fungal infection of LDS
is good with surgery, antifungal drugs and the
management of underlying medical conditions.

To summarise, in aspergillosis, ROCM surgical 4

debridement entails sacrificing the NLD which is

cut flush to the floor of the orbit, and performing 5
a dacryocystectomy with complete sac and NLD
removal.

Fig. 14.47 Microphotograph showing PAS-stained giant

cells along with septate hyphae in the granulomatous 12.
area—20x (Photo courtesy: Dr Arpan Gandhi, SCEH,
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Mucormycosis (ROCM)

Rajeev Soman and Sujata Rege

COVID-19-associated  Mucormycosis  has
taken not just the infectious diseases physician
but almost all specialities in the hospital by
storm [1]. As everyone scrambles to get his/her
act together, an in-depth understanding of the
pathogen, the drugs used for treatment and
other aspects of management has become
necessary.
Successful management of mucormycosis
requires the following steps [2]:
1. Early suspicion and the
diagnosis.
2. Risk stratification, staging the disease, and
assessing its tempo of progression.
3. Prompt effective antifungal therapy.
4. Aggressive and often repeated
debridement.
5. Adjuvant therapy.
6. Reversal of underlying predisposing risk
factors.
7. Involvement of a multidisciplinary team.
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15.1 Antifungal Therapy
The cornerstone of antifungal therapy has been
an Amphotericin B product.

15.1.1 Polyenes

Amphotericin B has been grandfathered into the
treatment of mucormycosis over the past
60 years, with all subsequent drugs being com-
pared to it as the gold standard [3].
Although Amphotericin B deoxycholate was ini-
tially used, lipid formulations have several advan-
tages and are increasingly used when affordable.

Slow escalation of dose over several days is no
longer recommended [4].

Mechanism of action involves AmB binds to
ergosterol in the fungal cell membrane, leading
to increased membrane permeability which
causes leakage of intracellular contents.

(a) Formulations: Table 15.1
e Amphotericin B deoxycholate (ABD)
* Amphotericin B lipid complex (ABLC)
e Liposomal Amphotericin B (LAMB)
* Amphotericin B Lipid emulsion
(b) Dosage and administration:
* Dose for Amphotericin B deoxycholate is
0.7-1 mg/kg/day.
e Amphotericin B lipid complex and
Amphotericin B Lipid emulsions 5 mg/
kg/day.
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Table 15.1 Comparison between various types of Amphotericin B formulations

Amphotericin B | Amphotericin B | Amphotericin B lipid
deoxycholate lipid emulsion complex Liposomal amphotericin B
Structure Micelles Colloidal discs Ribbon-like Unilamellar liposomes
complexes
Size (nm) 25 100 4500 80
Release Release from LAMB fits snugly into the
complexes by liposome and is released
macrophages only into fungal cells
Volume of 2.4 0.42
distribution
COVID-19 1.7 14.4
associated
Mucormycosis
Area under the dose | 17 36 14 555
response curve
Dose 0.7-1 mg/kg/ 3-4 mg/kg/day 5 mg/kg/day 5-10 mg/kg/day
day

LAMB is 5-10 mg/kg/day. Dose for intra-
cranial involvement is 10 mg/kg/day.

(c) Administration:

(d) Pharmacokinetic/Pharmacodynamic

Test dose: 1 mg Liposomal Amphotericin

B in 100 mL 5% dextrose over 1 h and to

watch for reactions like shaking chills and

fever.

Premedication: This may include all of

the following:

—500 mL 0.9% normal saline is given
over 30-60 min.

— Tablet Paracetamol 500 mg.

— Tablet Pheniramine maleate (25 mg).

— Intravenous Hydrocortisone 25 mg.

Infusion:

— Intravenous (IV)AMB as per dose in
500 mL of 5% Dextrose to be infused
over 4-6 h.

— AMB infusion is followed by 500 mL
0.9% normal saline (NS) to ensure
adequate hydration. These steps help
to avoid both infusional toxicity and
nephrotoxicity.

(PK/

PD) considerations [5]:

Amphotericin B deoxycholate is 95%
protein-bound and is stored in tissues, and
re-enters circulation slowly. The route of
elimination is unknown, but a small
amount is eliminated in the faeces. Hence

blood levels of Amphotericin B deoxy-

cholate are unaffected by hepatic, renal

failure, or dialysis, except in patients with
lipaemic plasma wherein the drug adheres
to the dialysis membrane.

e Amphotericin B deoxycholate penetrates
poorly into cerebrospinal fluid, saliva,
bronchial secretions, brain, muscle, and
bone, whereas it concentrates in kidneys.

e Lipid formulations of AMB produce tis-
sue concentrations ranging from 10 to
500% of those seen with Amphotericin B
deoxycholate with an 80-90% reduction
in nephrotoxicity. The higher but equipo-
tent doses are better tolerated, have lower
rates of infusion-related reactions and
chronic nephrotoxicity.

¢ Liposomal Amphotericin B has the advan-
tage of intracranial penetration and immu-
nomodulatory properties, whereas ABLC
accumulates better in the reticuloendothe-
lial system.

(e) ROCM/MIC (Maximum concentration after
a single dose of antimicrobial/Minimum
inhibitory concentration of antimicrobial).

It has been found that the pharmacody-
namic index most is predictive of efficacy for
Amphotericin B. However, free drug level
does not increase even with rapid infusion
due to its highly protein-bound nature. On
the other hand, a rapid infusion leads to
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increased infusional toxicity, thus favouring

slow administration over 4-6 h.

(f) Resistance and Breakthrough infections [6]:
As there are no Clinical breakpoints (CBP)
for Mucorales and antifungal agents,

Epidemiological cut-offs (ECVs) are pro-

posed. Certain Mucorales like Apophysomyces

and Cunninghamella exhibit high MICs to

Amphotericin B, leading to treatment failure.

About 10% of mucormycosis cases have co-

infection of Aspergillus, especially A. flavus,

which has intrinsic resistance to Amphotericin

B, leading to therapeutic failure.

(g) Adverse drug reactions:

e Acute infusion-related reactions:

These reactions can be alleviated by
premedication  using  paracetamol,
hydrocortisone and administering the
infusion slowly. These reactions are not
considered a contraindication for further
infusions.

e Nephrotoxicity:

Amphotericin B deoxycholate pro-
duces a dose-dependent decrease in
Glomerular filtration rate (GFR) due to
vasoconstrictive effect on afferent renal
arterioles. Other side effects are potas-
sium, magnesium and bicarbonate wast-
ing and decreased erythropoietin
production. Monitoring renal function
tests and Serum electrolytes are required
while on amphotericin B. Correction of
electrolyte imbalances and cessation of
therapy if Serum Creatinine doubles from
baseline is necessary. Saline loading
before infusion reduced nephrotoxicity.

* Rare Adverse drug reactions: Bone mar-
row suppression, hepatotoxicity, arrhyth-
mias, seizures, haemolysis, haemorrhagic
enteritis, tinnitus may occur.

15.1.2 Azoles

Mechanism of action: Azoles inhibit C-14a
demethylation of lanosterol in fungi by binding
to one of the cytochrome P-450 enzymes, leading
to accumulation of C-14a methyl sterols and

reduced concentrations of ergosterol, essential
for fungal cytoplasmic membrane.

15.1.2.1 Posaconazole

Posaconazole is an extended-spectrum triazole
with action against Candida, Aspergillus and
Zygomycetes.

(a) Formulations:
e Suspension: 40 mg/mL
e Tablet (Delayed release/ Gastro-resistant):
100 mg
e Intravenous: 300 mg/vial.

(b) Dosage:

e Suspension: 200 mg QID/ 400 mg BD.

e Tablet and Intravenous: Loading dose—
300 mg BD followed by 300 mg daily.

e Slow escalation of doses is not recom-
mended, instead, a full daily dose should
be given from the first day.

(¢) Administration:

e Suspension: Should be taken 20 min fol-
lowing a full meal or with an acidic car-
bonated beverage.

» Tablet: Should be swallowed whole with-
out crushing/dissolving. It should be
administered with food.

e Intravenous: Should be infused with
100 mL 0.9% NS administered over
90 min via a central line with a 0.2-micron
filter.

(d) Pharmacokinetic/Pharmacodynamic consid-

erations [7]:

Posaconazole is lipophilic, >98% protein-
bound and has a greater volume of distribu-
tion than water, thus leading to an extensive
distribution and tissue penetration. AUC/
MIC (Area under the curve, i.e. Total expo-
sure of an antimicrobial to an organism
divided by the minimum concentration of
antimicrobial to inhibit the organism’s
growth) has been found to be the pharmaco-
dynamic index most predictive of therapeutic
efficacy of posaconazole.

Due to its potent dose-dependent cidal
action, using a loading dose helps to achieve
therapeutic levels faster. Posaconazole accu-
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mulates in peripheral tissues, especially in
lungs, kidneys, liver and heart, but has incon-
sistent cerebrospinal fluid and brain paren-
chyma distribution. There is no data about its
bone penetration. An AUC0-24/MIC ratio of
>100 proved to be the target associated with
the half-maximal effect of lung fungal bur-
den based on a neutropenic murine model of
pulmonary mucormycosis infected with R.
arrhizus, but human data are lacking [8].

It is cleared primarily by faecal excretion
and minority by renal clearance. Renal
adjustment is hence not necessary, nor is it
removed by haemodialysis. Posaconazole is
not metabolized by CYP450 enzymes but by
hepatic glucuronidation (UGT1A4). It is a
substrate for P-glycoprotein and inhibits
hepatic CYP3A4 enzyme, leading to drug
interactions.

The oral suspension has an erratic absorption
profile influenced by food, acidic pH of gastric
content, often leading to suboptimal plasma
Posaconazole levels. Administration with a
high-fatty meal or an acidic carbonated bever-
age is necessary for enhancing bioavailability.
The delayed release tablet and intravenous for-
mulation have better systemic bioavailability
and are hence preferred. Achieving therapeutic
levels is difficult in obese individuals with
BMI > 30 or weight > 90 kg. Mucositis, diar-
thoea and administration of crushed tablets
through a feeding tube lead to reduction of
absorption. Avoiding antacids (H2 blockers,
PPIs) and prokinetic motility agents has to be
stressed while using posaconazole.

Therapeutic drug monitoring (TDM) is
necessary to ensure adequate exposure and
ensure compliance for posaconazole. Target
trough levels of >0.7 mg/l for prophylaxis
and > 1.2 for treatment are advised [9]. TDM
is checked after a week of initiating posacon-
azole, repeated if dose adjustment is needed
to ensure adequate trough level, and in case
of clinical worsening on therapy (ineffective-
ness, compliance or toxicity). Using intrave-
nous formulation upfront followed by
switching to an oral formulation helps
achieve therapeutic levels faster [10].

(e) Resistance:

Posaconazole has variable in vitro activity
against Mucorales, which is species depen-
dent. While Mucor spp. are most responsive
to posaconazole, Rhizopus spp. is less sus-
ceptible [11].

Adverse drug reactions:

Posaconazole is generally well tolerated,
with headache and gastrointestinal symp-
toms being most commonly reported. Serious
adverse events include hepatotoxicity (cho-
lestasis, elevation of transaminases), Qt pro-
longation (especially when used with other
Qt prolonging drugs), hypokalaemia and
adrenal insufficiency. Coadministration with
CYP3A4 substrates can increase the expo-
sure of these drugs leading to toxicity.
Monitoring liver function tests, ECG, serum

®

electrolytes should be done while on
therapy.
(g2) Role in Mucormycosis therapy:

Posaconazole has been approved only in
prophylaxis for invasive mould infections in
the stem cell transplant population. There is
limited data from the MoveOn trial [12]
wherein oral gastro-resistant formulation
was used and found to be an effective treat-
ment in mucormycosis. Though it has low
serum levels, tissue levels are approximately
40 times more, making it an attractive option
for the treatment of mucormycosis.

15.1.2.2 Isavuconazole

Isavuconazonium sulphate is a water-soluble pro-
drug of isavuconazole, a broad spectrum, second-
generation triazole.

(a) Formulations
Oral: 200 mg
Intravenous: 200 mg
(b) Dosage:
Oral: 200 mg 8 hourly for 2 days followed
by 200 mg once daily.
Intravenous (IV): 200 mg 8 hourly for six
doses (2 days) followed by 200 mg daily.
(¢) Administration
Oral: Can be administered with or without
food. Capsule should be ideally swallowed
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(d)

whole, but a small PK study on IV and
crushed capsules through NG tube adminis-
tration showed bioequivalence.

Nasogastric (NG): Should be adminis-
tered within an hour of reconstitution. After a
dose, NG tube should be flushed with 5 mL
water thrice.

Intravenous to be infused over an hour
through the infusion set with a 0.2-micron
filter. Iv line should be flushed with NS or
5% dextrose before and after the infusion.
PK/PD considerations [13]:

Isavuconazole is administered as its pro-
drug isavuconazonium sulphate, which is
hydrolyzed by plasma esterases to isavucon-
azole and an inactive cleavage product.
Plasma protein binding is >99%, and total
exposure of prodrug is <1% of that of
isavuconazole.

It exhibits dose-proportional pharmacoki-
netics and bioavailability of 98%, thereby
enabling the interchange of intravenous to
oral preparations. Isavuconazole has a high
volume of distribution leading to excellent
tissue distribution. Animal data have shown
that it exhibits hysteresis, i.e. it persists in tis-
sues long after plasma concentration levels
fall below detectable limits. Isavuconazole is
widely distributed to most tissues, including
the brain, liver, lung and bone. However, in
neutropenic patients, the ultimate therapeutic
effect heavily depends on recovery from
neutropenia.

AUC/MIC ratio is the important PD index
for isavuconazole efficacy.

It is metabolized via CYP3A4 and
CYP3AS5 followed by biotransformation
involving UGT, making it prone to drug
interactions. Less than 1% is excreted really.
Hence it does not require renal dosing. No
dosage adjustments are required in patients
with mild to moderate hepatic impairment.

Since only minimal variability has been
found in subjects receiving isavuconazole,
TDM levels are not available or recommended
at this time but would be helpful in situations
where there is coadministration with interact-
ing drugs, diarrhoea, GI graft versus host dis-

(e

®)

(2)

ease and CNS infection where the assurance of
an adequate exposure is needed.
Resistance:

Mucor circinelloides and Rhizopus oryzae
exhibit high MICs; hence species identifica-
tion and susceptibility testing are recom-
mended [14, 15]. However, due to excellent
pharmacokinetic properties, an adequate
level is usually achieved at the top of the
dose-exposure-response relationship.
Adverse drug reactions:

Gastrointestinal side effects are most
commonly reported. Hepatotoxicity can
occur but to a lesser extent than with other
azoles. Contrary to other azoles, it causes
shortening of QTc interval.

Role in Therapy:

Isavuconazole has a labelled indication as
initial treatment of mucormycosis based on
VITAL [16] and SECURE [17] trials.

15.1.3 Adjunctive Treatments

(a)

(b)

Deferasirox:

Deferasirox is an iron chelator without
xenosiderophore activity. Mucor, especially
Rhizopus cannot synthesize hydroxamate
siderophores hence relies on free iron which
is taken up by Rhizoferrin from which iron
permeases release iron. Haemeoxygenase
enhances the angioinvasive potential of this
fungus. Deferasirox chelates iron, thereby
starving the fungus of iron which is critical
for its growth and pathogenicity [18]. It has
been used as salvage therapy in cases of
mucormycosis with some success [19]. It has
independent fungicidal activity against
Rhizopus species ut less for Mucor species
and Cunninghamella.

Caspofungin:

Although echinocandins have no in vitro
activity against Mucorales, Rhizopus oryzae
expresses the FKS gene for target enzyme
(1,3 B-d-glucan (BG) synthase) for echino-
candin, justifying its use as salvage therapy
[20]. Caspofungin may disrupt BG, thereby
enhancing polyene penetration, increase the
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action of polymorphonuclear leukocytes,
stunt filamentation, altering cell wall con-
tent, reducing virulence, and enhancing host
responses. It has been found to be beneficial
for Rhino-orbital involvement by Rhizopus
in non-neutropenic patients [21].

(c) Hyperbaric oxygen [22]:

Hyperbaric oxygen therapy has been
found to be a beneficial adjunctive therapy
for mucormycosis, particularly in diabetic
patients with ROCM. The increased partial
pressure of oxygen achieved with hyperbaric
therapy improves antifungal effect, neutro-
phil activity, tissue healing and oxidative
killing by amphotericin B. Additionally, high
concentrations of oxygen can inhibit the
growth of Mucorales in vitro and improve
the rate of wound healing by increasing the
release of tissue growth factors. It is most
effective for post-traumatic mucormycosis.

(d) Statins:

Statins have shown in vitro and in vivo
activity against Rhizopus spp. for reducing
virulence [23]. Additionally, they have mod-
ulated signal transduction, cytokine tran-
scription, inflammatory cascade and produce
fungal apoptosis by inhibiting protein pre-
nylation [24]. Drug interaction with azoles
should be considered while using statins.

(e) Aspirin:

Acetylsalicylic acid is an anti-inflammatory
and antimitochondrial drug which additionally
targets sporangium development of Mucor cir-
cinelloides [25]. It is used as an adjuvant ther-
apy in mucormycosis. It may also benefit in
reducing the thrombotic effects of fungal vas-
cular invasion.

15.1.4 Step-Down or Step-Up
Treatment

Patients who have improved or are stable on
amphotericin B may transition to oral treatment
with Azoles, or those who have not may undergo
salvage treatment with Azoles. This creates
uncertainty about the exact role of the Azoles as
step-down or step-up treatment. It is also

unknown when this switch may be done in an
individual patient and only clinical judgment can
be used considering other factors like the ade-
quacy of surgical debridement and resolution of
the underlying cause. Adverse effects, cost of
treatment and patient preference also force some
of these decisions. The unfortunate reality in
India is that about a third of patients cannot con-
tinue treatment due to the anticipated expenses,
risks of surgery, morbidity and mortality. Post-
COVID-19 Mucormycosis is a particular but
somewhat avoidable misfortune to an already
devastated patient and family. In this context, an
oral antifungal medication offers some promise.

15.1.5 Role of Combination Therapy

There is no definitive data to recommend antifun-
gal combination therapy but has been increas-
ingly used to enhance early antifungal effect,
especially to benefit those at highest risk of poor
outcome and in those who may have a relatively
resistant Mucorales or have a co-infection with
Aspergillus. While there may be antagonism
between Azoles and AMB, the role of the Azole
may be viewed as that of a supporting drug due to
likely interruptions in AMB treatment owing to
toxicity and erratic supplies.

15.2 Duration of Therapy [26]

The duration of therapy necessary to treat mucor-
mycosis is unknown. It requires weeks to months
of therapy. In general, therapy should be contin-
ued until resolution of signs and symptoms of
infection, substantial radiological improvement,
normal findings on repeated examination by an
ear-nose-throat specialist and ophthalmologist,
microbiologic and histologic  assessment.
Treatment duration should be personalized,
wherein adequacy of surgical debridement and
resolution of the underlying causes is assured.
Patients who show relapse after treatment with-
drawal or remain severely immunocompromised
need re-treatment or secondary prophylaxis,
respectively.
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15.3 Concluding Remarks

The COVID-19 waves have generated an ava-
lanche of cases of COVID-19-associated
Mucormycosis. This has been an opportunity to
study various aspects of the management of this
disease. There is a paucity of controlled trial data
and only expert opinion based on anecdotal expe-
rience and single centre studies is available. The
clinical outcome, however, is a composite of
many drugs, processes and host factors. For all
these reasons, the management of Mucormycosis
appears to be a challenging frontier of medical
mycology.
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Medical Management of Patients
with Rhino-Orbito-Cerebral

Mucormycosis

Bhushan S. Bansal

In the year 2019 world encountered COVID-19
pandemic. The first wave hit the world in 2019,
the second one being more lethal hit India in
2021. In the second wave, a large number of indi-
viduals were affected and required critical care
too. Soon we were facing an unprecedented tsu-
nami of mucormycosis. We were familiar with a
deadly fungal disease in the past, but this time’s
magnitude and extent threw new challenges in
patient care. There are a variety of factors that
make COVID-19 patients more susceptible to
mucormycosis. Management of mucormycosis
involves a multidisciplinary team approach. This
chapter describes the role of a physician in the
evaluation and management of this devastating
disease.

16.1 Evaluation of the Patient

16.1.1 Initial Workup

All the patients admitted to the hospital are thor-
oughly investigated in the first 24 h to know the
extent of the disease. KOH staining, fungal and
bacterial cultures from the areas affected, and
rapid molecular tests should be sent. Computed
tomography and magnetic resonance imaging are
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ordered to ascertain the stage of the disease.
Patients with extensive involvement of sinuses,
orbit and brain need to be managed more aggres-
sively as mucor gives very little time to save the
life.

16.1.2 Treatment of COVID

The Exact Date of Onset

of Infection

It is necessary to know the exact date of onset of
illness as the likelihood of developing cytokine
storms decreases as time elapses.

16.1.2.1

16.1.2.2 Hospital-Based Treatment
(ICU/HDU/Ward) or Home
Isolation
The previous history of hospitalization for
COVID helps us know the nature and extent of
COVID pneumonia, oxygen requirement and
other organ involvement. Previously hospitalized
patients are more prone to have hospital-acquired
bacterial infections. So it helps us in deciding the
empirical selection of antibiotics till we have the
culture reports.

16.1.2.3 Use of Steroids

The history of steroid usage has an important
implication. We should make a note of the dose
and duration of the steroid. The indications of
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steroid usage during COVID treatment should
also be documented.

16.1.2.4 Use of Immunosuppressants
Severe COVID pneumonia has put us in place to
use immunosuppressants to manage the dysregu-
lated host immune response. Many patients with
severe COVID-19 do not respond to steroids and
other adjuvant therapies. The magnitude of cyto-
kine storm compels the healthcare provider to use
immunosuppressants to save human life in lim-
ited cases. There are a plethora of immunosup-
pressants used in this pandemic like tocilizumab,
bevacizumab, tofacitinib and baricitinib. These
drugs helped us save a few patients but put the
patients at risk of opportunistic infections by
lowering the host immunity. So knowledge of
their usage helps us to tailor the treatment.

16.1.2.5 Respiratory Evaluation

A careful evaluation of the respiratory system
should be done as the patient’s oxygen require-
ment seriously affects the treatment protocols.
Those patients still suffering from severe COVID
pneumonia requiring high-flow oxygen or venti-
lator support will be the most difficult to manage.
Many of these patients will not be medically fit
for any surgery or debridement for mucormyco-
sis. High-resolution computed tomographic scan
of the chest should be done in all such patients to
know the CT severity index of COVID pneumo-
nia. The severity of previously underlying chronic
lung diseases like asthma, chronic obstructive
pulmonary airway disease and interstitial lung
disease should be accommodated in the treatment
protocols.

16.2 Pulmonary Mucormycosis

Pulmonary mucormycosis is a rare opportunistic
infection caused by this fungus and generally
affects the hosts with poor immunity. This infec-
tion has a high mortality (40-76%) [1-3] and is a
source of serious morbidity as the fungus causes
extensive tissue destruction rapidly. It presents
with fever, cough, haemoptysis and rapidly dete-
riorating lung functions causing life-threatening

hypoxia. Radiologically it presents with multiple
cavitary lesions in lungs especially in those indi-
viduals who have poorly controlled diabetes and
are immunocompromised due to associated
comorbidities. Fibreoptic bronchoscopy in expert
hands can be used to obtain biopsy from the sus-
pected lung lesions. A combined approach of sur-
gical resection and amphotericin B therapy is the
best possible treatment option in such scenario
right now. Future studies are needed to evaluate
treatment protocol and outcomes in patients suf-
fering from this disease.

With the involvement of lungs, although rare,
we have seen cases of fungal pneumonia in this
pandemic. A few patients, on rare occasions, can
have disseminated mucor infection in the lungs
too. The presence of fungal pneumonia will pose
a further challenge in the treatment of these
patients. Serial chest X-ray and arterial blood gas
analysis should be carried out. Patients with
mucormycosis who are stable and not on oxygen
support should be subjected to pulmonary func-
tion testing and 6-min walk test for the evaluation
and fitness of surgery if required.

16.3 Blood Tests

All patients suffering from mucormycosis should
undergo routine blood investigations like com-
plete blood count, kidney function tests, liver
function tests, thyroid function tests, glycosyl-
ated haemoglobin, C-reactive protein quantita-
tive and D-Dimer. Procalcitonin, blood culture,
urine culture and galactomannan assay should
also be done in seriously ill patients.

16.3.1 Evaluation of Diabetes

Extensive diabetic and stress hyperglycaemia
evaluation should be carried out in all the patients.
Hyperglycaemia in mucormycosis patients fur-
ther propagates the disease and hampers recov-
ery. Random blood sugar levels more than 200,
fasting blood sugar levels more than 124 and
HbA 1c levels more than 6.4 are diagnostic of dia-
betes mellitus [4, 5]. Some of the patients do not
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fit into these criteria on admission but develop
random blood sugar levels more than 200 later in
the course of disease due to stress hormones or
the use of steroids. So it is necessary to check the
blood sugar levels regularly, even in non-diabetic
patients. Such patients should also be managed
like a diabetic patient till their blood sugar levels
are normal.

16.3.2 Evaluation of Comorbidities

Extensive evaluation of all the patients of
COVID-19 and mucormycosis should be done
for the underlying comorbidities like coronary
artery disease, chronic liver disease (CLD),
chronic obstructive airway disease (COAD),
chronic kidney disease (CKD), hypertension,
stroke, post organ transplant, post chemotherapy.
Patients already on antiplatelets should be offered
anticoagulants in lower doses than necessary.
Patients with CLD and CKD have alrered base-
line coagulation profile, so PT and aPTT should
be tested before beginning anticoagulants and
should be monitored later on. The advice of con-
cerned subspeciality should be sought as all these
are immunocompromised states, and any new
organ failure will further jeopardize patients’
complete care and prognosis.

16.4 Management
16.4.1 Management of Mucor

Mucormycosis is a devastating disease and
spreads very rapidly. This fungus is angio-
invasive and leads to infarction of tissue. If not
treated appropriately, it can prove fatal. Patients
should be first categorized based on the severity.
Those aged 60 years and above, with ocular and
neural involvement, immunosuppressed, uncon-
trolled diabetes, and severe COVID pneumonia
requiring high flow oxygen or ventilator support
should be treated more aggressively. Antifungal
therapy and surgery remain the mainstay of treat-
ment. For those patients who are unfit for surgery,
medical management continues until they

become fit for surgery. Surgery should be planned
as early as the conditions permit.

16.4.2 Treatment of COVID
Pneumonia

Treatment of COVID pneumonia includes anti-
coagulation, oxygen, and ventilator support to all
patients  suffering from active COVID
pneumonia.

Steroids should be avoided as far as possible if
the patient is not on supplemental oxygen or ven-
tilator therapy. Patients requiring supplemental
oxygen and ventilator therapy, steroids can be
considered in minimal possible doses, i.e. 0.5 mg/
kg of methylprednisolone. The dose and duration
should be tailored according to the clinical sce-
nario and tapered off quickly.

Immunosuppressants like tocilizumab and
baricitinib should be avoided in the management
of such patients as it will risk the flare-up of
Mmucormycosis.

Antibiotics: Routine and prolonged use of
broad-spectrum antibiotics should be discour-
aged. Broad-spectrum antibiotics can be consid-
ered empirically in seriously ill patients till the
report of bacterial culture is awaited. Afterwards,
the de-escalation of the antibiotic regime accord-
ing to the culture report should be instituted.

16.4.3 Management of Diabetes

The prevalence of diabetes in India is 11.8% [6].
The high prevalence and absence of routine
health checkups have put a large number of
asymptomatic, previously undiagnosed, uncon-
trolled diabetic patients at risk of severe COVID
infection and, later on, mucormycosis. Steroid
usage is recommended and life-saving for severe
COVID-19 pneumonia, but their indiscriminate
overuse also poses a challenge for the control of
diabetes. High blood sugar levels, steroids, mal-
nutrition, immunosuppression and COVID-19
infection per se set the stage for mucormycosis.
So it is imperative to control blood sugar levels
tightly to prevent the onset of mucormycosis and
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prevent its complications. Basic principles for the
control of diabetes in such patients are as
follows.

1. Insulin infusion is the mainstay of therapy for
seriously ill patients requiring vasopressors
and ventilator support and a very high blood
sugar more than 400 [7, 8].

2. The basal bolus regimen is ideal for all stable
patients taking regular meals or on RT
feeding.

3. Oral hypoglycaemic agents can be adjuvants
in stable patients with previously controlled
diabetes or requiring large doses of insulin
therapy. Long-acting insulin secretagogues
and SGLT2 inhibitors should be avoided [9].
DPP4 inhibitors and metformin can help man-
age diabetes in such patients [9].

The target glucose levels are 140-180 irre-
spective of the meal [9]. Insulin infusion should
be considered in seriously ill patients admitted to
intensive care units with very high blood sugar
levels.

16.4.3.1 .Insulin Infusion

Insulin infusion can be prepared by mixing
50 units insulin regular in 49 CC of normal saline
and should be administered with the help of an
infusion pump [10, 11]. The initial rate of infu-
sion should be blood glucose divided by 100. The
rate of infusion should be titrated every hour to
maintain blood glucose between 140 and 180.
Once the patient gets stabilized, transition to sub-
cutaneous insulin should be planned. The basal
insulin (degludec, glargine and detemir) should
be added first. The starting dose of basal insulin
can be 20-30% of the total daily requirements
[10, 11]. The basal insulin dose should be less in
patients with underlying comorbidities like
chronic liver disease, chronic kidney disease and
heart failure.

16.4.3.2 Sliding-Scale Insulin

Regimen
Sliding-scale insulin regimen is not a good regi-
men for inpatient diabetes management. It does
not provide a stable control of blood glucose lev-

els but can be used in limited settings where oral
intake is deficient and blood sugar levels are not
so high. It can be used in patients whose blood
sugar levels are <250, but it provides a roller-
coaster kind of control with excursions some-
times and low sugar levels at other times so it
should be better avoided.

16.4.3.3 Oral Hypoglycaemic Agents
Oral hypoglycaemic agents can be used in the
limited settings of hospitalized patients like sta-
ble patients taking regular meals, those who have
high insulin requirements, high insulin resis-
tance, and patients with no underlying chronic
kidney disease or chronic liver disease. Currently,
metformin can be used in non-critically ill
patients with preserved renal and hepatic func-
tions. It primarily acts on the liver and prevents
gluconeogenesis, and it increases insulin sensi-
tivity, so it helps in the control of fasting blood
glucose. The initial dose of metformin should be
500 mg per day, and it can be titrated up to
2000 mg per day depending on the tolerability of
the patient. DPP4 inhibitors like sitagliptin,
vildagliptin, alogliptin, saxagliptin and lina-
gliptin can be used in stable patients [9—12]. They
should be avoided in patients with past history of
pancreatitis. Dose modification will be required
in hepatic and renal impairment. They mainly
affect postprandial blood glucose levels.

Patients with uncontrolled blood glucose lev-
els at the time of admission should be discharged
on insulin and oral hypoglycaemic agents. As
insulin is an anabolic hormone, it helps in the
recovery of the patients and it should be contin-
ued at least 4-6 weeks after the patient’s dis-
charge from the hospital.

16.4.4 Anticoagulation in COVID

COVID-19 leads to thrombosis in microvasula-
ture of lungs and other internal organs leading to
ischaemic changes. These ischaemic changes can
manifest as pulmonary thromboembolism, deep-
vein thrombosis, myocardial infarction, isch-
aemic stroke and renal artery thrombosis in rare
cases. The incidence of thrombotic disease in
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individuals affected by COVID-19 is reported as
high as 31% [13, 14]. So it is imperative to use
anticoagulants to prevent these complications in
high-risk individuals as well as to treat these
complications.

Those patients who are taking anticoagulant
or antiplatelet therapies for their medical disor-
ders should continue these drugs if they get
COVID-19 infection.

Hospitalized adults with COVID-19 should
receive prophylactic dose anticoagulation.

There is currently insufficient evidence to rec-
ommend either for or against the use of thrombo-
lytics or higher than the prophylactic dose of
anticoagulation for VTE prophylaxis in hospital-
ized COVID-19 patients [14, 15].

Patients with COVID-19 who experience
thromboembolic event (deep-vein thrombosis or
pulmonary embolism, cavernous sinus thrombo-
sis, renal or splenic artery thrombosis, ischaemic
stroke) or who are highly suspected of having
thromboembolic disease should be managed with
therapeutic doses of anticoagulant therapy.

Low-molecular-weight heparin is the pre-
ferred agent for anticoagulation. The therapeutic
dose is 1 mg/kg/dose twice daily. Unfractionated
heparin can be used in patients with altered kid-
ney functions with serial monitoring of aPTT.
aPTT should be kept around twice the normal
upper limit.

16.4.5 Amphotericin B-induced
Nephrotoxicity

Amphotericin B can cause nephrotoxicity in the
form of acute renal failure and hypokalaemia.
So it is necessary to measure kidney functions
and electrolytes on a daily basis to evaluate for
such damage. Patient’s hydration should be
well maintained, and any other nephrotoxic
drug should be avoided. On discontinuation of
antifungal therapy the renal functions are grad-
ually regained. New preparations of the drug,
such as liposomal amphotericin B, are very less
nephrotoxic.

In a nutshell, mucor and COVID are a deadly
combination. The addition of other comorbidi-

ties further complicates the clinical scenario and
hampers the adequate management of patients.
So it is of utmost importance to evaluate and
treat the patient in toto to achieve the desired
outcome. Further prospective randomized con-
trolled studies are needed for a better under-
standing of treatment options and their adequate
duration.
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Mucormycosis Cases at
Otorhinolaryngology Department
of a Tertiary Hospital

Madhuri Mehta, Priyanka Chhabra,

and Akanksha Jain

The years from 2020 until July 2021 were a
nightmare to the human race due to the pandemic
caused by COVID-19, which gripped the whole
world, not once but twice. No living person could
have ever comprehended the damage caused to
the human race by this tiny, invisible enemy
called ‘the coronavirus’. The health system
worldwide has gone topsy-turvy since the first
human case was detected in December 2019.
The first wave in 2020 caused many causalities
but gave doctors and the health care system world-
wide insight into developing and practising proto-
col-based treatment for COVID-19. In 2021, the
second wave hit the world with more force, speed,
and vengeance. This time, the virus was more
virulent and associated with numerous complica-
tions that were not part of the first wave. These
complications were attributed to the side effects
of overzealous treatment of COVID-19 infection.
During the first wave, the complications were
mainly related to the lungs and the central and
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peripheral nervous systems. The second wave
was accompanied by an altogether different com-
plication called ‘mucormycosis’ which is though,
a systemic disease, but this time, it was explicitly
‘rhino-orbito-cerebral mucormycosis (ROCM)’.

17.1 Background

Severe Acute Respiratory Syndrome Coronavirus
2 (SARS-CoV-2) has been proven to be the caus-
ative organism of the novel coronavirus disease
(COVID-19).

COVID-19 is known to cause respiratory sys-
tem complications, primarily pneumonia (mild to
severe), with superadded bacterial and fungal
co-infections.

The second wave of the COVID-19 pandemic
in India created grounds for fungus (mucormyco-
sis) to grow and infect the human race with grave
severity. ROCM, which was found to be associ-
ated with COVID-19, is the most common form
of mucormycosis and a life-threatening opportu-
nistic fungal infection characterized by rapidly
progressive invasion of the nose, paranasal
sinuses, orbit, hard palate, and brain. In the past,
this angioinvasive fungal infection, which was
noticed very rarely, suddenly saw an acute spurt
in post-COVID patients during the second wave.
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17.2 Spread

The fungi that cause ROCM are ubiquitous in the
environment, and human beings are constantly
exposed to them. In immunocompromised
patients, the airborne fungal spores attach to the
nasal and oral mucosae and start proliferating and
germinating into hyphae. From the nasal, oral, and
nasopharyngeal mucosae, the spores/hyphae
invade the paranasal sinuses. The further spread of
this infection can be classified into different stages.

17.3 Classification of ROCM

Depending upon the anatomical spread and
severity:
1. Sino Nasal Mucormycosis
(a) Disease can be limited to nasal mucosa,
middle turbinate, inferior turbinate and
the ostium of nasolacrimal duct (NLD).
(b) Disease can extend to paranasal sinuses
and involve mostly a single sinus or more
than one sinuses mucosa and bony walls,
as well as the opposite-sided sinuses,
which hold a grave prognosis.
2. Extra Sinus Extra Cranial Mucormycosis
(a) It includes the involvement of palate,
maxilla/facial tissue/retro antral spaces
like pterygopalatine fossa, infratemporal
fossa and masticator space.
(b) Involvement of the orbit
Orbital spread via NLD/medial orbital wall
(thin lamina papyracea/congenital dehis-
cence/along perivascular spaces)/
Infarorbital foramen.
3. Intracranial Mucormycosis
Intracranial spread can be through three
potential pathways: Shreshtha
1. Direct extension: From sinonasal cavities
through osteolytic defects in the base of skull-
like cribriform plate (CP). Infection from
Sphenoid sinus (SS) can extend into cavern-
ous sinus (CS), or invade internal carotid
artery (ICA) and from there embolize the
frontal and parietal lobes.

2. Perivascular —and  perineural  invasion:
Perivascular spread can occur through spaces
around vessels in CP of ethmoid bones to
frontal lobe or through spaces around emis-
sary veins in lamina papyracea (LP) into orbit,
superior orbital fissure/orbital apex to cavern-
ous sinus and ICA. Posterior fossa involve-
ment can occur through perineural spread
from the cavernous sinus along the trigeminal
nerve.

3. Haematogenous Spread: From invasion of
arterial wall due to its occlusion, leading to
ischemia, infarct and/or abscess formation.

17.4 Thelmportant Areas
Involved During Spread
of ROCM Are

17.4.1 The Pterygopalatine Fossa

The pterygopalatine fossa plays a very impor-
tant role in spreading the fungal hyphae to areas
beyond the paranasal sinuses. It actually acts as
a reservoir from where the spread of infection
takes place to areas like the orbit, soft tissues, in
the pre and post maxillary areas, the palate, infra-
temporal fossa, and cavernous sinus. Infection
reaches the pterygopalatine fossa through either
the posterior maxillary wall or the sphenopala-
tine foramen and from here spreads in different
directions. Debridement of diseased tissue with
complete clearance of mucor from the pterygo-
palatine fossa becomes mandatory to prevent fur-
ther spread of disease.

17.4.2 Palate

The palate can be directly eroded by the spread of
fungus from nose and paranasal sinuses. Painful,
reddish to dark-brown ulceration, well-defined
irregular raised border, variegated necrotic sur-
face, and fast progression are the main features of
these lesions. The other areas around palate
which get infected by mucor are the gingiva,
cheek mucosa and pharyngeal surface [2].
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17.4.3 Orbital Involvement [1]

The Orbital invasion is usually through the path of
least resistance which is the medial wall. It
includes thin lamina papyracea, nasolacrimal
duct, congenital dehiscence and perivascular
spaces in lamina papyracea. At times, aggressive
disease from the maxillary sinus can spread to
orbit through the infraorbital foramen along the
infraorbital nerve. The other pathway for infec-
tion is through pterygopalatine fossa and inferior
orbital fissure to the retro global space of the orbit.

Orbital involvement can be categorized into:

1. In the Early stages, the disease can be involv-
ing nasolacrimal system or can infiltrate the
periorbital soft tissue leading to inflammation
and oedema in the retroorbital fat around the
extraocular muscles. This inflammation can
further cause abscess formation along the
medial aspect of the orbit leading to inflam-
mation of the medial rectus muscle and may
cause its lateral displacement. Vision remains
unaffected in this situation.

2. Diffuse orbital involvement in the form of
infection reaching contents of both extra and
intraconal compartments leading to diffused
proptosis.

3. Occlusion of Central retinal artery or ophthal-
mic artery or thrombosis of superior ophthal-
mic vein leads to superior orbital fissure or
orbital apex syndrome. The loss of vision is
associated in this situation due to the optic
nerve infarct.

17.4.4 Orbital Apex Involvement

The infection travels from the ethmoid sinus
through the thin lamina papyracea into the orbit
and its contents. This creates a pathway for the
organism to extend posteriorly up to the orbital
apex, leading to orbital apex syndrome. At this
stage, there may be vision loss due to affection of
the optic nerve. The progression of the infection
may be very rapid because of the aggressive inva-
sive nature of the organism.

The disease can also progress posteriorly from
orbital apex, through the inferior orbital fissure

across the pterygopalatine fossa into the infra-
temporal fossa. In some cases, it can spread to the
superior orbital fissure causing diplopia, ophthal-
moplegia and sensory loss to the corresponding
areas of the cornea and face because of the
involvement of cranial nerves III, IV and VI, and
branches of V1 and V2 [3]. As it spreads more
posteriorly it infects cavernous sinus and then the
brain parenchyma underlying cause being vascu-
lar thrombosis and infarction.

17.4.5 Optic Nerve Involvement

The pathogenesis behind optic nerve involve-
ment is invasion of the organism directly into
either the optic nerve fibres or the walls of central
retinal or ophthalmic artery causing occlusion or
thrombosis of the vessels. Diffusion-weighted
sequences of MRI are the right diagnostic tool for
picking up optic nerve ischaemia earliest even
when other MR sequences appear normal.
Sudden infarction of the optic nerve leading to
sudden onset blindness is a very grave situation
and demands urgent treatment.

17.4.6 Cavernous Sinus and Internal
Carotid Artery

The spread to cavernous sinus can happen due to
the posterior extension of disease from the supe-
rior orbital fissure or fossa. Further invasion and
occlusion of the cavernous part of the internal
carotid artery, becomes the cause of brain infarcts.

17.5 Presentation

The presenting symptoms of patient are that of
acute sinusitis with fever, nasal congestion, puru-
lent nasal discharge, headache and facial pain.
Although it can involve all paranasal sinuses,
there is a propensity for maxillary sinus followed
by ethmoids, sphenoid and frontal sinus. The dis-
ease is usually seen involving unilateral sinus or
sinuses, but rarely bilateral involvement can be
seen, which is of grave severity. The spread to the
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surrounding structures, such as premaxillary
space, palate, orbit and brain, is relatively rapid
within a very short period.

During this growth phase, through angioinva-
sion, tissue necrosis occurs due to endarteritis
resulting in characteristic black eschar formation in
the nasal mucosa, palate, or skin around nose and
orbit gives it the title ‘Black fungus’. The necrosis
can involve nasal septum, soft tissue and bones of
turbinates, paranasal sinuses and palate. At times,
the facial skin’s swelling, erythema and cyanosis
overlying the involved sinuses and or orbit can be
seen. In COVID-associated mucormycosis, the
spread of disease was so rapid that pus and osteo-
myelitis were seen more than the pathognomonic
‘Eshcar’ formation in the affected parts of the nose
paranasal sinuses. Signs of orbital involvement
depend upon the extent of involvement of orbit and
beyond. It includes periorbital oedema, proptosis,
ptosis, diplopia and diminution of vision to com-
plete blindness. On examination, there can be con-
junctival chemosis, restricted ocular mobility,
ptosis, proptosis, Infraorbital nerve and V1, V2
nerve anaesthesia, CN III, IV and VI palsy indi-
cates orbital apex/Superior Orbital fissure/cavern-
ous sinus involvement and complete loss of vision.

Further extension into the internal carotid
artery and brain can result in paralysis, altered
sensorium, focal seizures etc.

17.6 Evaluation and Assessment
of ROCM

17.6.1 Primary Assessment

* Nasal endoscopy

* Craniofacial computed tomography (CT scan)

e Contrast-enhanced  Magnetic  Resonance
Imaging (MRI)

CT scan and MRI are reviewed together by an
otorhinolaryngologist, ophthalmologist and a
neuroradiologist and graded according to the
extent of the disease. The final correlation is done
with the clinical features of the patient.

17.6.2 Confirmation of Diagnosis

The aggressive presentation of ROCM can make
the diagnosis easy, but the final diagnosis depends
on demonstration of fungal tissue on the KOH
mount and tissue cultures.

e KOH wet mount is a primary screening tool to
identify the fungal elements present in the
specimen. In suspected fungal rhinosinusitis
cases, nasal discharge or crusting can be sent
as a sample (a. 17.1).

* Biopsy for HPE: Necrotic tissue from the
involved site (nose, orbital) is sent for histo-
pathological examination. The stains used are
H & E (haematoxylin & Eosin), specialized
fungal stains like Grocott methenamine-silver
(GMS) or periodic acid-Schiff (PAS). It shows
pathognomonic broad, irregular, ribbon-like,
aseptate or sparsely septate hyphae with irreg-
ular acute angle branching.

e The culture of biopsy samples is done to deter-
mine species of Mucorales. Crushing or grind-
ing of the specimen should be avoided as it
leads to the destruction of fungal elements.
Lactophenol cotton blue (LCB) stain demon-
strates specific hyphae and spores of mucor
organisms (Fig. 17.2).

17.7 Imaging
17.7.1 Craniofacial Computed
Tomography (CT)

Although CT scan is not a very specific investiga-
tion to differentiate between chronic sinusitis and
invasive fungal sinusitis, it serves as a valuable
tool for easy identification of bony invasion, if
there is any. It also helps in planning surgical
approach in a case of mucormycosis.

The specific CT sequences needed in ROCM
are routine and contrast-enhanced CT-Scan of
paranasal sinuses, orbit and hard palate and
brain, if the clinical picture suggests intracranial
extension of the disease. One to three millimetre
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Fig.17.1 (a) KOH stain showing broad, aseptate ribbon-
like fungal hyphae. (b) Culture tube showing growth of
blackish-grey colonies of mucor (Courtesy—Dr. Satish

Fig. 17.2 Lactophenol cotton blue (LCB) stain showing
fungal hyphae and conidiophore-specific mucor organ-
isms (Courtesy—Dr. Satish Kumar, MD pathology,
Department of Pathology, Jindal institute of medical sci-
ences, Haryana)

Kumar, MD pathology, Department of Pathology, Jindal
institute of medical sciences, Haryana)

sections are taken in the axial plane with refor-
mations in coronal and sagittal planes. These are
evaluated in soft tissue and bone window by a
team of neuroradiologist, otorhinolaryngologist,
neurosurgeon and ophthalmologist. Evaluation
and grading are done for mucosal thickening in
nose and paranasal sinuses and extent of inflam-
mation and disease are evaluated in the follow-
ing anatomical sites: anterior and posterior peri
antral fat, sphenopalatine foramen, pterygopala-
tine foramen, nasolacrimal duct, medial and
inferior orbital fat, facial soft tissue and the mas-
ticator space. Mucosal thickening of more than
3 mm in the nasal cavity and paranasal sinuses is
recorded as present. Bony dehiscence in the
sinonasal area or hard palate is recorded as pres-
ent or absent.



214

M. Mehta et al.

Fig. 17.3 Non-contrast CT PNS images in coronal (a) and axial (b) planes show nodular mucosal thickening in the left
maxillary sinus (red arrow). Mucosal thickening was also seen in the left nasal cavity and ethmoid air cells

Fig. 17.4 Non-contrast CT PNS images in the coronal
(a) and axial (b) planes show mucosal thickening in both
maxillary sinuses, causing almost complete opacification.

17.7.1.1 CTFindings in Early Stage
of Mucormycosis

e Nose and Paranasal sinuses (PNS):
Mucoperiosteal inflammation presents as nodu-
lar mucosal thickening. Sinonasal mucosal thick-
ening >3 mm recorded as present (Fig. 17.3).

e Air/fluid levels can also be seen in sinuses
along with soft tissue density due to mucosal
hypertrophy leading to partial to complete
sinus opacification (Fig. 17.4).

e Soft tissue opacification of the sinuses with
areas of increased density with well-defined,

Air fluid levels are seen as bubble-like lucencies within
soft tissue density (red arrow)

markedly hyperdense foci within inflammatory
reaction: due to dense matted fungal hyphae
and calcium phosphate and sulphate deposits in
necrotic areas of mycetoma (Fig. 17.5).
Soft-tissue infiltration of peri-antral fat
planes. Infiltration can extend up to premaxil-
lary area (peri-antral) or post-maxillary area
(retro antral), sphenopalatine foramen, ptery-
gopalatine fossa characterized by obliteration
of the normal fat planes in these areas. Soft
tissue infiltration can also involve nasolacri-
mal duct, medial and inferior orbital fat and
facial soft tissue (Fig. 17.6).
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Fig. 17.5 Non-contrast CT PNS image in axial plane
shows nodular mucosal thickening in left maxillary sinus
with hyperdense material in sinus cavity suggesting
chronic inspissated secretions or fungal ball

Fig. 17.6 Non-Contrast CT PNS images in axial plane
show left maxillary sinus opacification with soft tissue
density and air foci. There is the involvement of left mid-
dle turbinate and thickening of left premaxillary soft tis-
sue and retroantral soft tissue (red arrow). Air fluid levels
are seen as bubble-like lucencies within soft tissue density
in the left maxillary sinus

17.7.1.2 CT Findings in Advanced
Stage of Mucormycosis

CT scan shows bone involvement in the form of
bone rarefaction, erosions and permeative
destruction. Bony dehiscence in lamina papyra-
cea (leading to orbital invasion), posterior and
superior wall of the maxillary sinus, cribriform
plate (leading to intracranial extension), palatine
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bone (leading to palate invasion) (Fig. 17.7) are
recorded as present or absent. In most cases, the
extra sinus involvement occurred with intact
bones, indicating the perineural/perivascular
invasion of the fungus without destroying bone.
In such cases, retroantral, facial and orbital fat
stranding without involving bone indicate the
aggressive nature and advanced stage of the
disease.

17.8 Magnetic Resonance
Imaging

Magnetic resonance imaging is the most infor-
mative investigation in both early and late stages
of mucormycosis involving the paranasal sinuses,
peri antral soft tissue, orbital soft tissue, perineu-
ral spread, skull base infiltration, intracranial
complications and vascular obstruction involving
cavernous sinuses and internal carotid artery. It
can pick up the earliest changes in soft tissue
beyond paranasal sinuses, when bone involve-
ment has not happened which is better appreci-
ated on CT scan. The sequences of MRI most
suitable to pick these early signs are fat-
suppressed T2W and fat-suppressed postcontrast
T1W images. The images can show enhancement
of the premaxillary and retroantral fat suggesting
a further extension of disease or inflammation
into these regions. Further extension in the form
of enhancement involving the muscles of masti-
cation suggests extension into the infratemporal
fossa (Fig. 17.4). The involvement of pterygo-
palatine fossa can be appreciated by the presence
of enhancing soft tissue obliterating the normal
fat signals surrounding the maxillary sinus poste-
rior wall supplied by posterior branches of the
internal maxillary artery.

In mucormycosis, the affected sinuses appear
iso to hypointense on T1-weighted images.
While on T2-weighted sequences, tissues
involved have a variable enhancement pattern.
The extent of necrosis determines the T2W sig-
nal intensity (causing hyperintensity) and the
presence of paramagnetic elements such as cal-
cium concretions, iron and manganese within
the fungal hyphae (causing hypointensity).
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Fig. 17.7 (a) Non-contrast CT PNS images in the coro-
nal plane show nodular mucosal thickening in the left
maxillary sinus with bony walls erosions. Erosions are
well visualized in the left half of the hard palate and the
bony walls of left nasal cavity (red arrow). (b) Non-

Hence not a reliable marker for mucormycosis
alone.

On postcontrast (gadolinium) scans, the con-
tents of the sinuses can show intense homoge-
nous enhancement or variable enhancing and
non-enhancing areas or complete central non-
enhancing areas with or without a thin irregular
rim of peripheral enhancement. An important
finding in mucor although not pathognomonic, is
the absence of enhancement in areas that usually
do enhance. This feature is mainly because of the
angioinvasion by the fungus, leading to micro-
thrombosis and tissue necrosis in the affected
regions. This appearance, if seen in turbinate

contrast CT PNS images in the coronal plane show almost
complete bilateral maxillary opacification and visualized
ethmoid sinuses. Bony erosions are seen in the left lamina
papyracea. (c¢) Black turbinate sign left inferior turbinate
(red arrow)

bone, is termed as the ‘Black Turbinate sign’[4]
(Fig. 17.7¢). This MRI representation of disease
can be correlated to the endoscopic appearance of
the necrosis and eschar seen involving the turbi-
nate. Identification of this sign helps in the early
and timely treatment of mucor.

Another important finding which is picked up
on MRI is the earliest extra sinus involvement
seen as fat stranding in the premaxillary or retro
maxillary fat, orbital fat or altered fat signals in
pterygopalatine fossa, infratemporal fossa or
masticator space. This finding is suggestive of the
diagnosis of invasive fungal infection in the
appropriate clinical setting.
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Fig. 17.8 (a) Non-contrast T2W image of MRI PNS in
coronal plane shows hyperintense nodular mucosal thick-
ening in the left maxillary sinus. (b) Contrast-enhanced
fat-suppressed T1W image of MRI PNS in coronal plane

Specific sequences like STIR and FLAIR can
show inflammatory changes or oedema as a
bright signal in involved soft tissues.

Diffusion-weighted sequences are used to
evaluate areas of cerebral and optic nerve infarc-
tions. They demonstrate optic nerve infarction
(bright signal) when regular MR sequences show
normal optic nerves (Fig. 17.11a).

17.8.1 MR Findings

e Non-contrast T2W MRI PNS shows sinusitis
as hyperintense nodular mucosal thickening
without air-fluid levels (Fig. 17.8a).

e In the same patient, contrast-enhanced T1W
images of MRI PNS show mucosal enhance-
ment in involved sinuses and focal non-
enhancing areas in nasal/sinus cavities or
walls, suggesting the possibility of angioinva-
sive fungal infection or chronic inspissated
secretions (Figs. 17.8 and 17.9).

e Infiltration of the periantral fat planes with a
rim of soft tissue attenuation of variable
thickness along the walls of the involved
sinuses is the earliest MRI finding of extra

shows enhancing thin mucosal lining in the left maxillary
sinus and focal non-enhancing lesion in sinus cavity pos-
sibly a fungal ball or chronic inspissated secretions

Fig. 17.9 STIR image of MRI PNS in axial plane shows
hyperintense infiltration in thickened premaxillary soft
tissues on the left side. Air fluid levels seen in the left
maxillary sinus and hyperintensity in retro antral fat are
quite specific for fungal infection

sinus extension in ROCM (Fig. 17.9). Soft
tissue infiltration of premaxillary area or
post-maxillary area (characterized by oblit-
eration of the normal fat planes in the infra-
temporal fossa, pterygopalatine fossa and
pterygomaxillary fissure) may be noted
(Fig. 17.9).
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Fig.17.10 (a) MRI PNS STIR image in the axial plane and (b) T2W image in coronal plane shows infiltration of left
orbital fat, bulky and hyperintense ocular muscles suggesting orbital cellulitis (red arrow)

Fig.17.11 (a) DW image of MRI brain shows ischaemic
areas in the left temporal lobe and left pons. The bright
signal is also noted in optic nerve suggestive of optic

Orbital invasion is seen as hyperintensity in
region of retroorbital fat around the extraocular
muscles suggests soft tissue infiltration and
oedema. The medial rectus muscle in early
stages can be seen thickened and laterally dis-
placed (Fig. 17.10a, b). Further orbital involve-
ment can vary in severity from cellulitis,

nerve infarct (red arrow). (b) T2W image of MRI brain of
same patient shows left cavernous sinus thrombosis and
occluded left ICA

subperiosteal abscess, an orbital abscess to cen-
tral retinal artery or ophthalmic artery occlusion
leading to optic nerve infarction, or there can be
direct infiltration of the optic nerve (Fig. 17.11a).
Patient presenting with severe proptosis and
tenting of the globe suggests diffuse orbital
invasion.
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Fig. 17.12 Contrast-enhanced TIW images of MRI
BRAIN in the axial plane show well-defined Intra-axial
peripherally enhancing hypointense lesion in the right
temporal lobe suggestive of the abscess

e Intracranial findings include infarcts due to
vascular thrombosis or mycotic emboli lead-
ing to the formation of frontal/temporal lobe
abscesses, epidural and subdural abscesses
and central venous thrombosis (Figs. 17.11
and 17.12).

e Lack of enhancement of major vessels like the
internal carotid artery, superior ophthalmic
vein or ophthalmic artery is suggestive of
thrombus formation due to angioinvasive
nature of the fungus.

17.8.2 Management

e Early clinical diagnosis and a high index of
suspicion is the key to reducing patient mor-
bidity and mortality.

e Nasal endoscopy is performed at the earliest,
and a sample from suspicious tissue or dis-
charge is taken and sent for KOH mount.
Empirical antifungal therapy is initiated in

suspected cases, even when the report of KOH
staining is awaited.

Stringent control of hyperglycaemia and
Ketoacidosis is achieved. In case D-dimer is
raised due to associated COVID-19 infection,
anticoagulant therapy is also continued. The
physician’s role is vital in achieving control of
hyperglycaemia and post-COVID complica-
tions other than mucormycosis.

Surgery includes an endoscopic approach in
case disease is limited to sinuses, endoscopic
medial maxillectomy if the disease is located
in the deeper posterolateral part of maxillary
sinuses or involving the pterygopalatine fossa.
In case of orbital involvement, removing lam-
ina papyracea and clearing diseased tissue and
intraorbital irrigation with amphotericin B
(extra and intraconal depending on the extent
of disease) is performed. Once the extra sinus
spread involves palate, open approach surgery
in the form of subtotal, total maxillectomy
(Weber Ferguson approach) with or without
orbital exenteration (in case of diffuse orbital
involvement with complete ophthalmoplegia)
is performed.

Early and aggressive debridement of the
eschar and necrotic tissue is a must to decrease
the fungal load, reduce the complications (e.g.
vascular thrombosis) and also for maximum
delivery of antifungal medications to remain-
ing viable tissue. The debridement is contin-
ued and followed till its last extent, and all
necrotic tissue, pus and eschar are removed till
normal well-perfused bleeding tissue appears.
Antifungal therapy (parenteral amphotericin
B or Isavuconazole) is started at the earliest.
Based on safety and efficacy data Liposomal
Amphotericin B remains the drug of choice:
Renal functions are monitored essentially to
detect the amphotericin B-induced nephrotox-
icity at the earliest.

The recommended dose of Amphotericin is:
Injection Liposomal Amphotericin B, 3—-5 mg/
kg/day to a total of up to 5.6 g. The drug is
continued for weeks together, and once the
disease is controlled, the dose is decreased to
a maintenance dose of 1 mg/kg/day, followed
by a step-down therapy with the antifungal
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drug Posaconazole. The response to treatment
is evaluated by clinical improvement, endo-
scopic clearance and repeated KOH staining
and culture and radiological studies.

» Topical Amphotericin is also used for irrigation
of the involved orbit and paranasal sinuses after
surgery and in the post-operative period at regu-
lar intervals with excellent results. In cases of
orbital involvement, delivery of topical ampho-
tericin B volume 15 mL (0.5-1 mg/mL) to the
infected site once or twice daily can achieve
excellent results. Intraconal injection of ampho-
tericin B (1 mg/mL) for at least a week along
with intravenous amphotericin B is used in
cases of extensive orbital involvement.

* Recommended dosage and schedule of the
antifungal medication, Isavuconazole in case
Amphotericin molecule is toxic, is a loading
dose of 200 mg intravenous or oral
Isavuconazole eight hourly for 48 h followed
by 100 mg capsules two capsules once a day
for 7 days

e Once the disease and other patient parameters
are under control, maintenance therapy with
oral Posaconazole 300 mg twice a day is to be
given for 1 month, followed by 300 mg once a
day until the patient is completely disease
free.

e The patient is to be assessed clinically, regu-
larly, with endoscopic clearance of disease
and necrotic tissue every 48 h until the disease
is completely cleared or eradicated.

17.9 Surgical Management

17.9.1 Case 1:Involvement
of the Anterior Part
of the Nasal Septum

A patient presented to us with a history of breath-
lessness, nasal obstruction, blood-stained nasal
discharge and facial pain. He tested positive for
COVID 20 days before presenting to us. He was
suffering from Diabetes Mellitus, and others had
systemic features of COVID at the time of
presentation.

17.9.1.1 Clinical and Haematological
Evaluation

At the time of admission patient was found afe-
brile, breathless and hypoxic. He underwent a
complete systemic and laboratory evaluation.
Relevant baseline investigations revealed a
haemoglobin value of 10.40 g/dL (normal
13-17 g/dL), mild lymphopenia (9.60%; nor-
mal 20-40%) and eclevated serum creatinine
(1.57 mg/dL; normal 0.70-1.20). C-reactive
protein (CRP) was 29.53 mg/l (normal <5.0),
procalcitonin (PCT) was 0.34 ng/mL (normal
<0.5), with a D-dimer assay of 1547 ng/mL
(normal 0-243) and an IL6 level of 3439
micrograms/mL (normal 0-7.0), suggestive of
a severe cytokine storm.

Other blood tests were also performed like
complete blood count (CBC), kidney function
test (KFT), liver function test (LFT), thyroid-
stimulating hormone (TSH), glycosylated hae-
moglobin (HBAIC), random blood sugar (RBS),
C-reactive protein quantitative, D-Dimer and
serum ferritin. HBAIC, RBS, CRP and D-Dimer
were found to be raised while the total leucocyte
count was within the normal limit.

Twice daily evaluation of other parameters
was carried out as per mucor checklist for further
progression of disease.

The patient underwent a thorough assessment
by a multidisciplinary team of otorhinolaryngol-
ogist, physician, pulmonologist, neurosurgeon
and ophthalmologist. A diagnosis of post-COVID
mucormycosis with bilateral pneumonitis and
diabetes mellitus was made.

17.9.1.2 Imaging

Imaging included computed tomographic scans and
magnetic resonance imaging of paranasal sinuses
(PNS), orbit and brain. Chest status was also assessed
by X-ray Chest PA view followed by HRCT thorax.
Both X-ray and CT thorax showed central and
peripheral areas of ground glass opacities. There was
an interstitial septal thickening more in bilateral
lower lobes and the CT severity scoring was 22/25.
The radiological diagnosis was bilateral post-
COVID pneumonitis with fungal infection involving
anterior part of the nasal septum.
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17.9.1.3 Confirmation of Diagnosis
Confirmation of diagnosis was done by collecting
smear/biopsy from the lesion with appropriate pre-
cautions and sent for KOH staining. The KOH stain
showed aseptate hyphae suggesting mucormyco-
sis. Histopathological evaluation (HPE) of the
nasal discharge revealed broad aseptate ribbon-like
fungal hyphae on KOH wet mount. A nasal swab
did not have significant findings but a nasal biopsy
from the middle turbinate revealed broad aseptate
filamentous fungal hyphae suggestive of mucor-
mycosis and Sabouraud dextrose agar (SDA)
media grew mucormycosis.

17.9.1.4 Treatment of COVID

The exact date of onset of COVID is noted and

the treatment is started by the physician. Use of

steroids and immunosuppressant drugs like

tocilizumab is avoided.

1. Evaluation and management of Diabetes

As hyperglycaemia in mucormycosis leads to the
flaring up of the disease, it needs to be treated
rigorously using a strategical approach. Since
the patient had a Random blood sugar of more
than 200 mg/dL, fasting blood sugar more than
124 mg/dL % and HBAIC more than 6.4% diag-
nosis of diabetes mellitus was confirmed. Anti-
diabetic treatment was started immediately in
the form of insulin infusion followed by oral
hypoglycaemic agents and his blood glucose
levels were kept well under control. All those
patients who never had diabetes before covid but
showed a high level of sugar owing to the steroid
intake were also treated as cases of diabetes
mellitus.

2. Treatment for respiratory system

The status of the respiratory system was assessed
on HRCT chest. There was no fungal dissemi-
nation to the lungs but as HRCT chest showed
severe COVID-associated pneumonia. Patient
was put on supplemental high flow oxygen sup-
port, antifibrotic drugs like Nintedanib tablet
formulations and anticoagulants. Steroids and
immunosuppressants are avoided in these
patients as they may lead to further exacerba-
tion of mucormycosis. Broad-spectrum antibi-
otics were also avoided and only culture-specific

antibiotics were given. Once the patient’s lung
condition improved, he was subjected to pul-
monary function tests and 6 min walk test and
finally could be weaned off the oxygen support
on the 25th day of admission. Doses of antico-
agulants and antifibrotic drugs were also tai-
lored according to requirement of patient and
finally tapered off after 1 month.

17.9.1.5 Treatment of Mucormycosis

1. Medical management:

Patient was treated with injection liposomal
amphotericin B in the dose of 0.5 mg/kg/day.
He was also given intravenous meropenem (1 g
thrice daily) and vancomycin (1 gram twice
daily) with the addition of amphotericin B.

2. Surgical management:

After the improvement in patient’s general con-
dition, endoscopic debridement was carried
out. Since this case had limited disease involv-
ing only the anterior part of the nasal septum,
the lesion was debrided and sent for histopa-
thology and culture.

Lactophenol cotton blue (LPCB) stain after cul-
ture on Sabouraud dextrose agar (SDA)
showed broad aseptate ribbon-like hyphae
branching at right angles (black arrow) with
sporangium.

Post-operative nasal endoscopy and cleaning
were performed every 48 h and the crusts
were sent for KOH till they became negative
for mucormycosis (Figs. 17.13, 17.14, 17.15,
17.16, and 17.17).

17.9.2 Case 2: Involvement
of the Posterosuperior Part
of the Nasal Septum
and Bilateral Sinuses
17.9.2.1 Imaging (Figs. 17.18
and 17.19)
The CT scan of paranasal sinuses showed pansi-
nusitis involving all the sinuses on both sides. A
post-gadolinium-enhanced ~ MRI, however,
showed mucor involving only the nasal septum in
its posterosuperior part.
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Fig.17.14 Non-contrast CT PNS image in coronal plane

Fig. 17.13 Patient on high flow oxygen support as a  shows irregular mucosal thickening with bony erosions in
patient suffering from post-COVID pneumonia anteroinferior nasal septum on the left side

Fig.17.15 (a, b) Contrast-enhanced MRI PNS fat-suppressed T1W images in coronal plane show mucosal irregularity
and non-enhancing areas in nasal septum anteriorly
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Fig.17.16 (a) Eschar formation and mucor involving anterior part of the nasal septum on left and (b) On the right side.
(c) Excised necrotic tissue with eschar to be sent for KOH staining and culture sensitivity

Fig. 17.17 (a) Clearance of disease on the left side. (b) Clearance of disease on the right side
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Fig. 17.18 Non-contrast CT PNS images in coronal (a) and axial (b) planes show almost complete opacification of
bilateral frontal, maxillary and ethmoid sinuses. Soft tissue density is also seen in fronto-ethmoid recesses

Fig. 17.19 MRI PNS Contrast-enhanced fat-suppressed
TIW images in axial (a) and coronal (b) planes show
enhancement of mucosal lining in bilateral maxillary and
ethmoid sinuses. Non-enhancing areas are seen in sinus

17.9.2.2 Surgical Findings (Figs. 17.20
and 17.21)

On endoscopic surgical management, the

sinuses were found to be filled with pus and

fungal infection found to be involving only

cavities suggesting thick secretions/pus. Focal non-
enhancing area seen in the superior part of nasal septum
suggests fungal infestation (red arrow)

the posterosuperior part of nasal septum with
involvement of both bone and cartilage. All
sinuses were cleared, and the mucor infested
nasal septum was excised till normal healthy
septal margins were reached in all directions.
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Fig.17.20 (a) Left nostril: after uncinectomy, pus filling left maxillary sinus aspirated and sinus cleared of disease. (b)
Aspirated pus. (¢) The left maxillary sinus shows no trace of mucor



226

M. Mehta et al.

Fig. 17.21 (a) Right nasal cavity with healthy middle
turbinate (white arrow) and involvement of posterosupe-
rior part of septum by mucormycosis (black arrow) proved
on KOH staining. (b) mucor involving posterosuperior

17.9.3 Case 3: Involvement
of the Left Maxillary Sinus
and its Lateral Wall
17.9.3.1 Radiological Findings (Figs. 17.22,
17.23,17.24,and 17.25)
The CT scan showed polypoidal mucosal thick-
ening involving left maxillary sinus in its
medial and inferior part. The MRI T2W images

part of septum. (¢) Final picture, after clearance of disease
from all paranasal sinuses on both sides and excision of
diseased septum till normal septum reached in all
directions

showed hyperintense mucosal thickening with
few hypointense areas within it, involving the
medial and inferior part of the left maxillary
sinus.

17.9.3.2 Surgical Management

(Fig. 17.26)
Endoscopic surgery in the form of uncinectomy
and middle meatal antrostomy was performed via
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Fig.17.22 (a, b) Non-contrast CT PNS images in coronal and axial planes show polypoidal mucosal thickening in left

maxillary sinus in its inferior and medial part

Fig.17.23 T2W MRI PNS images in coronal plane show
hyperintense mucosal thickening in left maxillary sinus
with few hypointense areas within it

left nostril. Complete clearance of the disease
was achieved and the necrotic tissue excised was
sent for KOH mount. On receiving positive report
for nucor, the patient was put on medical treat-
ment which included Injection of Liposomal
Amphotericin B. Patient became disease free
within 3 weeks.

-
DN

Fig. 17.24 STIR images of MRI PNS in axial plane
show left maxillary sinusitis with inflammation/oedema in
left premaxillary as well as periantral soft tissues

17.9.4 Case 4:Involvement
of the Lateral Wall
of the Maxilla

17.9.4.1 Radiological Findings

(Figs. 17.27 and 17.28)

CT scan and MRI showed disease localized to

maxillary sinus left side involving its lateral most

part.
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Fig. 17.25 Contrast-enhanced fat-suppressed TIW images in coronal (a) and axial (b) planes showing non-enhancing
lesion involving inferior and medial quadrant of left maxillary sinus (red arrow)

ZAN

Fig. 17.26 (a) Uncinectomy and middle meatal antros-  maxillary sinus. (b) After clearance of disease, the healthy
tomy performed on left side. Per operative findings show-  though hypertrophic mucosa of maxillary sinus visible.
ing fungal involvement of inferior and medial part of left ~ (¢) The mucor infested necrofic tissue
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Fig. 17.27 CT PNS images in the coronal plane show
nodular mucosal thickening in bilateral maxillary sinuses

Fig. 17.28 Contrast-enhanced T1W image in coronal
plane shows non-enhancing sinus mucosa in left maxil-
lary sinus (red arrow)

17.9.4.2 Surgical Steps and

Findings (Figs. 17.29

and 17.30)
Endoscopic sinus surgery: Uncinectomy with
middle meatal antrostomy could not expose the
area infested with mucormycosis. Endoscopic
medial maxillectomy was performed to reach the
lateral most part of sinus and complete clearance
of disease was achieved. Medical treatment
started after confirmation of aseptate broad
hyphae on KOH mount.

Fig. 17.29 (a) Left nostril: A showing medial maxillec-
tomy in progress. (b) Location of disease far more later-
ally in maxillary sinus

The two cases described above, show how the
treatment is to be customized according to the
location and extent of disease.

17.9.5 Case 5: Involvement of the
Sinuses, Pterygopalatine Fossa
and Orbit

A Thirty-eight year-old male came to emergency
department on tenth day of COVID illness with
complaints of left-sided facial pain, pain over left
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Fig. 17.30 (a) After medial maxillectomy the complete extent of disease is visualized. (b) Complete clearance of
disease

upper jaw, fever and breathlessness. The patient
was a known case of poliomyelitis.

17.9.5.1 Clinical Features

Patient presented with a history of drooping of
the left upper eyelid and facial swelling. On
examination he was afebrile, but had proptosis
left eye with oedema over the left side of the face.
He underwent a complete systemic and labora-
tory evaluation.

A multidisciplinary team including otorhino-
laryngologist, radiologist, physician, neurosur-
geon and ophthalmologist carried out a
comprehensive evaluation of the patient and a
diagnosis of COVID-associated mucormycosis
was made.

17.9.5.2 Investigations

The investigation performed were CT PNS, orbit
and brain (Fig. 17.31), MRI PNS with contrast
(Figs. 17.31 and 17.32) and X-ray Chest PA view
followed by HRCT chest.

The baseline blood investigations showed
raised blood sugar levels and patient was found
to be suffering from undetected diabetes
mellitus.

Nasal crusting was sent for KOH wet mount
examination and revealed broad aseptate acute angle
branching hyphae suggestive of mucormycosis.

17.9.5.3 Blood Screening

The team sent routine blood investigations,
including complete blood count, kidney func-
tion test, liver function test, random blood
sugar, glycosylated haemoglobin and arterial
blood gas analysis. All the levels were deranged,
including a high total leukocyte count that kept
rising for 5-6 days. Twice daily evaluation was
performed, as per mucor checklist for further
disease progression and following treatment
started.

17.9.5.4 Treatment for COVID

The exact onset date was noted, and the physi-
cian started the treatment taking care to avoid the
use of steroids and immunosuppressant drugs
like tocilizumab as the patient was already
immunocompromised. He was started on low-
molecular weight heparin in the dose of 0.4 unit
subcutaneous once a day, as his D-dimer levels
were raised.

17.9.5.5 Evaluation and Management

of Hyperglycaemia
He was a case of undetected diabetes, so his
blood sugar levels were monitored every 4 h and
the physician started subcutaneous insulin. Later
he switched the patient on oral hypoglycaemic
agents.
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Fig. 17.31 (a) CT PNS showing opacification of left
maxillary sinus. (b) Left maxillary sinus opacification
with soft tissue density and thickening of left retroantral
soft tissue (red arrow). (¢, d) T2W image of MRI PNS in

aa L

coronal and axial plane shows mucosal hypertrophy of left
middle and inferior turbinates with soft tissue infiltration
of preantral and retroantral area suggesting involvement
of pterygopalatine area (red arrows)

Fig.17.32 Contrast-enhanced T1W images of MRI PNS in coronal plane (a) and (b) show non-enhancing areas in left
middle and inferior nasal turbinates and also in lateral and inferior wall of left nasal cavity (red arrow)
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17.9.5.6 Treatment of Respiratory
System

The physician reviewed HRCT chest, and as the

patient was maintaining SpO, on room air, no

active management was needed for his respira-

tory system.

17.9.5.7 Treatment of Mucormycosis
Once the KOH was suggestive of mucormyco-
sis first-line antifungal treatment with Inj.
Liposomal amphotericin-B was started (5 mg/
kg/day, the total being 300 mg single dose i/v).
Supportive therapy with intravenous injection
cefoperazone with sulbactam (1.5 g BD) was
also started.

17.9.5.8 Surgical Treatment

As the contrast-enhanced TIW image of MRI
PNS in axial plane showed involvement of left
pterygopalatine fossa, though the posterior wall
of left maxillary sinus was intact, endoscopic sur-
gical debridement in the form of left medial max-
illectomy along with excision of necrotic part of
middle turbinate was performed to clear disease
from maxillary sinus and pterygopalatine fossa.
Posterior bony wall of maxillary sinus was
removed and the necrotic diseased tissue was
excised from pterygopalatine fossa after clipping
the sphenopalatine artery.

Debridement and regular cleaning were per-
formed every 48 h for 14 days along with inject-
able antifungal in the form of liposomal
amphotericin B for 10 days which then was fol-

lowed by tab Posaconazole 300 mg BD for
3 weeks further followed by maintenance therapy
of posaconazole 300 mg once a day for 15 days.
Patient became disease free after 2 months.

The fungal culture reported from HPE sample
was Rhizopus Microsporum.

Three months after surgery and antifungal
treatment, complete clearance of disease achieved
(Fig. 17.33).

17.9.6 Case 6: Mucor Involving
Lateral Wall and Floor
of the Right Maxillary Sinus
and Hard Palate

17.9.6.1 Radiological Findings
Figures 17.34 and 17.35.

17.9.6.2 Surgical Steps and Findings
As the mucor was invading the bone in the inferior
and lateral wall of the right maxillary sinus along
with involvement of right-sided hard palate, subto-
tal (infrastructure) maxillectomy was planned.
Pre-operatively following are discussed with
patients and relatives about facial incisions,
potential injury to the infraorbital nerve, recon-
structive options and the loss of dentition with
the need to wear dentures or have dental implants
and are also included in the consent.
Intraoperatively necrotic tissue was found in
the right maxillary sinus and inferior and lateral
bony maxillary walls were eroded.

Fig.17.33 (a) STIR axial and (b) T2W coronal images show post-operative defects in left nasal cavity and left maxil-
lary sinus with complete clearance of disease
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Fig.17.34 (a) Axial STIR images show bilateral maxillary sinusitis along with involvement of palate. (b) Inflammation

is seen in the right premaxillary and retroantral space

Fig. 17.35 (a) T2W and (b) contrast-enhanced T1W images in coronal plane show non-enhancement of lateral and
inferior walls of right maxillary sinus and hard palate (red arrow)

Subtotal (Infrastructure) maxillectomy is per-
formed in three stages:

1. Soft tissue dissection and bone exposure
2. Bone resection
3. Closure and reconstruction

In subtotal (infra structure) maxillectomy, the
upper one-third consisting of the orbital floor
formed by the roof of the maxillary sinus and the

zygomatic arch is disconnected from lower two-
thirds, including the hard palate and alveolar
ridge. This is done by an osteotomy just beneath
the infraorbital foramen.

Classical Weber Ferguson sub-ciliary incision
was given and skin and subcutaneous flap ele-
vated off the surface of maxilla. Next, a full-
thickness incision was given on upper lip and
divided up to the gingivolabial sulcus. The upper
cheek flap was elevated completely by taking an
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incision in upper gingivobuccal sulcus remaining
close to the gingiva and extended up to the maxil-
lary tuberosity. The key to elevating cheek flap
completely is to remain right over the periosteum
of the maxilla until its posterolateral aspect is
exposed. While elevating this flap we encounter
the infraorbital nerve exiting from the infraorbital
foramen and entering into soft tissue of cheek.
The nerve was preserved in this case. Then the
soft tissue along the ala of the nose was divided
and through the mucosa of lateral wall of the
nasal cavity entry was made into the nasal
cavity.

Osteotomies were performed in the following
sequence:

Lateral wall of the maxillary sinus.

Anterior wall up to nasal vestibule.

Parallel to the orbital floor. Markings for bony
cuts were made in a way that a rim of bone around
the infraorbital foramen was preserved.

Posteriorly pterygoid plates are made free
from the maxillary tuberosity.

The hard palate osteotomy began with a verti-
cal cut in between the central and lateral incisors
on the alveolar ridge, then continued backward in
a parasagittal plane on the ipsilateral side of the
nasal septum, parallel to the intermaxillary and
interpalatine sutures to reach the posterior edge
of the hard palate. The hard palate was then sepa-
rated from soft palate.

To complete the osteotomy a horizontal cut
was made through the lateral maxillary wall
and a vertical cut extending across the front of
the posterior maxillary wall and through the
retromolar region, reaching the medial maxil-
lary wall and the perpendicular plate of the
palatine bone, which is wedged into the lateral
nasal wall between the maxilla and the sphe-
noid pterygoid process. The next bone cut is
continued done keeping in mind, if possible to
leave a ledge of the posterior maxillary wall
attached to the pterygoid process. This cut is
made through the inferior or middle nasal
meatus to the pyriform aperture. Initially, all
bone cuts are made using a power saw or drill,
then sharp osteotome is used to connect the cuts
or holes made by drill, and the surgical speci-
men is removed by clearing all soft tissue con-
nections using electrocautery (Figs. 17.36,
17.37, 17.38, and 17.39).

Fig. 17.36 Erosion of right-sided palate (bone and

mucosa) by the disease

L%

Fig. 17.37 Weber-Ferguson incision left side

Fig. 17.38 After lifting the skin flap, the soft tissues of
the face are elevated off the face of the maxilla. Markings
on maxilla for bone cuts are visible
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Fig. 17.40 (a, b) Post-surgical findings at the surgical site after two months showing complete clearance of disease

with healthy mucosa covering all the raw areas

e Post-surgery radiological findings
(Fig. 17.40).

e Two months after surgery and complete
course of anti fungal medication, complete
clearance of disease could be achieved with
healthy mucosa covering all the raw areas
(Fig. 17.41).

» For reconstruction of palatal defect, pedicled
temporalis muscle flap surgery was per-
formed in second stage after 3 months of pri-
mary surgery, once all the laboratory and
radiological parameters showed complete
clearance of disease (Figs. 17.42, 17.43,
17.44, and 17.45).
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Fig. 17.41 (a, b) Post-subtotal maxillectomy right side showing complete clearance of disease with healthy mucosa
covering all the raw areas. Tongue black arrow, middle turbinate red arrow, septum yellow arrow

Fig.17.42 (a) Temporalis muscle harvested. (b) Temporalis muscle transferred to face from beneath zygomatic bone.
(¢) Temporalis muscle flap sutured to surrounding soft tissue. (d) Final suturing of incision line




17 Clinical Profile and Management of a Series of Rhino-Orbital-Cerebral Mucormycosis Cases...

237

17.9.7 Cases of Orbital Involvement
17.9.7.1 Case Number 7a
17.9.7.2 Case Number 7b
17.9.7.3 Case Number 7c

17.9.7.4 Case Number 7d

A 47-year-old male presented with a history of
pain in the right upper jaw, watering from his
right eye, swelling around the right eye and
breathlessness. He developed these symptoms a
month after the COVID. He had a history of coro-
nary artery disease and was a known case of
diabetes mellitus, hypertension and
hypothyroidism.

Evaluation
On admission, he was afebrile, tachypnoeic and
hypoxic. He underwent a complete systemic and

laboratory evaluation. A multidisciplinary team
evaluated the patient as per protocol. Nasal dis-
charge was sent for KOH wet mount that revealed
broad aseptate hyphae.

Imaging

CT scan of paranasal sinuses and orbit, various
sequences of MRI along with HRCT chest per-
formed. Contrast-enhanced TIW MRI revealed a
non-enhancing focus in the right inferior turbi-
nate and right maxillary sinus with mucosal
thickening in the right ethmoidal and frontal
sinuses. HRCT Chest revealed multiple patchy
ground glass opacities in bilateral lower lobes CT
severity score 15/25.

Blood Screening

After admission, the various blood tests per-
formed were CBC, KFT, LFT, TSH, HBA1C,
RBS, CRP QUANTITATIVE,
S. Ferritin.

D-Dimer and

Fig. 17.43 (a) Left eye ptosis on the day of admission. (b) 30 days after surgery ptosis is resolved

Fig. 17.44 (a) Patient with left periorbital swelling, ptosis. (b) Coronal CT-PNS of the same patient showing fat
stranding in medial and superior extra conal compartment of left orbit. Medial rectus muscle is bulky
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Fig. 17.45 (a) Left eye proptosis and ptosis, (b) MRI
PNS contrast-enhanced TIW coronal images—hypoin-
tense and non-enhancing left inferior turbinate, part of
middle turbinate, posterior part of maxillary sinus, floor of

Treatment

Evaluation and management of Diabetes
Mellitus and Coronary artery disease were car-
ried out. Since the patient was an old case of
diabetes mellitus and had undergone coronary
artery bypass grafting 5 years ago, a cardiolo-
gist’s opinion was taken.

Simultaneous management under the intensiv-
ist and pulmonologist was continued. The patient
was hypoxic, and the HRCT chest revealed signs
of atypical pneumonitis. The patient was put on
oxygen supplementation intermittently for a
week and was then weaned off the oxygen suc-
cessfully. He has continued on intravenous
meropenem 1 g thrice daily along with IV moxi-
floxacin 100 mL twice a day.

As KOH wet mount revealed broad aseptate
hyphae, he was also given an injection of
Liposomal amphotericin-B (5 mg/kg/day).
Regular monitoring of renal function tests was
done with the period of drug holiday as and when

orbit and bulky extraocular muscles. (¢) T2W coronal
images show nodular mucosal thickening in left maxillary
sinus and T2 hypointense areas in left middle and inferior
nasal turbinates. Fat stranding is seen in left orbital space

the serum creatinine level doubled the baseline.
Potassium supplementation was also given to
tackle hypokalaemia.

Surgical Management

The patient was taken up for Endoscopic surgical
debridement with ICU backup. Medial maxillec-
tomy with excision of inferior and middle turbi-
nate with clearance of necrotic fungal debris
from the maxillary sinus and pterygopalatine
fossa performed and tissue sent for HPE and fun-
gal culture. Clinically patient had orbital symp-
toms which were correlated with per operative
findings, so orbital decompression was
performed, infected lamina papyracea and
infected extraconal fat strands were cleared.

1. After a few days, the patient was relieved of
his orbital swelling and watery discharge from
the eye. Endoscopic suction and cleaning
were done every 48 h. The patient was contin-
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ued on Inj. Liposomal amphotericin-B for
14 days and then shifted to Tab Posaconazole
300 mg BD for 21 days followed by tab
posaconazole 300 mg once a day for 1 month.

The patient is under regular follow-up and
MRI 45 days after surgery confirmed clearance
of disease.

e Pre-operative radiological finding (Fig. 17.46).

e Post-surgery (45 days) (Fig. 17.47): Clinical
picture showing the disappearance of perior-
bital oedema and radiological images showing
complete clearance of disease.

17.9.8 Case 8: Extensive Orbital
Involvement

A 50-year-old male presented to the emergency
department on the fifth day of his COVID illness

¥ 16, Iem

/' 1/t

17 May 20:

Fig. 17.46 (a) Mild periorbital oedema right eye. (b)
CT-PNS coronal view; mucosal thickening in right maxil-
lary and ethmoid sinuses and focal erosion of right lamina
papyracea, (¢) CT-PNS axial view—mucosal thickening

with complaints of fever, left-sided facial pain,
pain over the left upper jaw and ptosis, proptosis,
diplopia and loss of vision in the left eye.

17.9.8.1 Examination

The patient was febrile, had conjunctival che-
mosis, restricted left extraocular movements,
ptosis and proptosis. He was admitted, and a
complete systemic and laboratory evaluation
was done by a multidisciplinary team of otorhi-
nolaryngologists, radiologists, ophthalmolo-
gists and a physician.

17.9.8.2 Investigations

All routine biochemical investigations were done,
including complete blood count, random blood
sugar, kidney function tests, liver function test, gly-
cosylated haemoglobin, C-reactive protein (quanti-
tative), Serum Ferritin and D-dimer were done.

in right ethmoid cells and erosions in lamina papyracea,
(d) Axial STIR images through orbit show mucosal thick-
ening in ethmoid air cells, more on the right side and mild
fat stranding in the medial compartment of right orbit



240

M. Mehta et al.

Fig.17.47 (a) Clinical picture of patient 45 days after surgery note periorbital swelling reduced. (b) MRI coronal view
of the same patient 45 days after surgery; complete clearance of disease

Nasal endoscopy was done, and eschars were
sent for KOH wet mount, which revealed broad
aseptate hyphae.

17.9.8.3 Radiological Investigations
Radiological investigations were performed as
per protocol and included CT scans of paranasal
sinuses and orbit, TIW, T2W and T1W with gad-
olintum contrast MRI images of paranasal
sinuses, orbit and brain.

CT scan of paranasal sinuses revealed
opacification in the left maxillary sinus and left
anterior ethmoids with air pockets. It also
showed hyperdensities within the sinus cavity.
T2w MRI PNS showed hyperintense shadows
in the left maxillary sinus, hypointense areas in
the left ethmoid sinus, medial wall of the max-
illary sinus and left nasal cavity. Periorbital tis-
sue appears bulky, which could be correlated
clinically with proptosis. Premaxillary soft tis-
sue is  hyperintense  suggestive  of
inflammation.

In STIR sequences, hyperintense areas are
noted in left maxillary sinus mucosa, periorbital
and premaxillary soft tissue, suggesting inflam-
mation. Left extraocular muscles, intraconal and
extraconal orbital fat appear hyperintense, which
points towards extensive orbital involvement. On
post-contrast TIW images, fungal invasion is

suggested by hypointense non-enhancing areas in
left maxillary sinus mucosa, medial wall and
floor of the maxilla along with non-enhancing
left inferior turbinate.

17.9.8.4 Radiological Findings
Figures 17.48, 17.49, 17.50, 17.51, 17.52, 17.53
and 17.54.

17.9.8.5 Treatment of COVID
Symptomatic treatment was started by a physi-
cian, including subcutaneous injection of low
molecular weight heparin in the dose of 0.4 units
once a day. No steroids and immunosuppressants
were given, and the patient was reviewed regu-
larly by the physician.

17.9.8.6 Treatment for Diabetes
Mellitus

Patient had uncontrolled diabetes and was

started on regular insulin with blood sugar mon-

itoring. Strict controls were maintained to avoid

Ketoacidosis.

17.9.8.7 Treatment for Mucormycosis
After the diagnosis of the mucormycosis was con-
firmed on KOH mount, the patient was immedi-
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Fig.17.48 (a,b) CT PNS images in the coronal plane show nodular mucosal thickening in the left maxillary sinus, left
ethmoid air cells and left nasal cavity. Hyperdense areas are seen within the sinus cavity

Fig. 17.49 (a, b) CT PNS images in the axial plane show nodular mucosal thickening in the left maxillary sinus, left
ethmoid air cells and left nasal cavity

ately started on intravenous Liposomal
Amphotericin-B (5 mg/kg/day). He tolerated anti-
fungal drugs, and his renal functions test were
maintained within normal limits during the treat-
ment. Liposomal amphotericin-B was adminis-

tered for 14 days along with tab Posaconazole
300 mg twice a day for 21 days. Later on, the
patient was switched to the maintenance dose of
tablet Posaconazole 300 mg once a day for a
month.
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Fig. 17.50 T2W MRI PNS images in the axial plane
show mucosal thickening in the left maxillary sinus and
ethmoid air cells with T2 hypointense areas. Fat stranding
is seen in the left orbit

Fig. 17.51 T2W axial images show Inflammation/infil-
tration in left premaxillary soft tissues

Fig. 17.52 (a, b) T2W MRI PNS images in the coronal nasal cavity, left ethmoid air cells and along the medial
plane show hyperintense mucosal thickening in the left  wall of the left maxillary sinus suggesting fungal infection
maxillary sinus. T2 hypointense areas are seen in the left  (red arrow)
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Fig. 17.53 (a, b) STIR images in MRI PNS in coronal  cells. There is inflammation of intraconal and extraconal
plane show hyperintense mucosal thickening in left max-  fat in the left orbit. Left orbital muscles are bulky and
illary sinus, left nasal cavity and left fronto-ethmoid air  hyperintense

Fig. 17.54 (a) Contrast-enhanced TIW images in coro- medial wall and floor of the left maxillary sinus. Left infe-
nal plane show non-enhancing sinus mucosa in the left rior nasal turbinate is also non-enhancing
maxillary sinus. (b) Non-enhancing areas are seen in the
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17.9.8.8 Surgical Management

(Figs. 17.55,17.56,17.57,17.58,

17.59, and 17.60)
Since the patient had extensive disease in the left-
sided sinuses and orbit (complete involvement of
the globe with total loss of vision), after discus-
sion with the ophthalmologist, left orbital exen-
teration along with total left maxillectomy was
planned. Orbital exenteration is a procedure per-
formed along with total maxillectomy when a
disease has extended through the bony wall, peri-
osteum and involves all layers, including the fat,
muscle or entire orbital contents, the eyelids and
lacrimal apparatus.

The incision given was a modified Weber-
Ferguson incision with a supraciliary extension.
As the eyelid skin was lifted, the underlying soft
tissue was found to be inflamed and necrosed.
The upper cheek flap was elevated to expose the
entire anterior and anterolateral wall of the max-
illa. On subperiosteal dissection of the orbit, the
medial orbital wall and the medial rectus muscle
were necrosed, and the ethmoids were also full of
disease. Orbital samples were sent separately for
histopathology and fungal culture. All the soft
tissue attachments of the maxilla, anterior, lat-
eral, in the oral cavity and the orbit were divided.
The osteotomies, in this case, included the infe-
rior orbital rim and orbital floor and extended
through the frontal process of the maxilla and the
lacrimal bone, through lamina papyracea and

anterior ethmoid to include the left globe in the
specimen.

The rest of the osteotomies were the same as
in subtotal maxillectomy explained in case num-
ber 6. After completing the osteotomies, soft tis-
sue and muscular attachments on the posterior
aspect of the maxilla were divided, and the inter-
nal maxillary artery was cauterized. The orbital
rim was exposed circumferentially, and the
attachment of the orbital periosteum to the orbital
rim was incised in its superior half. The extraocu-
lar muscles at the apex of the orbit were divided.
Optic nerve and accompanying blood vessels
were clamped and divided, and the left eye with
both eyelids was delivered with the maxillectomy
specimen.

Unfortunately, this patient was lost to fol-
low up.

17.9.9 Case 9: Intracranial Spread

A 49-year-old male presented to the neurology
department with breathlessness and fever for the
last 1 month. He had an episode of generalized
tonic-clonic seizure a day before presenting to
us. At the time of admission, the patient was
conscious and oriented, and his vitals were sta-
ble. He was kept under the neurology depart-
ment and was investigated using blood tests and
imaging.

skin incision  for

Fig.
maxillectomy

17.55 Weber-Fergusson

Fig. 17.57 Palatal incision
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Fig. 17.56 After lifting the skin flap, the soft tissues of
the face are elevated off the anterior and lateral surface of

the maxilla

Fig. 17.59 Orbital exenteration with total maxillectomy
performed. Skin and soft tissue incision to be sutured back

17.9.9.1 Blood Investigations

The routine investigations revealed elevated total
lymphocyte count (16.3 x 10°L) and CRP
(97.9 mg/L), suggesting infection/inflammation.

Fig. 17.58 Exenteration of left eye also performed along
with maxillectomy

Fig. 17.60 Twenty-four hours post-surgery with sutures
of incision line in place

17.9.9.2 Imaging (Fig. 17.61)

The contrast-enhanced CT scan of the head
revealed an ill-defined, hypodense lesion with
peripheral enhancement and surrounding
oedema in the right inferior and medial tempo-
ral region, suggesting a temporal lobe abscess.
A Lumbar puncture revealed lymphocytic
meningitis. HRCT Chest showed signs of
severe covid pneumonitis with a CT Severity
Score of 18/25.
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Fig. 17.61 (a) Contrast-enhanced CT PNS and brain (b) images in axial plane show hypodense lesion with mild
peripheral enhancement in right temporal lobe suggestive of the abscess

17.9.9.3 Treatment of COVID

COVID symptoms related to his respiratory sys-
tem were treated by the physician and an inten-
sivist using  broad-spectrum  intravenous
antibiotics like Cefoperazone with Sulbactam
and colistin.

The treating team suspected mucormycosis,
and an otorhinolaryngologist was consulted.
Detailed bedside ENT examination was con-
ducted, including nasal endoscopy, swabs were
collected and sent for KOH mount. The smear
showed occasional pseudohyphae. Therefore, the
radiological investigations, including various
sequences of MRI of paranasal sinuses, orbit and
brain, were performed (Figs. 17.62, 17.63, and
17.64). The right inferior turbinate showed loss
of contrast with no enhancement indicating the
‘Black turbinate sign’. The patient was immedi-
ately put on intravenous amphotericin-B in a
dose of 5 mg/kg/day. In the meantime, a detailed
ophthalmological examination was also carried
out.

17.9.9.4 Surgical Steps and Findings

A team of otorhinolaryngologist and neurosurgeon
was involved in the surgical management of this
patient. The drainage of the temporal abscess was
carried out by a neurosurgeon (Fig. 17.65), and in
the same stage, endoscopic right medial maxillec-
tomy was performed with complete clearance of
necrotic tissue filling the maxillary along with its
lateral recess. The disease was also cleared from all
around the orbital apex area (Fig. 17.66).

The necrotic tissue was sent for KOH wet
mount and revealed aseptate broad fungal hyphae.
As his general condition was not satisfactory, the
patient was kept on mechanical ventilator support
for 3 days. Check endoscopy and clearance were
done on day three and after that, every 24 h, the
patient was weaned off the ventilator support.

17.9.9.5 Further Neurological

Management
To prevent a rise in intracranial pressure
patient was given intravenous Mannitol
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Fig. 17.62 (a) FLAIR and (b) T2W MRI images in axial plane show intra-axial altered signal intensity lesion in right
temporal lobe with hydrocephalus. Sinus disease is evident in the bilateral ethmoid and sphenoid sinuses

100 mL 8 hourly and antiepileptic medication
in the form of Phenytoin Sodium 100 mg 8
hourly. A post-operative NCCT head was
done, and the ventricles were found to be
dilated. Hence Ventriculoperitoneal shunting
was done. Despite all our efforts, the patient’s
general condition did not improve, and the
patient succumbed.

17.10 Lessons Learntin COVID-19-
Associated Mucormycosis

e The deadly triad of Ketoacidosis, low oxygen
tension and hyperglycaemia in diabetics, pro-
vide the most favourable medium for the fun-
gus to grow due to the active ketone reductase
system in the organism.

Fig.17.63 T2W MRI image in coronal plane shows dis-
ease extending from sphenoid sinus and orbital apex to
right temporal lobe in the region of orbital apex
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Fig. 17.64 Contrast-enhanced T1W images in (a) axial
and (b) coronal plane show peripherally enhancing lesion
in right temporal lobe suggestive of brain abscess. There

Fig. 17.65 Craniotomy is done to drain temporal lobe
abscess

is evidence of disease spread from the floor of the sphe-
noid sinus/pterygomaxillary fissure

* Role of a multidisciplinary team including
Otorhinolaryngologist, Physician, Ophthal-
mologist,  Neurosurgeon,  Nephrologist,
Pathologist and Intensivists/ICU specialists is
mandatory for complete management of
rhino-orbital-cerebral mucormycosis.

e Staging the disease is very important for accu-
rate and in time treatment of different stages
of ROCM.

e Multimodality imaging is helpful in prompt-
ing an early diagnosis

e Treatment primarily is medical. Surgery is to
debride the infected tissue to eliminate the
fungal load, to make the drug available to via-
ble tissue and prevent further complications

e The shortage of Liposomal Amphotericin B
showed us the way to newer and equally
effective antifungals like Isovuconazole with
lesser side effects.
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Fig. 17.66 (a, b) Localization of necrotic tissue in sphe-
noid sinus and orbital apex after uncinectomy, medial
maxillectomy ethmoidectomy, sphenoidotomy and fol-
lowing the disease in orbital apex. All diseased tissue

e Along with ROCM, treatment includes con-
trol of hyperglycaemia, COVID and its related
complications.

e In orbital involvement, exenteration is to be
avoided. Mostly endoscopic decompression
and clearing the disease is good enough to
save the vision and the eyeball. Intraorbital
irrigation of injection Amphotericin B helps to
save exenteration. Loss of vision is never an
indication for exenteration of the eyeball.

e Repeated endoscopic clearance and nasal
douching gives faster recovery.

e Progressive and rapid involvement of the cav-
ernous sinus, vascular structures and intracra-
nial contents is a sign of grave prognosis
despite radical surgery and antifungals.

e It must be recognized early and treated
aggressively.

excised from a sphenoid sinus (white arrow) and orbital
apex (black arrow) till fresh bleeding started. Posterior
ethmoidectomy (blue arrow)
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Cerebral Mucormycosis
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Mucormycosis is a rare, fulminant fungal infec-
tion caused by a mould of the order Mucorales. It
mainly occurs in immunocompromised patients.
An inflammatory reaction in the blood vessels
after fungus enters the tissue through blood ves-
sels leads to formation of thrombus. This throm-
bus can increase in size and ultimately
compromise the blood supply of tissues and
cause ischaemic necrosis. It can be of the follow-
ing types depending upon the site of involve-
ment; Rhino-orbital-cerebral mucormycosis
(ROCM), Cutaneous mucormycosis, Pulmonary
mucormycosis, Gastrointestinal mucormycosis,
Renal mucormycosis, and Disseminated mucor-
mycosis [1].

In this chapter, the authors report their experi-
ence of analyzing 209 cases of orbital involve-
ment seen in total 562 cases of ROCM reported
to the Department of Otorhinolaryngology at
SMS medical college Jaipur, Rajasthan. Orbital
involvement was seen in 209 cases (37.2%)
cases, out of which 48 (23%) patients had unilat-
eral complete vision loss, and 6 (2.9%) had com-
plete bilateral blindness on both sides.
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18.1 Various Types of Orbital

Presentation

The site and extent of orbital involvement depend
on the route of the spread of the disease to the
orbit. The chapter on imaging in mucormycosis
has explained the various routes of spread to the
orbit, the most accepted ones include [2]:

¢ Ethmoid sinus to orbit via the thinness of the
lamina papyracea.

e Congenital dehiscences are often present
along the medial wall of the orbit.

* The perforations of the medial wall by arteries
and veins.

e Through the pterygopalatine fossa/infratem-
poral fossa. The disease can reach the orbit
through the inferior orbital fissure and thereby
involve the orbital apex.

e From the orbital apex, the disease can spread
to the cavernous sinus via superior orbital
fissure.

18.2 Signs and Symptoms

Early presentations of orbital involvement include
eye pain, ptosis, chemosis, periorbital oedema
(Fig. 18.1a—d), proptosis, decreased vision, and
ocular muscle palsy resulting in diplopia. Blindness,
complete ophthalmoplegia, and optic atrophy
are other late features of orbital involvement.
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Fig. 18.1 (a) Left periorbital oedema, (b) Right eyelid involvement, (¢) Ptosis, (d) Chemosis

Development of disease to contralateral side or
cavernous sinus thrombosis can be suspected
when signs and symptoms start developing in the
opposite eye resulting in bilateral proptosis, che-
mosis, vision loss, and ophthalmoplegia.

18.3 Vision Loss in ROCM [3]
Vision loss in ROCM may occur due to:

1. Orbital Apex Syndrome (OAS)

2. Central Retinal Artery Occlusion (CRAO)
3. Optic nerve involvement

4. Cavernous sinus thrombosis

Vascular tropism of the fungus in orbit leading
to arteriolar thrombosis in the orbit wall, oculomo-
tor, and optic nerve explains orbital symptoms like
blindness with or without thrombosis of ophthal-
mic artery. It is unilateral and marked by orbital
pain, diplopia, ophthalmoplegia, periorbital
oedema, chemosis, exophthalmos, or blindness.
Eye fundus is a crucial examination for the diag-
nosis of ROCM. It may reveal venous congestion
or thrombosis of the artery or the retina’s central
vein, optic atrophy, or panophthalmitis [4].

Occlusive vasculitis and thrombosis because
of vascular invasion of hyphae leads to tissue
necrosis [5].

Orbital apex syndrome is a common presenta-
tion of ROCM. It is characterized by ptosis, pro-
ptosis, total ophthalmoplegia, pain along the
course of the ophthalmic division of the trigemi-
nal nerve and visual impairment of variable
extent and unfortunately, blindness is permanent,
and the risk of mortality is increased at this stage
of progression [6].

The ominous manifestations like Central
Retinal Artery Occlusion (CRAO), cavernous
sinus thrombosis, and endophthalmitis have been
variably reported. In their published study,
Bhansali et al. and Yohai et al. reported that the
visual loss in ROCM usually has been attributed
to CRAOs and cavernous sinus thrombosis. The
unfortunate eventuality of CRAO bears an inci-
dence of 16%-20% [7, 8].

Ferry and Abedi described an exenteration
specimen of rhino-orbital-cerebral mucormycosis
with thrombosed ciliary arteries next to a necrotic
optic nerve [9]. Brown et al. reported one of eight
cases and Bullock et al. one of two cases with
acute obstruction of the retinal and choroidal cir-
culations in orbital mucormycosis [10, 11].

The optic nerve may be affected, resulting in
vision loss. Optic nerve infarction and necrosis
may follow invasion of fungus in blood vessel
walls causing thrombosis of optic nerve sheath or
ophthalmic artery. Direct involvement of the
optic nerve can also occur. The fungus may gain
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access to the cavernous sinus and the brain paren-
chyma with further posterior extension, causing
vascular thrombosis, and infarction. It can also
spread via inferior orbital fissure, superior orbital
fissure, infratemporal fossa, or orbital apex.
Involvement of the superior orbital fissure and its
contents, such as cranial nerves III, IV, and VI,
and branches of V1 and V2, may cause diplopia,
ophthalmoplegia, and sensory loss to the corre-
sponding areas of the cornea and face [12].

18.4 Diagnosis

Diagnosis of ROCM is made by clinical features,
radiology, and identification of fungal hyphae on
tissue staining/culture.

Contrast-Enhanced Computed Tomography
(CECT) and MRI (Magnetic Resonance Imaging)
can help make an early diagnosis of
ROCM. Contrast-enhanced MRI is considered
the best investigation, especially for extra sinus
involvement. Radiology will show the pathway
of the spread of the disease to the orbit. This will
include erosion of lamina papyracea, fat orbital
involvement, extraocular muscle involvement,
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and orbital apex involvement. MRI provides bet-
ter visualization of invasion/involvement of
orbital soft tissue, perineural invasion and vascu-
lar obstruction because of increased soft tissue
resolution than CT. MRI signal intensity of
mucormycosis lesions tends to be isointense or
hypointense in all sequences. After the adminis-
tration of gadolinium, the lesions are typically
non-enhancing, which helps differentiate fungus
from surrounding inflammation. To distinguish
between fungus and orbital fat T2-weighted fat-
suppressed sequences (with and without contrast)
are considered the best [13] (Figs. 18.2 and 18.3).

Diffusion-weighted MRI demonstration of
ischemic optic neuropathy confirms the infarc-
tion of the optic nerve as high signal intensity
along the optic nerves, with corresponding low
signal on apparent diffusion coefficient map with
normal fluid-attenuated inversion recovery
(FLAIR) and gadolinium-enhanced images.
These imaging findings and ensuing blindness
may result from the organisms’ invasion of the
blood vessel walls, leading to occlusion or throm-
bosis of the central retinal artery or ophthalmic
artery or direct optic nerve infiltration by mucor-
mycosis. Enhancement around the optic nerve

Fig. 18.2 Coronal post-contrast fat-suppressed and coronal regular T2 images show enlarged enhancing left infraor-
bital nerve with enlargement of the infraorbital canal
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Fig. 18.3 Coronal T2 fat-suppressed image showing dif-
fuse hyperintensity and stranding in the right intraconal
compartment. Right optic nerve also appears mildly
enlarged and hyper intense

indicates perineuritis on postcontrast T1-weighted
magnetic resonance imaging (Figs. 18.4 and
18.5). Diffusion-weighted Imaging is vital for
early diagnosis of ischemic optic neuropathy, and
it shows the abnormality when other MR
sequences are normal [14].

18.5 Surgical Management

The detailed surgical steps of the endoscopic
debridement or the globe sparing transnasal
endoscopic globe sparing orbital exenteration
have been discussed in separate chapters.
Therefore, this chapter will discuss the cases of
orbital involvement and their management
based on the comprehensive radiological
evaluation.

Radiology in the form of various sequences
of MRI plays a crucial role in mapping the
intraorbital disease. On Gadolinium-enhanced
MRI, the loss of contrast enhancement repre-
sents a necrotic, unsalvageable nidus of fungal
elements [15-17]. It is therefore reasonable to
immediately debride this necrotic tissue.

Fig. 18.4 Coronal post-Gadolinium-enhanced MRI
image shows significant enhancement of left basifrontal
dura with a small enhancing lesion in the left frontal lobe,

suggestive of meningeal involvement. Diffuse enhance-
ment of left periorbital and extraocular muscles is also
seen



18 Analysis of Orbital Involvement in 562 Cases of Rhino-Orbito-Cerebral Mucormycosis

255

.

. w' L- .
'.'J : ":"'"7
i

Fig. 18.5 Coronal postcontrast MRI images showing dif-
fuse enlargement, thickening, and enhancement of optic
chiasma. The right optic nerve shows thickening and
enhancement

Following debridement, local site irrigation
via an orbital drain or transcutaneous
Amphotericin-B injections helped contain the
current series’s disease.

The various surgical options for treating
orbital involvement in ROCM are listed below:

1. Endoscopic orbital decompression

2. Transcutaneous Amphotericin B injections
(TRAMB)

3. Endoscopic orbital clearance

4. Orbital exenteration

18.5.1 Endoscopic Orbital
Decompression

Do’s and Don’t’s for endoscopic orbital decom-
pression in ROCM depend on the presence or
absence of disease inside the orbit and the integ-
rity of the lamina papyracea.

1. If on imaging there is no intraorbital disease,
removal of any of the orbit walls is not needed.
If the ethmoid sinus infection is responsible
for orbital inflammation, then radical clear-
ance of ethmoids is done with the clearance of
other sinuses keeping the lamina intact.
Lamina acts as a barrier to the spread of
mucormycosis from the sinuses to the orbit.

2. However, in all the cases with suspected or
impending orbital involvement or disease pro-
gression, it is necessary to clear the pterygo-
palatine fossa. Pterygopalatine fossa acts as a
reservoir of infection, as mentioned in the pre-
vious chapters. Therefore, it must be addressed
in cases with orbital symptoms to minimize
the chances of orbital disease progression.
However, a strict postoperative check for
progression of symptoms or emergence of
new endoscopic findings must be kept.

3. If there are features of post-septal orbital cel-
lulitis (without any intraorbital fungal disease)
not responding to injectable antibiotics, endo-
scopic orbital decompression is performed.
Patients with intraorbital fungal disease will
require orbital clearance/debridement (as dis-
cussed in a later section).

Out of 209 patients of ROCM with orbital
involvement, 5 (2.3%) patients underwent endo-
scopic orbital decompression. Endoscopic
exploration in these five cases was planned
based on the radiological evidence of the dis-
ease. However, on removing the lamina papyra-
cea and teasing out the fat, the orbit looked
healthy. Therefore no fat was debrided, and the
clearance of ethmoids and all other sinuses led
to the complete resolution of cellulitis and peri-
orbital oedema with an excellent symptomatic
relief in these patients.

18.5.2 Transcutaneous Retrobulbar
Amphotericin B (TRAMB)

TRAMB has the advantage of being a bedside pro-
cedure, obviating the need for general anaesthesia
in often physically vulnerable patients. But there is
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little literature available about TRAMB. Possibly
TRAMB can be considered when there is focal
involvement of orbit without visual disturbances
or when there is a shortage of intravenous ampho-
tericin-B for patients with orbital involvement.
The amount of amphotericin-B injected ranges
from 1 to 1.5 mL at concentrations ranging from 1
to 3.5 mg/mL daily to weekly.

The authors administered TRAMB in four
patients in their series. Out of these four patients,
three patients had vision limited to just the per-
ception of light, and one patient had no percep-
tion of light. After administration, 2(50%)
patients showed improvement and the vision
improved to finger counting at a distance of 6 ft.
One patient (25%) showed noncompliance after
the first injection, and one (25%) patient with a
negative perception of light showed no improve-
ment. The only noted side effect was pain at the
injection site.

18.5.3 Endoscopic Orbital
Clearance

Quite a few patients with ROCM have fungal dis-
ease extending into orbit. Most of the time, it is a
contiguous spread. However, unlike malignancy,
this does not mean that these patients require
orbital exenteration. In the present era, with
advanced equipment, most areas of orbit can be
approached endoscopically. Patients with intact
or diminished vision (not complete loss of vision)
were included in the indication for endoscopic
orbital clearance.

Those patients with complete vision loss but
no involvement of orbital apex also underwent
endoscopic orbital clearance of the disease. They
were, however, clearly explained about the need
for a repeat cleaning/exenteration in case any fur-
ther disease progression was noted in future
follow-up.

Out of 209 patients with orbital involvement,
192 (91.8%) patients underwent endoscopic
orbital decompression. Six out of 192 (3.1%)
needed orbital exenteration at a later date.

18.5.4 Orbital Exenteration

The most crucial decision in the management of
orbital mucormycosis is whether the orbit should
be exenterated. Authors selected those cases for
orbital exenteration where the patient had a dis-
figured blind eye with no light perception and
disease did not respond to endoscopic orbital
clearance and intravenous administration of anti-
fungal drugs.

Cases with partial or intact vision having only
ophthalmoplegia, where extensive intracranial
spread had already taken place, were also the
candidates for radical orbital debridement with
clearance of pterygopalatine fossa using Denkers
modified medial maxillectomy as described in
the chapter on surgical management of
ROCM. Exenteration is not likely to improve the
survival outcome in such cases and hence be
avoided.

At our institute, out of 209 patients, only 14
(6.6%) patients underwent orbital exenteration.
The mortality rate was 21% after exenteration.
Patients with preoperative intracranial extension
showed no improved outcome after surgery.
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19.1 History of Orbital
Exenteration

George Bartisch, a German physician, consid-
ered by many as the “father of modern ophthal-
mology,” first reported orbital exenteration in
1583 [1]. The modern total orbital exenteration
was reported by Golovine [2], and Coston and
Small in 1981 simplified the technique [3]. Since
then, several variations in the surgical procedure
have been reported [4-14].

19.2 Changing Trends in Orbital
Exenteration

Orbital exenteration is a potentially lifesaving yet
mutilating surgery with permanent cosmetic
blemish leaving the patients socially uncomfort-
able. It has been primarily reserved for extensive
and infiltrative eyelid, ocular surface, adnexal,
and intraocular malignancies with orbital exten-
sion and for advanced primary orbital malignan-
cies where conservative treatment is not feasible

S. G. Honavar (<) - R. Bansal

Department of Ophthalmic and Facial Plastic Surgery
and Ocular Oncology Service, Centre for Sight,
Hyderabad, India

[15-17]. Non-neoplastic conditions including
ROCM constituted only a minority of indications
in the previously published reports [4—14].

The COVID-19 pandemic led to an unfortu-
nate rapid rise in the number of cases of ROCM
undergoing orbital exenteration. It is possible
that some of these patients could be conserva-
tively managed without compromising on life
salvage. On the contrary, inappropriate attempts
at conservation may have implications on life sal-
vage. Therefore, the treating clinicians need to
understand the thin line between adopting con-
servative management and resorting to radical
surgical interventions. The decision to conserve
versus exenterate becomes logical if we were to
follow a system of staging to evaluate the severity
and triage the patients for management as
appropriate.

19.3 Stages of ROCM

ROCM typically follows a sequence of evolution
from the point of entry (nasal mucosa) to the
point of proliferation (paranasal sinuses) with
contiguous progression to involve the orbit and
intracranial structures. There are non-contiguous
routes of spread as well, though rare. Before out-
lining the management protocol, the clinicians
must understand the stages of ROCM as described
in Fig. 19.1 [18] which provides a logical
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Proposed Staging of Rhino-Orbito-Cerebral Mucormycosis (ROCM)

Staging of Rhino-Orbito-Cererbral Symptoms

Mucormycosis

Stage 1: Involvement of the nasal

Nasal stuffiness,

Foul-smelling sticky mucoid

Primary
Assessment

Diagnostic nasal

Confirmation of
Diagnosis

Deep nasal swab

2a:
2b:
2c:

2d:

sinuses

One sinus

Two ipsilateral sinuses

> Two ipsilateral sinuses and/or
palate/oral cavity

Bilateral paranasal sinus
involvement or involvement of
the zygoma or mandible

Stage 1 + facial
pain,facial edema,
dental pain,
systemic
symptoms
(malaise, fever)

unilateral or bilateral,
localized or diffuse facial
edema, edema localized
over the sinuses, localized
sinus tenderness

endoscopy,
Contrast-
enhanced MRI
(preferred) or CT-
scan

mucosa nasal discharge, | or black-tinged, or granular | endoscopy, or endoscopy-
foul smell, or haemorrhagic nasal Contrast- guided nasal swab
1a: Limited to the middle turbinate | epistaxis discharge, nasal mucosal | enhanced MRI or nasal mucosal
1b: Involvement of the inferior inflammation, erythema, (preferred) or CT- | biopsy for direct
turbinate or ostium of the violaceous or blue scan microscopy, culture
nasolacrimal duct discoloration, pale ulcer, and molecular
1c: Involvement of the nasal septum anaesthesia, ischmia, diagnostics; nasal
1d: Bilateral nasal mucosal eschar mucosal biopsy for
involvement rapid
histopathology with
special stains
Stage 2: Involvement of paranasal | Symptoms in Signs in Stage 1 + Diagnostic nasal |Same as Stage 1 +

sinus biopsy for
direct microscopy,
culture and
molecular
diagnostics and
rapid
histopathology

3a:

3b:

3c:

3d:

Stage 3: Involvement of the orbit

Nasolacrimal duct, medial orbit,
vision unaffected

Diffuse orbital involvement (>1
quadrant or >2 structures), vision
unaffected

Central retinal artery or
ophthamic artery occlusion or
superior ophthalmic vein
thrombosis; involvement of the
superior orbital fissure, inferior
orbital fissure, orbital apex, loss
of vision

Bilateral orbital involvement

Symptoms in
Stage 1and 2 +
painin the eye,
proptosis, ptosis,
diplopia, loss of
vision, infraorbital
and facial V1 V2
nerve anesthesia

Signs in Stage 1 and 2 +
conjunctival chemoses,
isolated ocular motility
restriction, ptosis,
proptosis, infraorbital nerve
anesthesia, central retinal
artery occlusion, features of
ophthalmic artery occlusion
and superior ophthalmic
vein thrombosis. V1 and V2
nerve anesthesia, and
features of Ill, IV and VI
nerve paisy indicating
Orbital apex/superior orbital
fissure involvement.

Diagnostic nasal
endoscopy,
Contrast-
enhanced MRI
(preferred) or CT-
scan

Same as Stage 2 +
orbital biopsy if
indicated and if
feasible (if the
disease i
predominantly
orbital) for direct
microscopy, culture
and molecular
diagnostics and
rapid
histopathology

4a:

4b:

4c:

4d:

Stage 4: Involvement of the CNS

Focal or partial cavernous sinus
involvement and/or involvement
of the cribriform plate

Diffuse cavernous sinus
involvement and/or cavernous
sinus thrombosis

Involvement beyond the
cavernous sinus, involvement

of the skull base, internal carotid
artery occlusion, brain infarction
Multifocal or diffuse CNS disease

Symptoms in
Stage 1t0 3 +
bilateral proptosis
paralysis, altered
consciousness,
focal seizures

Signs in Stage 1-3 (some
features overlap with Stage
3) + V1 and V2 nerve
anesthesia, ptosis, and
features of Ill, IV and VI
nerve palsy indicate
cavernous sinus
involvement. Bilaterality of
these signs with
contralateral orbital edema
with no clinico-radiological
evidence of paranasal
sinus or orbital involvement
on the contralateral side
indicate cavernous sinus
thrombosis. Hemiparesis,
altered consciousness and
focal seizures indicate
brain invasion and
infarction.

Diagnostic
endoscopy,
Contrast-
enhanced CT
Scan, MRI
(preferred)

Same as Stage 3

Fig.

19.1 Stages of ROCM 18
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representation of clinical severity. Stage 3 and
stage 4 constitute orbital mucormycosis.

Optimal management of ROCM requires con-
certed action and rapid response by a multidisci-
plinary team of experts in diagnosis (radiology,
microbiology, pathology, molecular biology), and
medical (infectious disease, neurology, critical care),
and surgical (otorhinolaryngology, ophthalmology,
neurosurgery) care. Establishing a clinico-radiologi-
cal assessment to ascertain the extent of disease and
confirmation by direct microscopy are the primary
steps that help plan the management approach.

19.4 Maedical Management
of ROCM

Comprehensive guidelines for the medical man-
agement of ROCM have been issued by the
European Confederation of Medical Mycology
(ECMM) and the Mycoses Study Group Education
and Research Consortium (MSGERC) [19].
Immediate induction therapy includes intrave-
nous liposomal Amphotericin B 5-10 mg/kg BW
with strict metabolic control. In cases with contra-
indication to Amphotericin B due to impaired
renal function, Isavuconazole IV 200 mg thrice a
day on days 1-2, 200 mg once a day from day 3;

or Posaconazole IV 300 mg twice a day on day 1,
300 mg once a day from day 2 must be given.
Continuation of induction therapy with intrave-
nous liposomal Amphotericin B 5-10 mg/kg BW
is required for a minimum of 4 weeks, followed
by step-down treatment (oral Isavuconazole
200 mg thrice a day on days 1-2, 200 mg once a
day from day 3; or oral Posaconazole 300 mg
twice a day on day 1, 300 mg once a day from day
2) for 3—6 months or a minimum of 6 weeks fol-
lowing clinico-radiological regression or stabili-
zation [18]. Amphotericin B Deoxycholate or
Amphotericin B Lipid Complex may be utilized
in patients with good renal function.

19.5 Recommended Treatment
Protocol for ROCM
with Orbital Involvement

Aggressive debridement of the involved parana-
sal sinuses constitutes the primary surgical man-
agement in cases of ROCM [20]. It can be
combined with conservative management of the
orbital component, primary orbital exenteration,
or deferred orbital surgical intervention. Stage-
wise management of orbital mucormycosis has
been depicted in Fig. 19.2.

Fig. 19.2 Stage-wise management of orbital mucormycosis

o
CONSERVATIVE ORBITAL
MANAGEMENT IRl A= EXENTERATION
L
No Younger patinets
progression stage 3c with good yorsens
Stage 3a, 3b renal function
Intraorbital Amphotericin No Stage 3¢ with no serial
B (deoxyChoIf’:lte progression progression of disease Worsens
3.5mg/ml or liposomal over months Stage 3c, 4
1mg/ml) injections
Stage 3d
Orbital debulking with Better eye . Onge eye with Worse eye
orbital irrigation with relatively less
Amphotericin B involver’r{ent
- Bilateral extensive ;
involvement
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19.6 Conservative Management
in ROCM

There are clear indications for conservative man-
agement of the orbital disease as follows:

Stage 3a (involvement of the nasolacrimal duct
and medial orbit, with unaffected vision): Stage 3a
as shown in Fig. 19.3 describes localized orbital
involvement, in which it is possible to treat the dis-
ease conservatively with medical management as
described above along with intraorbital Amphotericin
B injection (Deoxycholate Amphotericin B 3.5 mg/
mL, Liposomal Amphotericin B 1 mg/mL) specifi-
cally to the area of involvement as confirmed by
imaging. A series of 7 injections are provided daily
or on alternate days depending on clinical severity
and response, with clinico-radiological monitoring
of response.

Stage 3b (diffuse orbital involvement, >1 quad-
rant or >2 structures, and unaffected vision): Stage
3b as seen in Fig. 19.4 was managed with intraor-
bital amphotericin B injections to the areas involved

a :

Fig. 19.3 Stage 3a ROCM (a) Clinical picture showing
left periocular edema, ptosis and proptosis. (b) Endoscopy
picture showing necrosed left periorbita (arrow). (¢, d)

'Jm
Yy = :

along with concomitant medical management and
assessment of response clinico-radiologically and
has responded remarkably well. In patients with a
suboptimal response after 7 injections, limited
orbital debulking is recommended, along with
orbital irrigation with Amphotericin B 1 mg/mL.
Results of this approach are variable. Kohn
and Helper have established that timely and accu-
rate diagnosis of the extent of involvement attri-
butes to favorable outcomes with conservative
management thus avoiding mutilating surgeries
and preserving visual acuity [22], and the same
has been supported by Pelton et al. [23]. As per
Sen et al., in the orbit, diffuse involvement pre-
dominated in 40% (674 of 1731) followed by
involvement of the medial orbit in 27% (469).
Orbital apex was involved in 21% (371) patients
[21]. Kashkouli et al. have reported that out of the
34 eyes without exenteration, 41% progressed to
complete loss of vision with a final vision sur-
vival of 25% in their series [24]. We believe that
an accurate assessment of the extent of involve-

<

Coronal and axial CT, respectively, showing left eye pro-
ptosis with diffuse bilateral paranasal sinus and left medial
orbital involvement (Courtesy: Sen M et al. [21])
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Fig. 19.4 Stage 3b ROCM: (a) A 56-year-old lady pre-
sented to us with left eye BCVA of light perception only,
ptosis of 3 mm, restriction of movements in all directions
with radiological evidence of involvement in the supero-
medial and inferomedial aspect. (b) After a series of seven

ment and intraorbital Amphotericin B targeted to
the area of involvement, early identification of
poor responders and orbital exenteration in that
subset are the keys to the success of this approach.
Murthy et al. have reported 111 cases of ROCM
treated conservatively with no recurrence for
3 months and not requiring orbital exenteration
despite complete loss of vision (in five cases),
thus avoiding mutilating surgeries [25].

19.7 Orbital Exenteration
in ROCM

There are specific indications for orbital exenter-
ation as follows:

Stage 3c (central retinal artery or ophthalmic
artery occlusion or superior ophthalmic vein
thrombosis; involvement of superior orbital fis-
sure, inferior orbital fissure, orbital apex, loss of
vision): This stage (Fig. 19.5) is a specific indica-
tion for orbital exenteration with continued medi-
cal management. Moorthy et al. have ascertained
that an aggressive surgical approach reduces dis-
ease burden in these cases with irreversible blind-
ness [26].

Stage 3d (bilateral orbital involvement): This
stage requires a comparative analysis of orbital
involvement (Fig. 19.6). Bilateral exenteration is
not recommended and therefore, intraorbital

injections of intraorbital Amphotericin B, she had com-
plete resolution of symptoms and signs along with BCVA
of 20/40 at the latest follow-up 5 months and interval
decrease in the medial orbital involvement on MRI

Amphotericin B to the relatively better orbit
along and exenteration of the more severely
involved orbit is advised. Kashkouli et al. have
reported four such patients in whom two cases
were operated on for unilateral exenteration and
another eye was left as blind eye and in the other
two cases both eyes were left without any surgi-
cal intervention [24].

Stage 4 (central nervous system involvement):
Sen et al. noted that in the CNS, cavernous sinus
was most commonly involved in 53% (285 of
539), bilateral CNS involvement in 5% (133 of
2669) cases with cavernous sinus being the most
common route of spread (70%, 299 of 430).

Even though in these cases (Fig. 19.7), the dis-
ease has progressed to involve the central ner-
vous system, it has been observed that timely
orbital exenteration results in faster recovery and
halts the disease progression as is shown by
Kashkouli et al. in their series of 79 eyes of 63
patients [24]. Jung et al. have stated that control
of the underlying predisposing illness, prompt
medical management, and aggressive surgical
intervention decreases mortality [27].

19.8 Gray Zone

There are certain situations where cautious con-
servative measures can be employed:
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Fig. 19.5 Stage 3c ROCM (a) Clinical picture showing
right eye ptosis, periocular edema, and ecchymosis. (b)
Severe conjunctival congestion and chemosis. (¢) Axial
MRI (T1) of orbit and paranasal sinuses showing diffuse
orbital involvement along with diffuse paranasal sinus

involvement (s/p right paranasal sinus debridement and
turbinectomy). (d) Coronal MRI (T2) showing unilateral
diffuse right orbital involvement (Courtesy: Sen M et al.

(21D

Fig. 19.6 Stage 3d ROCM (a) Axial MRI (T2) and (b) contrast enhanced (T1) of the orbit and paranasal sinuses show-
ing bilateral orbital apical involvement, more extensive on the right side (Courtesy: Sen M et al. [21])
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Fig. 19.7 Stage 4b ROCM (a) Clinical picture showing
no significant ocular manifestation, however, (b) Axial
MRI (T1) of the orbit, paranasal sinuses and brain showed
diffuse paranasal sinus involvement along with (c)

1. Younger patients with stage 3c or 3d with
good renal function can be treated conserva-
tively with intraorbital Amphotericin B, lim-
ited  orbital  debulking  with  close
clinico-radiological monitoring, which on
worsening can be triaged to orbital exentera-
tion. Those improvement or stability can be
continued on conservative treatment.

2. Young patients with bilateral orbital involve-
ment (stage 3d) can be treated conservatively
with intraorbital Amphotericin B, limited
orbital debulking with close clinico-
radiological monitoring.

3. Patients with extensive orbital invasion who
cannot undergo immediate orbital exentera-
tion due to coexistent uncontrolled comorbid-
ities or continuing COVID-19-associated
respiratory derangements.

Sen et al. reported that ROCM covers a wide
range of age groups with a mean of 51.9 years
(range, 12-88 years) [21], therefore, the decision
about radical surgical interventions becomes dif-
ficult for the clinicians as well as for the families.
It is imperative to weigh the advantages and dis-
advantages before making a decision (Fig. 19.8).

19.9 Prognosis

Hargrove et al. in an extensive literature review
have stated that patients with ROCM with age
>46 years, frontal sinus involvement, and fever

Coronal view (T1) showing extension into the cavernous
sinus via the pterygopalatine fossa (Courtesy: Sen M et al.

[21])

had bleak chances of survival whereas patients
treated with Amphotericin B had a better survival
rate and that exenteration increases the likelihood
of survival [28]. We have observed that out of
2826 cases assessed, the ocular outcome was
available for 1838 patients, 16% (289) had orbital
exenteration and in 84% (1549), the eye could be
salvaged. With the protocol mentioned above,
eye salvage was achieved in 100% (50 of 50) in
stage 3a, 98% (81 of 83) in 3b, 83% (97 of 117)
in 3¢, 77% (10 of 13) in 3d, 71% (24 of 34) in 4a,
79% (11 of 14) in 4b, 82% (22 of 27) in 4c, and
67% (8 of 12) in 4d [21].

Multiple case series have reported a variable
outcome including no effect to increased patients’
survival [4, 23, 29, 30] to a significant decrease in
survival rate [27, 28].

19.10 Challenges in Future

As the treatment entails a significant financial
burden due to prolonged hospital stay, repeated
radiological investigations, long recovery bur-
den, maintenance therapy, and reconstructive sur-
geries, it leaves a major impact on the family.
Psychological and cosmetic rehabilitation in
patients undergoing orbital exenteration due to
ROCM has to be handled delicately [31].
Dedicated counseling sessions are recommended
for the ROCM survivors as they undergo multiple
surgeries with long-term health-related issues
within a short period [32].
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Fig. 19.8 Advantages
and disadvantages of
conservative treatment
versus orbital

CONSERVATIVE
MANAGEMENT

ORBITAL
EXENTERATION

exenteration
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|

DISADVANTAGES

[

19.11 Conclusion

Among the cases of ROCM, a stage-based treat-
ment protocol has been advocated which includes
conservative management for stage 3a, stage 3b,
and orbital exenteration for cases with stage 3c,
stage 3d, and stage 4. There is, however, a gray
zone, wherein for young patients with stage 3c
and 3d ROCM, a cautious conservative approach
can be considered. A balanced approach must be
followed which comprises of a multidisciplinary
team, accurate primary assessment of the extent
of the disease, close monitoring of treatment
response and disease progression by clinico-
radiological assessment coupled with holistic
consideration of psychological, social, and eco-
nomical aspects helping in taking the decision for
conservative treatment versus orbital
exenteration.
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Classification Dilemmas

Nishi Gupta, Satish Jain, and Poonam Singla

Rhino-orbito-cerebral mucormycosis (ROCM) is
an invasive fungal infection often found in immu-
nocompromised individuals. The mucor is
thought to inoculate the nasal cavity first and then
spread to the sinuses, orbit and intracranial space
[1-5]. Orbital apex allows further intracranial
dissemination and cavernous sinus involvement
[1]. Several classifications of ROCM have been
published by various authors based on this prem-
ise [6-10]. They proposed varying degree of
resection based on individual criteria. However,
the recommendations lack uniformity, and the
surgical management remains difficult due to fre-
quent residual/recurrent disease that need multi-
ple debridements. In the current outbreak, surgical
debridement sessions ranged from one to seven.
(More information about the pattern of the resid-
ual or recurrent disease have been provided in a
separate chapter).

As a result, staging based on the anticipated
route of spread has proved ineffective. Each
author classified ROCM into several stages with
each step being further subdivided [6—10]. The
authors have provided evidence to support their
classification, resulting in various classifications,
and confusion among the readers.
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Our recent experience with ROCM cases has
shown us that different classifications lack practi-
cal utility in the management of ROCM. Because
of the disease’s perineural dissemination and
angioinvasive nature, the staging system may not
provide a clear management approach due to
many paths of transmission and normal interven-
ing areas.

There are many unanswered questions in the
proposed route of spread on which the staging
systems are based. The proposed route of
spread does not explain why the retrobulbar
space is primarily occupied with the disease
with no mucor in the maxillary or ethmoid
group of sinuses. It does not explain why there
are acute orbital signs in the absence of any
sinonasal manifestations. It fails to explain
why there is facial numbness, pain and edema.
This suggested route of mucor dissemina-
tion fails to explain why intensive debridement
fails in some cases [1].

As a result in ROCM surgery, evidence-based
decisions are more important than predeter-
mined resections based on multiple classifications.
In the patients of ROCM mapping was performed on
various MRI sequences. The MRI parameters tested
were consistent with what has been described in the
chapter on imaging in ROCM. Pterygopalatine
fossa (PPF) was found to be involved in the major-
ity of our cases. This was consistent with the find-
ings of Hosseni et al. who identified PPF to be the
major reservoir of mucor in 100 percent of their
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cases [1]. It acts as an area for the hidden disease but
has been ignored in most classifications. The
involvement of PPF has its own implication that
must be carefully examined. The involvement of the
nasal mucosa in the form of blackish discoloration
for example is considered an early sign of the dis-
ease, placing it in the lower stage. This black necro-
sis on the other hand does not necessarily indicate the
disease inoculation at this location. It could be
caused by thrombosis of the sphenopalatine artery
in the pterygopalatine fossa culminating in terminal
vessel necrosis [1].

These limited symptoms of nasal cavity and
sinuse involvement could be the only symp-
toms of Isolated involvement of the pterygo-
palatine fossa [1]. It is possible that putting it
in stage 1 and planning a limited resection may
leave the residual disease that will likely prog-
ress. It highlights the importance of PPF
debridement particularlly in situations involv-
ing orbits.

20.1 Prognostic Parameters

in ROCM

Because ROCM is a non-classifiable angioinva-
sive disease, stage-based resection is not recom-
mended. We can only have really useful
prognostic parameters. These criteria are based
on the areas that serve as a control point between
a favourable and unfavourable prognosis in extra-
cranial and Intracranial spread.

Extracranial Spread:

1: Orbital involvement (orbital apex spared).

2: Orbital apex involvement (one of the gateways
to the intracranial space).

3: Sphenoid wing/clivus (one of the gateways to
meningitis and chances of deep skull base
infiltration). Extracranial areas other than
those mentioned above have better prognosis
provided pterygopalatine fossa is cleared
wherever needed. Those areas mentioned here
need to be handled meticulously to prevent
spread of disease into the brain.

Intracranial spread:
1: Initial dural involvement.
2: Isolated intracranial abscess.
3: Disseminated intracranial spread.

In intracranial disseminated involvement has
worst prognosis. This method of classifying the
condition offers a number of advantages. It
allows us to focus on the most important areas
that are sometimes overlooked during primary
surgery. PPF is a crucial structure that needed
clearance in a majority of cases during the cur-
rent outbreak. Therefore Denker’s modified
medial maxillectomy is a critical surgical step
that every otorhinolaryngologist interested in the
management of ROCM must learn [11]. A step-
wise approach to PPF has been described in the
chapter on the surgical management of ROCM;
approach to PPF, pterygoid process, and infra-
temporal fossa.

The involvement of the orbital apex, sphenoid
wing, and clivus marks the transition from good
to guarded/bad prognosis. This is because direct
invasion of the skull base and intracranial struc-
tures occurs in all of these sites. The sur-
geon is guided by the requirement to analyse these
critical areas to perform essential radiological
investigations, including various MRI sequences.
In ROCM precise drilling enhances results sig-
nificantly. The steps of drilling have been men-
tioned in the chapter on surgical management of
ROCM: drilling beyond sinuses.

ROCM’s recommended classifications do not
work, and stage-based management may compli-
cate the situation. The above-mentioned prognos-
tic factors were developed based on the extensive
experience with primary and revision ROCM
cases during this pandemic.

The PPF and the bone of the sphenoid sinus
floor were main sites left untreated during earlier
procedures. During endoscopic debridement, the
shenoid sinuses are frequently cleared, and at the
end, a clean looking sinus cavity is left with no
indication of the bone involvement.

The same patient’s preoperative MRI
revealed that there were subtle signs of bone ero-
sion in this area prior to the first surgery as well.
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However, the condition progressed and postop-
erative MRI revealed that the sphenoid wing
was implicated. This became a priority region for
us to search for on MRI in subsequent cases so
that it could be cleared in the first sitting itself.

This prognostic classification highlights some
crucial areas allowing us to look for them on vari-
ous CT and MRI sequences to assist complete the
debridement of necrotic areas. One may argue that
there are other areas of the spread of disease to the
intracranial structure; however, each one has a dif-
ferent dimension and has been described separately
in various chapters on the area-by-area manage-
ment of various case-based scenarios.

The involvement of sphenoid wing and orbital
apex in extracranial spread indicates that these
two locations should be cleared in the first sit-
ting by a more experienced surgeon.

20.2 Why Doesn't a Fixed
Classification Based
on a Fixed spread Route
Work?

The following are the reasons for this:

e Staging can lead to bias because it’s a medical
disease. It has angioinvasive spread and can-
not be resected based on dissemination.

e It is not like malignancy which has a well
defined path of spread. There are multiple
pathways of spread in ROCM that are difficult
to predict, so they cannot be classified.

e Consider disorders such as Juvenile nasopharyn-
geal angiofibroma. Its classification is use-
ful because the disease progression follows a
predictable pattern that guides the surgical plan-
ning [12]. For example, in stage 1 no Denker’s
medial maxillectomy is needed [11, 12], and no
embolization is required (as it is Limited to the
nasopharynx and nasal cavity). Stage 2,
requires Denker’s surgery (because the disease
has spread to the pterygopalatine fossa), stage 3
requires embolization (because the disease has
spread to the infratemporal fossa or orbital region

with  intracranial extradural involvement),
and stage 4 is more extensive with Intracranial
intradural spread with or without infiltration of
the cavernous sinus, pituitary fossa, or optic chi-
asma [12, 13]. As a result neurosurgeon as well
as an interventional radiologist are required. In
contrast to mucormycosis angiofibroma always
grows in the same direction.

Mucor has a hematogenous spread; the out-
come is determined by drug sensitivity and
penetration rather than stage. Even third and
fourth stage disorders will recover if drug sen-
sitivity is present. The prognosis is excellent
in cases where mucor is responsive to ampho-
tericin B even in advanced disease. If mucor is
resistant to amphotericin B, the prognosis is
bad even in the early stages of disease. As a
result classification-based surgical planning is
not useful when it comes to selecting how to
treat ROCM surgically.

Each drug’s minimal inhibitory concentration
is different, which the treating surgeon is
unaware of. There are 21 species of the mucor,
but only three medicines are available: ampho-
tericin, posaconazole, and isavuconazole. As
described in the chapter on future directions in
the management of ROCM, Amphotericin B is
the most potent drug against mucormycetes,
with MICs lower than 0.5 mg/L and [14].
Posaconazole is the second-line drug that has
the highest activity among the azoles, with a
MIC value of 0.5 mg/L [14]. However, drug
resistance was noted in our cases, like reported
by Drogari-Apiranthitou et al. [14].

Drug resistance in mucormycosis leads to
poor outcomes. Drogari-Apiranthitou et al.
found resistance to amphotericin B in five
Rhizopus species with minimum inhibitory
concentrations of >2 mg/L (against the usual
0.5 mg/L). Resistance to posaconazole was
observed in three Rhizopus species with mini-
mum inhibitory concentrations >4 mg/L
(against the usual0.5 mg/L), of which one was
also resistant to amphotericin B [14]. In a
series of 409 cases of ROCM, we found drug
resistance in about 10% of cases.
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20.3 Reason for Prognosis-Based
Parameters and Ways
to Improve Outcomes

e This disease can spread at anytime from Grade
1 to Grade 4.

e The disease does not always manifest in the
nose and sinuses after inoculation. To begin
with it can directly damage any structure, such
as the eye, palate, and brain. It can strike any
of these places any moment, and each
patient’s pattern will be unique.

e Although prognosis depends on the crucial
areas affected; the species of the mucor
involved and its sensitivity to amphotericin
B are equally important. Therefore, based on
current classifications, stage 1 may have a
poorer prognosis than stage 2.

* An adequate clearance is required for better
prognosis, and an expert surgeon is required to
access difficult locations such as the floor of
the sphenoid sinus, pterygoid process, and cli-
vus. Because surgeons will be hesitant to clear
this area for the fear of injuring the internal
carotid artery, a full debridement may not be
possible leading to poor prognosis.

» The difference in intracranial and extracranial
spread is that the drug penetration is question-
able in the brain due to the blood—brain
barrier.

It is feasible to take specific aspects from
each classification and evaluate their advan-
tages and disadvantages in detail. However, that
is not our goal; rather, we want to provide some
best practises for dealing with this disease.
Based on MRI findings, the surgeons are
expected to be much more aggressive with this
condition. For most of us this epidemic has been
a completely new experience as well as an
opportunity to work as a team. The mainstay of
treatment remains MRI knowledge, thorough
debridement and medication susceptibility and
sensitivity.
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Debates in Rhino-Orbito-Cerebral
Mucormycosis: Orbital Disease

21

Management Dilemma

Nishi Gupta, Satish Jain, and Poonam Singla

Management of the orbital disease in rhino-
orbito-cerebral mucormycosis (ROCM) remains
a dilemma. With the endoscopic method,
restricted debridement of the affected area is
more feasible. Managing orbital disease in a
large series of ROCM cases gave us some
useful information.

The extent of orbital clearance is still up
for debate. Literature supports aggressive surgi-
cal management to improve survival [1-6] except
for some authors who support no orbital interven-
tion in a few selected cases [3, 7]. The decision to
exenterate is difficult when vision is preserved or
the ophthalmoplegia is not complete [1, 8-10].

A team of surgeons and radiologists can
map the full extent of disease with good imaging
facilities. The spread of disease from the orbit to
the cavernous sinus is a serious concern that has a
substantial impact on the prognosis. That is why
the issue over no intervention versus limited orbital
debridement or orbital exenteration is so important
[11]. Any disease in orbit that is not treated will
inevitably increase the chance of involvement of
the cavernous sinus. Contiguous spread from the
sinuses and orbits cause involvement of the central
nervous system (CNS) [11] or it might manifest as
isolated CNS involvement with hematogenous
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spread from distant places [11]. The orbital
apex on the other hand is a clear path for the dis-
ease to travel from orbit to the brain.

The orbital apex (OA) is the narrowest part of
the orbit connecting it to intracranial structures
[12]. The superior orbital fissure and the optic
canal make up the bony OA (Fig. 21.1). The optic
nerve and the ophthalmic artery are housed in the
optic canal, which is located in the superomedial
region of the orbital apex. Optic strut is a piece of
bone that separates superior orbital fissure from
the optic nerve [12] (Fig. 21.2).

The important structures related to the orbital
apex are the cavernous sinus that is located poste-
rior to the superior orbital fissure (SOF). Cranial
nerves III, IV, VI & ophthalmic (VI) branch of

Fig. 21.1 Skull photograph demonstrating the orbital
apex (OA) consisting of the superior orbital fissure (SOF)
(white star) and the optic canal (black star)
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Fig. 21.2 Skull photograph demonstrating optic strut, a
bony ledge that separates SOF from the optic canal

Fig.21.3 Skull photograph, intracranial surface showing
the OA, the relation of SOF, optic canal, greater wing of
the sphenoid and cavernous sinus area

trigeminal nerve pass through superior orbital fis-
sure [13]. The symptoms of orbital apex syn-
drome include vision loss and ophthalmoplegia.
Because SOF, OA (SOF + optic canal), and cav-
ernous sinus are so close together, the disease
from SOF to OA to cavernous sinus happens
quickly, with overlapping symptoms resulting in
three syndromes, SOF syndrome, cavernous
sinus syndrome, and OA syndrome [13, 14]
(Figs. 21.3,21.4, 21.5, and 21.6). OA is the most
crucial area that is often The most important fac-

Fig. 21.4 Intracranial surface of the skull showing OA
and its relation. ACP Anterior clinoid process, ON Optic
nerve canal, LWS Lesser wing of sphenoid, GWS Greater

wing of the sphenoid
’s L
)_I
Greater wing

of sphenoid
1/25/.

Fig. 21.5 CT scan axial section showing OA and its
relations

Optic canal

Fig.21.6 Coronal CT showing SOF, optic canal, anterior
clinoid process, and optic strut

tor to consider when deciding whether to debride
the orbit radically or conservatively is OA.
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Endoscopic debridement of sinuses is the
most critical part of ROCM surgery. The need for
orbital clearance during the same sitting raises
some of the questions listed below.

21.1  Should the Lamina
Papyracea Be Opened
This question arises in circumstances of

extremely limited ocular disease, because in
cases of severe orbital disease, the answer is
obvious. In case of restricted disease, the patient
may have little or no eye symptoms, yet an MRI
of the orbit reveals illness. If an MRI indicates
that a disease is present in the orbit, the lamina
papyracea must be opened. However, it is neces-
sary to be able to distinguish basic inflammation/
infection from fungal disease in the orbit. The
best way to diagnose ocular illness is to use a
contrast-enhanced MRI that detects loss of con-
trast. T2W MRI will reveal enhancement in
infection, whereas contrast enhanced MRI will
show loss of enhancement, suggesting the need
to open up the lamina payracea. The lamina pap-
yracea can be removed easily using a blunt dis-
sector and, the periorbita is incised. Allow the fat
to prolapse; this helps identifying the diseased
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tissue much easier. The fat can be teased; the
orbital tissues are retracted laterally by the assis-
tant, and an angled endoscope is employed. If
there is a disease in orbit on MRI in areas with
loss of contrast, they should be identified and
looked for intraoperatively. In case of a limited
disease, distinguishing between the healthy and
unhealthy fat may be difficult. MRI on the other
hand provides information on disease’s location
in the orbit.

21.2 Mapping of the Orbital
Disease on MRI

Orbital disease can be detected in three ways
1. Perioptic cerebrospinal fluid space

2. T2W fat-suppressed imaging

3. Diffusion-weighted MRI.

21.2.1 Perioptic Cerebrospinal Fluid
Space

Perioptic cerebrospinal fluid space is the area
between the optic nerve and the meningeal sheath
covering it (Fig. 21.7). Enhancement of this space
on the T2W sequence indicates a normal optic

Fig. 21.7 (a) T2W fat-suppressed MRI showing left perioptic space enhancement. (b) Extensive disease on the left
side involving ethmoids, left orbit, reaching up to the skull base
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nerve. This space should be looked for from the
anterior to the posterior as sometimes this perioptic
space is normal in anterior cuts. As we go posteri-
orly, the space enhancement disappears in massive
orbital disease (Fig. 21.8). The best MRI sequences
for orbital disease mapping are T2W ES. After the
fat is suppressed, any area that shows enhance-
ment indicates disease. It is easy to distinguish

Fig. 21.8 Extensive disease in the right orbit, suggests
the need for an endoscopic orbital debridement

N. Gupta et al.

between minimal disease and a massive orbital dis-
ease, making it easy to determine the extent of
debridement (Figs. 21.9 and 21.10).

21.2.2 Diffusion-Weighted MRI

DW MRI sequences can pick up the infarct at the
earliest. In Fig. 21.11, the left optic nerve has
infarct and even if the patient clinically has some
vision, he could lose it the next day so warn him
before he is operated. Infarcts are developing on
the right side (Figs. 21.12 and 21.13) of the same
patient, indicating bilateral involvement with
eventual blindness.

Indications of Traditional
Orbital Exenteration vs,
Endoscopic Orbital Clearance

21.3

Clinical pictures in Figs. 21.14 and 21.15
show patients who are a clear case for traditional
orbital exenteration and an open surgical tech-
nique for the treatment of ROCM. Patients with

Fig. 21.9 (a) T2W FS MRI showing enhanced area of disease in the left orbit. (b) Contrast-enhanced MRI showing
dark area with loss of contrast in ethmoids, pterygopalatine fossa, ethmoids, and left orbit
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Fig. 21.10 (a) T2W FS MRI showing involvement of the left maxillary antrum, ethmoids, and orbit. (b) Contrast-
enhanced MRI showing dark areas in the pterygopalatine fossa (arrow)

Fig.21.11 Left orbital disease with infarct in the left optic nerve on DW MRI (arrows)
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Fig. 21.12 Infarct in both the optic nerve indicating
impending vision loss

Fig. 21.13 Right optic nerve infarct (arrows) seen on
DW MRI

merely ptosis (Fig. 21.16) and no involvement of
anterior structures of the eye on the other
hand, are candidates for endoscopic orbital clear-
ance. The disease area can be classified on MRI
as confined or large (Figs. 21.17 and
21.18). Transnasal endoscopic clearance can be
done in the orbit irrespective of the extent of dis-

N. Gupta et al.

Fig.21.14 Clinical image of a patient showing extensive
involvement of the skin and eyelids, indicating orbital
exenteration with an the open approach for the remain-
der of the disease clearance

Fig. 21.15 Clinical image of a patient with severe cor-
neal, conjunctival, eyelid, and cheek skin involvement,
indicating traditional orbital exenteration

ease on MRI. It may vary from a limited clear-
ance to exenterating most of the diseased part
except optic nerve and globe. Endoscopic clear-
ance however, has no role in cases of massive
disease involving cheek, skin, lids, cornea and
conjunctiva etc.
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Fig.21.16 Clinical photograph of a patient with right ptosis and normal anterior contents of the orbit, an indication of

endoscopic debridement

Fig. 21.17 Left orbital disease on TIW MRI

21.4 What to Do If You Have Severe
Ocular Signs with Normal Nasal
Endoscopy

During the current Covid pandemic, majority of
ROCM patients presented with severe ocular
signs, there were no nasal symptoms and the

Fig.21.18 T2W FS MRI showing extensive right orbital
disease

nasal endoscopy was within normal limits [15—
17] (Fig. 21.19). In such cases, a biopsy from the
nasal mucosa should be obtained at the earli-
est, even if there are no black discoloration or
necrosis. The biopsy is often positive and helps
in clinching the diagnosis. Despite the fact that
clinical characteristics of mucor are often diag-
nostic, orbital intervention requires a proven
diagnosis due to medicolegal concerns. If the
diagnosis is confirmed, the next step is to evalu-
ate many MRI sequences in detail to distinguish
between infection and tissue fungal infiltration.
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Fig. 21.19 Acute ocular involvement with lid odema (a), conjunctival chemosis (b), ptosis (¢) and lid excoriation (d),
lid odema with congestion (e), cheek swelling (f) in a series of patients with normal nasal endoscopy (g and h)

After obtaining a guarded visual prognosis con-
sent, endoscopic orbital debridement is per-
formed. The reason for isolated orbital
involvement with no sino nasal disease is direct
spread of mucor through the sphenopalatine
foramen to the PPF, inferior orbital fissure, and
to the orbit, bypassing the sinuses.

Following confirmation of the diagnosis, addi-
tional endoscopic orbital clearance or exentera-
tion is performed based on the characterstics
stated in the indications.

21.5 Should Patients with Cerebral
Involvement Have Orbital
Exenteration

Orbito-cerebral involvement in mucormycosis
carries a poor prognosis [18-20]. Once the cere-
bral involvement has already taken place, orbital
exenteration may not improve the overall survival
[20]. There is significant morbidity attached to
the orbital exenteration, and if the vision is nor-
mal, it becomes considerably more difficult to
exenterate the eye.

This, however, does not mean the orbital dis-
ease load should not be decreased. This situation
definitely needs intervention, and the option to
choose an intervention depends on the disease’s
extent and the skill set’s available to do a com-

plete endoscopic debridement of the orbital apex
area. The wide opening of the sinuses, an endo-
scopic medial maxillectomy and clearance of
PPF are all needed to clean the orbital apex area.

In the case of extensive orbital disease with
cerebral involvement, exenteration may help
reduce the disease burden and prolong the sur-
vival of patients with cerebral disease. Endoscopic
globe sparing orbital exenteration is a safe, suc-
cessful, and effective procedure with minimal
low-morbidity operation that can be performed in
cases when the anterior structures are not affected.
If there is severe orbital disease with infiltration
of the cornea and conjunctiva, a traditional orbital
exenteration should be performed.

Endoscopic orbital debridement can be per-
formed without compromising vision in cases
with mild orbital disease and preserved vision, as
discussed, in the surgical management of
ROCM chapter. Although the results of endo-
scopic orbital clearance have been highly encour-
aging, a consent for vision compromise must be
taken from those who have normal or partial loss
of vision. A globe sparing transnasal orbital
exenteration may be performed in cases of mas-
sive disease where the patient has total blindness,
ophthalmoplegia, and orbital apex involvement.
An excellent view of OA is obtained by endo-
scopic approach, as well as an adequate clearance
(Fig. 21.20).
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Fig. 21.20 Endoscopic view of the orbital apex includ-
ing the optic nerve, SOF, and carotid artery in the lateral
wall of the sphenoid

It is not recommended to do orbital exentera-
tion or clearance without first clearing the
PPF. Despite the fact that it is an aggressive nec-
rotizing infection that spreads from the nose to
the sinuses, orbit, and CNS, orbital and cerebral
involvement may occur through diverse
paths [21]. These occur via the routes of numer-
ous affected and via the lamina papyracea or crib-
riform plate; the pterygopalatine fossa is the most
likely route to orbital dissemination, followed by
inferior orbital fissure, retrobulbar area and ulti-
mately, the cavernous sinus involvement. Hoseni
et al. found no evidence of orbital invasion via
the ethmoid sinus in any of these patients. The
lamina papyracea was intact in all the cases [15].

21.6 Mortality

In the literature, many points of view have been
provided with some arguing, that the orbital
involvement may not be a sign of poor prognosis
[1]. Others on the other hand, indicated that
when orbital involvement was present, the mor-
tality rate increased by more than 2-fold in their
study [7].

Hargrove et al. similarly found that exentera-
tion of the eyeball resulted in a higher survival
rate in patients with same symptoms and risk fac-

tors [22-24]. In some circumstances, debride-
ment without exenteration, according to various
writers allows for eyesight preservation [25, 26].
They also noted that globe invasions are uncom-
mon and have only been observed in one of their
cases [27, 28].

Key Points

e Even if the eyesight is normal, if there is
a disease in orbit, it must be endoscopi-
cally debrided.

* Globe sparing endoscopic exenteration
is a preferrable method if the compe-
tence is available otherwise traditional
orbital exenteration is the best option.

* Endoscopic clearance of the orbital apex
disease is possible.

 If the patient refuses to consent to orbital
intervention, it is best to postpone the
surgery while outlining the benefits and
drawbacks.
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Profile of Rhino-Orbito-Cerebral

Mucormycosis Patients Reporting
after Multiple Debridement
and Antifungal Treatment

Nishi Gupta, Shruti Ogra, and Shreya Aggarwal

Despite surgical debridement and a full course of
antifungals six months after the initial cases of
rhino-orbito-cerebral mucormycosis (ROCM)
began flooding, the disease refuses to leave us
with the patients coming with persistent symp-
toms and significant morbidity. It is uncertain
whether it’s a residual disease or recurrent dis-
ease, which puts clinicians in a dilemma?

This chapter discusses several recent cases
residual/recurrent disease reported despite multi-
ple debridements. A detailed analysis of these
cases was done regarding the initial presenta-
tion of these cases, the number of debridements,
the extent of debridement, availability of ampho-
tericin B, patient compliance, and so on were all
thoroughly examined.

Let us take a look at each of these conditions
one by one using appropriate instances.

N. Gupta (D<)
Dr Shroff’s Charity Eye Hospital, New Delhi, India

S. Ogra
Central Railway Hospital, Connaught Place,
New Delhi, India

S. Aggarwal
All India Institute of Medical Sciences,
New Delhi, India

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2022

Case 1

After right orbital exenteration and endo-
scopic sinus debridement, a 37-year-old
man presented with recurrent symptoms. At
the time of presentation his orbital socket
was 0ozing eschar, indicating an inadequate
debridement (Figs. 22.1 and 22.2). He had a
minor non-healing gingival ulcer that
wasn’t there when he undewent primary
surgery (Figs. 22.3 and 22.4).

Patient’s preoperative contrast-enhanced
MRI scans were reviewed. On preoperative
scans there was loss of enhancement in the
palate on the right (red circle, Fig. 22.5),
indicating that the palate was involved, a
finding which is commonly overlooked if
not explicitly sought for. Leaving this dis-
ease untreated might lead to palatal disease
progression, as seen in this example who
also had disease in the right right pterygo-
palatine fossa (star, Fig. 22.6).

CT scan of the same patient showed
intact walls of the maxilla, indicating that a
modified medial maxillectomy was not
performed during the previous surgery
resulting in the residual disease in the pter-
ygopalatine fossa (PPF). Such patients fre-
quently continue to have symptoms with
further progression of the disease.
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Complete bilateral spheno-ethmoidec-
tomy, bilateral modified medial maxillec-
tomy, clearance of both sides PPF, and
alveolar bone debridement were all part of
the revision surgical plan. The PPF is the
reservoir of infection that should essentially
be cleaned in all the cases of ROCM under-
going orbital clearance or exenteration.
Median maxillectomy does not give any
morbidity to the patient. Instead it allows
more access to the orbit and postoperative
inspection. Failure to clear PPF can lead to
further involvement of the palate due to the
involvement of vessels in the pterygopala-
tine fossa with further progression of the
disease, like a gingival ulcer in this case.

An oozing socket with eschar from an
exenterated eye implies a lack of prelimi-
nary workup, clearance, and presence
of a disease reservoir. In mucormycosis

orbital exenteration should never be per-

formed without PPF clearing. Fig.22.2 Case 1: Close-up view of the socket filled with
necrotic material and has bluish discoloration of the
medial canthal skin indicating an impending fistula

Fig. 22.1 Case 1: A 37-year-old male with a post exen-
teration orbital cavity oozing eschar

Fig. 22.3 Case 1: Same patient as in Fig. 22.2, has pala-
tal bogginess in postoperative period indicaing early pala-
tal involvement
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Fig. 22.6 Contrast-enhanced MRI reveals intermittent
areas of non-enhancement in right pterygopalatine fossa
(star) (Courtesy Dr Satish Jain, Jaipur)

Fig. 22.4 Case 1: A tiny non-healing gingival ulcer that Case 2

indicates disease spread A 35-year-old woman presented with pro-
ptosis, severe conjunctival chemosis, a
melting cornea, a big fistula in the medial
canthal area and pustules over the skin of
the cheek (Fig. 22.7). She’d had an endo-
scopic sinus debridement as well as a pala-
tal excision and was feeding through
a Ryle’s tube. Patient’s unwillingness to
consent to an orbital clearance, which is a
typical example of residual disease flaring
up to this extent, contributed to the rapid
advancement of eye symptoms.

Large lesions in the right medial wall
and apex of the orbit were seen on MRI
with contrast enhancement (Figs. 22.8 and
22.9). Postoperative changes were seen on
the right with the lack of medial wall of
maxilla and formation of a single cavity
(Fig. 22.10). Significant involvement of
ethmoids, sphenoid, and orbit was seen.
Involvement of the greater wing of sphe-
noid and bilateral ethmoids was also pres-
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Fig. 22.5 Contrast-enhanced MRI reveals loss of .
enhancement in the right palate (red circle) indicating ent (Figs. 22.11, 22.12, and 22.13).
palatal disease (Courtesy Dr Satish Jain, Jaipur)
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The next step in the treatment strat-
egy included a total maxillectomy, orbital
exenteration and excision of the involved
skin. The patient was emphatic about refus-
ing to submit to orbital exenteration.
Because the team refused to adjust the plan
to her liking, she was not operated.

Fig. 22.9 Case 2: The sagittal section of a contrast MRI
of the paranasal sinuses reveals large lesions in right
orbital apex

L

Fig.22.10 Case 2: A big postoperative cavity reveals the
missing medial wall of the maxilla and a common cavity
formation between the nose and the maxilla

Fig. 22.7 Case 2: Right eye proptosis, ptosis with severe
conjunctival chemosis, melting cornea, fistula in the
medial canthal area and pustules on the right maxillary
skin area. Ryle’s tube can also be seen in place

Fig. 22.8 Case 2: Contrast MRI of paranasal sinuses
axial section reveals extensive lesions in right orbital apex
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Fig. 22.13 Case 2: T2W Fat-suppressed MRI of right
orbits reveals areas of enhancement indicating significant
disease

Fig. 22.11 Case 2: Contrast MRI of PNS, axial view Case 3
reveals a lesion in medial orbital wall and ethmoids as
well as orbital apex with extension into the right cavern-
ous sinus

The third patient was a 57-year-old man
who had previously undergone two
ROCM procedures. He developed conjunc-
tival chemosis, ophthalmoplegia, and par-
tial vision loss, a month after the second
surgery (Figs. 22.14, 22.15, and 22.16).
T2W fat-saturated and TIW with contrast-
enhanced scans were done in axial, coro-
nal, and sagittal planes. There was evidence
of heterogeneously enhancing T2 hyperin-
tense contents in the left frontal, ethmoid,
and sphenoid sinus, which extends into the
medial wall of the left orbit with the
destruction of lamina papyracea. The soft
tissue is seen to extend into the left orbital
apex and left cavernous sinus that appears
heterogeneous. However, flow voids within
are maintained. The extraocular muscles
appeared bulky and showed altered signal
intensity with both intra and extraconal fat
stranding. Optic nerve appeared bulky and
showed altered signal and heterogeneous
enhancement. There was evidence of post-
operative changes in the form of non-

Fig. 22.12 Case 2: The right orbital apex and greater
wing of the sphenoid (arrow) are involved in T2W MRI
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visualization of the medial wall of the left
maxillary sinus with a common cavity for-
mation with the nasal cavity. Signs of resid-
ual disease were present (Figs. 22.17,
22.18,22.19, 22.20, and 22.21).

This patient underwent revision surgery
with orbital exenteration at a higher center
(Fig. 22.22). Orbital exenteration was per-
formed because of the involvement of ante-
rior structures of the eye, including the
conjunctiva. Amphotericin B injection
were given after a complete debridement of
the pterygopalatine fossa with orbital exen-
teration. Patient is doing fine one month
after the surgery. To achieve good results,
complete compliance and well-understood
consent as well with meticulous surgery
are required.

In this patient, the probable cause of the
recurrence of the symptom was the residual
disease in the orbit that progressed gradu-
ally. In case 1 residual disease in the ptery-
gopalatine fossa led to an exuding socket.
In this case, the residual disease in orbit
and probably the incomplete clearance of
PPF led to the slow progression of symp-
toms. These cases showed significantly
improved outcomes following thorough
debridement and antifungal medication.

Fig. 22.15 Case 3: Postoperative image of the same
patient as in Fig. 22.14 showing conjunctival chemosis

Fig. 22.16 Case 3: Close-up view of the same
patient as in Fig. 22.15

Fig. 22.14 Case 3: Clinical photograph of a 57-year-old
man with ophthalmoplegia and a history of ROCM

surgery
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Fig. 22.19 Case 3: Contrast-enhanced T1W MRI para-
nasal sinus with hyperintense contents in left frontal sinus

Fig. 22.17 Case 3: Heterogeneously enhancing T2
hyperintense contents in the left ethmoids, which extends
into the medial wall of the left orbit with the destruction of
lamina papyracea

Fig. 22.20 Case 3: Contrast-enhanced TIW MRI para-
nasal sinus with soft tissue extension into the left orbital
apex and left cavernous sinus, and extraocular muscles
appear bulky and show altered signal intensity

Fig.22.18 Case 3: Reveals T2W fat-saturated axial MRI
paranasal sinus with hyperintense contents in the left eth-
moid and sphenoid sinus with the destruction of the left
lamina papyracea



292

Lt IS

Fig. 22.21 T2W MRI paranasal sinus axial view show-
ing bulky extraocular muscles with hyperintense contents
in left orbit, sphenoid, and ethmoids

Fig. 22.22 Case 3: Clinical image of patient after left
orbital exenteration

Case 4
A 55-year-old woman, presented with
a 2-month history of two ROCM surgeries
with left orbital exenteration (Fig. 22.23).
She was fine for the first two months,
but then she began to lose vision in her right
eye, for which she was given a transcutane-
ous retrobulbar amphotericin B injection.
Nasal endoscopic examination showed a
well-healed cavity (Fig. 22.24).

MRI Study revealed postoperative
changes in left orbit and sinonasal cavity
(Figs. 22.25 and 22.26). Homogeneously
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enhancing T2W and T1W isointense soft
tissue was noted in the periphery of the left
orbital socket. No non-enhancing areas
were seen within the left orbit.

Moderate to extensive mucosal thicken-
ing was seen involving bilateral ethmoids,
bilateral frontal and right sphenoid sinuses,
with mild mucosal thickening in the rest of
the paranasal sinuses. Heterogenous
enhancement was seen in bilateral maxil-
lary sinuses with a non-enhancing retention
cyst in the right maxillary antrum, measur-
ing approximately 1.5 x 1.1 cm (Fig. 22.27).
The rest of the mucosa showed relatively
homogenous enhancement.

[ll-defined STIR hyperintensity is noted
in the right masticator space with heteroge-
neous post-contrast enhancement. Hetero-
genous enhancement was seen in the right
pterygopalatine fossa abutting the orbital
apex. No definite compromise of the right
orbital apex is seen. The right middle cranial
fossa floor appeared thinned out and irregu-
lar, with dural thickening measuring approx-
imately 2.3 mm in thickness (Figs. 22.27,
22.28, and 22.29).

The cavernous sinus appeared normal.
The right optic nerve and extraocular mus-
cles were normal in signal intensity on all
sequences. The extraocular muscles show
homogenous post-contrast enhancement.

All these abnormalities were absent dur-
ing the preoperative assessment. Following
the initial procedure the endoscopy showed
a well healed nasal cavity. They were clas-
sified as new instances of illness.

At the time of presentation, The
patient was taking transcutaneous retro-
bulbar amphotericin B and at the time of
presentation. Her prescription was
changed to include anticoagulants to her
medication and she was given a follow-
up appointment.
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Fig. 22.23 Clinical photograph of a patient who under-
went left orbital exenteration with symptoms of partial
vision loss appearing in the right eye after 2 months, indi-
cating recurrent disease

Fig. 22.26 Case 4: The left orbit and sinonasal cavity
reveal postoperative changes in contrast-enhanced MRI
paranasal sinuses coronal view

Fig. 22.24 Case 4: Endoscopic view of the same patient
in Fig. 22.23 reveals a well healed cavity

Fig. 22.27 Case 4: Contrast-enhanced MRI paranasal
sinuses showing soft tissue in the periphery of the left
orbital socket. Mucosal thickening was seen in bilateral
maxillary and ethmoids. Note a non-enhancing retention
cyst in the right maxillary sinus

Fig. 22.25 Case 4: MRI PNS showing postoperative
changes in the left orbit and sinonasal area
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Case 5

A 40-year-old man had two surgical
debridements and had completed a full
course of antifungal medication. He was
alright for 2 months, before developing
symptoms of recurrent disease. At the time
of reporting to us he had developed weak-
ness on the right side of his face and right
hemiparesis and he was wheelchair-bound
(Fig. 22.30). Hemiparesis and intracranial
involvement necessitated. MR angiogra-
phy (Figs. 22.31, 22.32, 22.33, and 22.34).
Both internal carotid arteries were
obstructed on MR angiography with the

disease in the vicinity. However, collateral

Fig. 22.28 Case 4: T2W MRI showing a postoperative from the external carotid artery were form-
cavity with hypodense areas in the right ethmoids

ing. He had extensive intracranial disease
with pontine hemorrhage. Greater wings of
sphenoid were also infiltrated with the dis-
ease on both sides. The surgery carried a
risk of paraplegia, and the chances of
recovery from anesthesia were grim, given
the pontine involvement.

The patient was put on anticoagulants
and antifungals and were looked after by a
team of an intensivist and an otorhinolaryn-
gologist. Periodic nasal endoscopy with
disease clearance was performed. After
15 days of treatment patient’s hemiparesis
was gone, and he was able to walk without
assistance. He tolerated amphotericin
B well, and he is doing well two months,
after he was diagnosed with signifi-
cant intracranial disease. We do not
Fig. 22.29 Case 4: Contrast-enhanced MRI paranasal know how the future will pan out for him,
sinuses axial view shows postoperative changes and but for the time being, the conservative
mucosal thickening in bilateral ethmoids approach appears to be working well.

The return of symptoms, despite the fact
that the patients had a symptom-free inter-
val, signal either persistent silent damage
or the emergence of a new thromboembolic
phenomenon. Identifying trends can aid in
better scenario management.
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Fig. 22.30 Case 5: Clinical photograph of a patient pre-
senting with right facial paresis with a normal intervening
period of 2 months following surgery for ROCM

Fig. 22.32 MR angiography brain showing absence of
flow-related signal in petrous segments of bilateral inter-
nal carotid arteries

Fig. 22.31 Maximum intensity projection (MIP) MR
angiography brain showing focal stenosis of mid-segment
of the basilar artery

Fig. 22.33 MR angiography brain showing attenuated
signal in cavernous segments of bilateral internal carotid
arteries
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Fig. 22.34 Maximum intensity projection (MIP) MR
angiography brain showing attenuated anterior cerebral
circulation and focal basilar artery stenosis

22.1 Residual/Recurrence
Disease: What Causes it

and How to Prevent It

Recurrent or residual disease can happen for a
variety of causes.

* A rapid increase in ROCM cases and a lack of
infrastructure to deal with the problem.

e There is a critical scarcity of life-saving drugs
such as amphotericin B.

* Due to a tremendous influx of patients, there
aren’t imaging facilities. As a result, due to the
scarcity of comprehensive imaging modali-
ties, disease mapping was not possible.
Imaging facilities involving CT, MRI, simple,
contrast, fat-suppressed, diffusion-weighted,
and MR angiography were required but locat-
ing even a simple CT in a high volume COVID
facility for all of the patients was very
difficult. It made it impossible to undertake a
thorough initial debridement.

e The pterygopalatine fossa, which is a dis-
ease reservoir, was not cleared in the vast
majority of patients.

e The disease spread so quickly and aggres-
sively, that even though an if MRI was per-
formed 72 hours before surgery, the disease
was discovered intraoperatively, to be pres-
ent in places not visible on MRI.

* In the instance of partial vessel occlusion,
there is a risk of progression as the thrombus
gradually obstructs the vessels until they
are completely blocked, with the symptoms
appearing after the primary surgery. As a
result, it is critical to check for notorious areas
on MRI and get diffusion-weighted MRI or
MR angiography, as mentioned in the chapter
on imaging. It is preferrable to read
MRI sequences on your own and com-
pare them. However, collaborating with a
radiologist and discussing MRI findings in
depth is beneficial for improved surgical
planning.

e Last but not least, was the difficulty in obtain-
ing patients’ consent regarding the orbital
exenteration and palatal excision. Failures
resulted from the residual disease that was left
due to a lack of permission.

The novel thromboembolic phenomenon, drug
resistance, continual immunocompromised condi-
tion and other factors all contribute to the uncer-
tain results in ROCM.

The patient must be aware that the high-cost
antifungal drugs may be needed for a longer
period than anticipated. The risk of further pro-
gression of the recurrent disease to the intracra-
nial structures may occur despite our best efforts.
Given India’s current trend of medicolegal diffi-
culties, obtaining record video permission during
the dialogue with the patient to convey the bene-
fits and drawback of the treatment is critical.
Medical treatment can improve life span in
patients with extensive intracranial involvement.
We provide our expertise based on diverse cir-
cumstances because there is no consensus on the
optimum technique. It is upto the readers to come
out of best practises.

Recurrence can be prevented by thorough
debridement of disease in ROCM based on MRI
evaluation of the preferential sites as described
in the chapters on surgical management Strict
glycemic control, adequate antifungal drugs
with species identification, drug sensitivity and
susceptibility are all important factors to
consider.
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Cerebral Mucormycosis
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There are several unmet needs in managing
rhino-orbito-cerebral mucormycosis (ROCM),
especially after the cerebral involvement of
mucormycosis takes place [1]. The future lies in
solving the challenges that lie ahead. These
include free availability of quick and reliable
diagnostic tests including PCR and molecular
tests, decision-making in surgical debridement,
drug sensitivity and susceptibility, minimal
inhibitory concentration (MIC) level, and combi-
nation drug trials of antifungal drugs.

23.1 Quick and Reliable
Diagnostic Tests, Including

PCR and Molecular Tests

The key to treating mucormycosis successfully
lies in early intervention. As a result, early diagno-
sis and institution of prompt therapy in ROCM
leads to improved outcomes [1]. Currently, there
are no available biomarkers of mucormycosis [2].
Definitive diagnosis is based on the microbiologi-
cal assessment of the biopsy material. A prelimi-
nary diagnosis can be made on direct microscopic
examination aided by fluorescence microscopy
that enhances the sensitivity [3]. The Mucorales
hyphae are highly fragile and may get damaged
during processing leading to poor culture results.
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Some stains that highlight hyphae like Grocott
methenamine silver (GMS) and periodic acid
Schiff (PAS) should be used for histopathological
examination. Mucorales species need to be stained
for a longer duration than other fungi [3].

However, having a culture-independent
technique for the early identification of species
is critical. PCR-based assays, using Mucorales
specific primers such as CotH [4], can add to
the diagnosis. PCR-sequencing for the internal
transcribed spacer (ITS) region is the recom-
mended molecular method for identifying
Mucorales [5].

This technique’s use is limited due to its avail-
ability only at the reference laboratories. There is
aneed for the free availability of this technique at
major centers treating mucormycosis. The molec-
ular technique is helpful in cases where culture
fails to grow Mucorales or in cases of concurrent
infection due to Aspergillus and Mucorales or
where histopathological differentiation is diffi-
cult due to the sparse fragments in tissue [6-9].

The molecular method is a quicker and takes
<48 h compared to the culture that takes more
than (72-144 h) and histopathological (72-96 h)
[6]. Immunohistochemical staining of tissue
specimens shows good sensitivity and specificity
for Mucorales sp., and enables differentiation
between mucormycosis and aspergillosis [10].
Mucorales DNA can be detected in the serum of
patients 3—-68 days before the routine diagnosis
[11, 12]. This can help predict patients at risk of
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progression and can help in instituting early
therapy.

The absence of commercially available meth-
odologies to test the analytical sensitivity of
molecular methods is one of the many challenges
in doing molecular testing in the current situa-
tion. A commercially available kit, MucorGenius
(Pathonostics, Maastricht, The Netherlands), is a
real-time PCR assay. It can provide results in as
early as 3 h with a sensitivity of 75%. However, it
is not an FDA-approved kit [5, 12—-15].

23.2 Decision-Making in Surgical
Debridement

Surgical debridement is the cornerstone of mucor-
mycosis treatment and it improves survival [1,
16—18]. The majority of ROCM cases are treated
by Otorhinolaryngologists with endoscopic sinus
surgery. However, the extent of resection can
range from simple endoscopic debridement to
radical surgery involving orbital exenteration,
palatal resection, and intracranial intervention.
The decision is based on the disease mapping on
multiple MRI sequences, but the extent of resec-
tion is still up for debate.

There is adequate evidence to show that major
surgery for intracranial involvement has a poor
prognosis [19-23]. High mortality was seen
despite intervention in patients with intracranial
involvement while those on conservative man-
agement remained stable for much longer than
anticipated.

The collaterals developing from the external
carotid artery were detected in those who were
unsuited for anesthesia and had areas of infarc-
tion in the brain with engulfment of both internal
carotid arteries. They were kept on antifungals
and anticoagulants. The collateral circulation
kept improving with time. Some of them recov-
ered from hemiparesis and were stable at the time
of writing this. However, the future course
remains uncertain in these cases.

As a result, after consulting with the patient
and their families, a team of neurosurgeons, oto-
rhinolaryngologists, radiologists, and intensiv-

ists decides to operate on cases with intracranial
involvement [24]. Intracranial intervention
should focus solely on assisting the patient in
reducing intracranial pressure. Radical excision
of intracranial fungal lesions is not recom-
mended [25].

23.3 Drug Sensitivity, MIC Level
and Combination Drug
Trials, and the Cost of
Antifungal Drugs

Some of the important aspects of antifungal treat-
ment in mucormycosis are as follows:

e The Ideal antifungal drug

* Drug resistance/Minimal
Concentration/drug susceptibility

e Combination antifungal drugs

e Duration of antifungal drugs

e Blood-brain barrier

e Antifungal drugs for invasive antifungal infec-
tions; Cost regulation

Inhibitory

23.3.1 The Ideal Antifungal Drug

The optimal antifungal agent for treating ROCM
is the one that has a fungicidal property against
that strain, has a good penetration across the
blood—brain barrier in (cerebral mucormycosis)
to result in a concentration that is more than the
minimal inhibitory concentration, and is safe to
use for longer periods of time that means it should
have low side effects. So, there is no single ideal
drug that fulfils all these criteria [1].

23.3.2 Drug Resistance/Minimal
Inhibitory Concentration/
Drug Susceptibility

During the care of ROCM endemic surgeons and
physicians confronted numerous problems. There
was a variation in susceptibility to antifungals.
Therefore, mere identification to species level is
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not helpful. Antifungal susceptibilities vary
across mucormycetes hence antifungal testing is
beneficial.

Drug resistance was noted during ROCM
management, where some patients on antifungals
deteriorated despite a meticulous debridement
based on disease mapping on MRI. Poor drug
response in these cases was due to the drug resis-
tance with high minimal inhibitory concentration
(MICs) of amphotericin B. MICs can be tested by
EUCAST methodology (European Committee
on Antimicrobial Susceptibility Testing) [26].

Amphotericin B was the most potent drug
against mucormycetes, with MICs lower than 0.5
mg/L for most of the strains. However, resistance
to amphotericin B was found in five cases of
Rhizopus strains [26]. Posaconazole is the sec-
ond-line most potent drug against mucormycosis.
It has the highest activity among the azoles, with
an MIC value of 0.5 mg/L [26]. It is important to
know the strain of mucor on culture as there are
21 clinical isolates of micromycetes. Appropriate
antifungal susceptibility tests should be carried
out, and susceptibility breakpoints for Mucorales
and other common species of mucor should be
determined [1].

23.3.3 Combination Antifungal
Drugs

There are only a few studies on in vitro suscepti-
bility tests to guide us in our treatment decisions
[1]. However, a two-drug regimen (amphotericin
B and Posaconazole) right from the beginning
has better outcomes in patients with intracranial
extension of mucor.

Although a drug of choice for Mucorales spe-
cies, liposomal amphotericin B, has a poor
blood—brain barrier and is highly nephrotoxic [1].
As a result, when used in combination with an
azole, like posaconazole or isavuconazole, it may
increase the drug concentrations in the brain.
Although there haven’t been many studies in the
past to support this, we have enough evidence of
using a combination of antifungal drugs during
the mucormycosis endemic with significantly
improved outcomes.

Patients were started on amphotericin B and
then switched to azoles like posaconazole or isa-
vuconazole over time. Lack of amphotericin B,
pressing need to save lives, the necessity to coun-
teract amphotericin B toxicity and in some sce-
narios, poor response to amphotericin B,
prompted us to try various combinations [1].

Since mucormycosis is an emerging invasive
fungal infection, antifungals can help manage it.
Using a combination of antifungal drugs does not
offer any antagonism. It instead offers the syner-
gistic effect of the combination of amphotericin
B with other antifungals; consequently, more
research is worthwhile [26-30].

23.3.4 Duration of Antifungal Drugs

Patients with CNS manifestation were given
amphotericin B for 1 month. However, the dura-
tion of antifungals should ideally be determined
by the severity of the disease at the time of pre-
sentation, extent of surgical debridement, and the
patient’s systemic condition. Some people have
recommended using antifungals for 6 months [1].
However, the high cost, practicality, and toxicity
were some of the challenges we encountered.

23.3.5 Blood-Brain Barrier

Amphotericin B crosses the blood—brain barrier
poorly and is available in low concentrations in
the brain tissue in patients [31-33]. In experi-
mental animals, cerebral spinal fluid and plasma
concentration of <0.3 have been achieved [34].
During experimental studies, the azoles showed
better penetration while the penetration of
amphotericin B remains poor even in meningeal
inflammation [33]. Intrathecal administration of
amphotericin B using an Ommaya reservoir has
been reported to be helpful in a few cases [34].
The patients were shifted to isavuconazole
after amphotericin B due to toxicity of ampho-
tericin in some cases and due to better cerebral
penetration. The concentration of isavuconazole
in the brain and plasma ratio was 1.8 after a sin-
gle dose and 1 after the repeat dose [35, 36]. With
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a typical dose of isavuconazole, a higher concen-
tration of isavuconazole could be obtained in
brain tissue, although, its penetration was low in
cases of fungal brain abscess and was shown to
be nearly zero [35].

Cerebrospinal fluid concentrations of posacon-
azole are highly variable, with cerebrospinal fluid
to plasma ratios ranging from 2.3 to <0.01 [37-
39]. Unlike amphotericin B, cerebrospinal fluid
penetration of posaconazole increases in menin-
geal inflammation [38]. Successful treatment
with posaconazole was found in 50% of CNS
fungal infections [40], making it effective in
cerebral mucormycosis [41, 42].

23.3.6 Antifungal Drugs for Invasive
Fungal Infections; Cost
Regulation

Invasive fungal infections necessitate long-term
antifungal treatment. The ROCM endemic faced
numerous obstacles. One of them was the high
cost of the antifungal medication, which added to
the patient’s financial hardship. This resulted in
low compliance, which resulted in high morbid-
ity and mortality.

The path forward entails resolving present
diagnostic constraints, improving sensitivity and
susceptibility characteristics, developing combi-
nation techniques, and most significantly manag-
ing antifungal drug costs.
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