

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































416 Brook and Mumford

reduce the likelihood of causing chronic sinus disease. The management of
odontogenic sinusitis includes a three- to four-week course of antimicrobials
effective against the oral flora pathogens.
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Fungal Sinusitis
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INTRODUCTION

Fungal sinusitis spans a wide clinical spectrum that includes acute fulminant
invasive infection in immunocompromised hosts, chronic infection in indivi-
duals who are not immunosuppressed, and allergic disease. Current classifi-
cation schemes separate fungal sinusitis into four categories. The definitions
of the four major forms of fungal sinusitis are as follows:

e Acute invasive fungal sinusitis—rapid invasion of fungi through
the mucosa of the nasal cavity or sinuses into soft tissues and blood
vessels of the face, orbit, and cavernous sinus accompanied by
hemorrhagic infarction and necrosis

e Chronic invasive fungal sinusitis—subacute to chronic infection
characterized by invasion through the mucosa of the sinuses lead-
ing to destruction of the bony structures of the sinuses and orbit
and subsequent spread to the brain

e Mycetoma—masses of fungal hyphae that grow in the sinus cavity
but do not invade through the mucosa, also termed a fungus ball

e Allergic fungal sinusitis—allergic response of the host to coloniza-
tion of the sinuses by certain molds; this is not an infectious process

The fungi causing sinusitis are almost always molds; it is exceedingly
uncommon to see fungal sinusitis caused by yeast-like organisms. The molds

419
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that cause fungal sinusitis are ubiquitous in the environment; thus, exposure
is quite common and disease is primarily determined by the status of the
host. Local factors, such as nasal polyps and the presence of atopy in the
host, are important in the development of allergic fungal sinusitis. Acute
invasive infection occurs almost entirely in markedly immunosuppressed
patients. The clinical manifestations of the four forms of fungal sinusitis
differ, as might be expected, as does the approach to treatment. Not unex-
pectedly, overlap can occur with these four syndromes in some patients.

EPIDEMIOLOGY
The Organisms

The fungi most commonly found to cause invasive sinusitis belong to the
genus Aspergillus (1-5) (Table 1). Aspergillus fumigatus and Aspergillus
flavus cause most infections, while other species of Aspergillus have uncom-
monly been associated with invasive infection (2,6,7). Patients with chronic
invasive sinusitis in the United States are usually infected with A. fumigatus
(3); however, in the Middle East and India, chronic sinusitis is almost always
due to A. flavus (8,9).

Other hyaline or non-pigmented filamentous fungi, in addition to
Aspergillus species, are the causative agents of all forms of fungal sinusitis.
Typical molds from this group that cause sinusitis include Fusarium species,
Pseudallescheria boydii (Scedosporium apiospermum), and Paecilomyces spe-
cies (2,10-14). In markedly immunosuppressed hosts, especially those who
are neutropenic, acute invasion is the rule. In the older, non-immunosup-
pressed host, chronic invasion occurs with these fungi. Mycetoma and,

Table 1 Fungal Sinusitis: Risk Factors and Most Common Etiological Agents

Clinical syndrome Risk factors Usual organisms
Acute invasive fungal Hematologic malignancy Aspergillus
sinusitis Transplant recipient Zygomycetes

Diabetes with ketoacidosis
Deferoxamine therapy
HIV infection

Corticosteroids
Chronic invasive fungal Diabetes mellitus Aspergillus
sinusitis
Mycetoma (fungus ball) Corticosteroids Aspergillus
Chronic sinusitis Dematiaceous fungi
Allergic fungal sinusitis Atopy, nasal polyps Dematiaceous fungi

Aspergillus
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rarely, allergic fungal sinusitis have also been described in association with
the non-Aspergillus hyaline molds (15-17).

Dematiaceous or pigmented molds are the major cause of allergic
fungal sinusitis, but can also cause mycetoma, chronic invasive infection,
and uncommonly, acute invasive infection in immunocompromised hosts
(17-20). Infection with these fungi is also known as phaeohyphomycosis.
Organisms in this group include Bipolaris, Curvularia, Alternaria, Exserohi-
lum, and Cladosporium (21,22).

The zygomycetes, Rhizopus, Mucor, Rhizomucor, and less commonly,
Absidia and Cunninghamella, are prominent pathogens causing acute inva-
sive fungal sinusitis (23-25). The zygomycetes rarely cause any of the other
types of fungal sinusitis.

The Host

Almost without exception, acute invasive fungal sinusitis is seen in immuno-
compromised hosts (Table 1). The groups at highest risk include those with
hematological malignancies, those receiving a solid organ or hematopoietic
stem cell transplant, insulin-dependent diabetics, those treated with deferox-
amine for iron overload states or with corticosteroids for a variety of
diseases, and patients with HIV infection (2,4,6,10,12-14,23,26-35).

Patients with hematological malignancies are at risk for invasive
fungal sinusitis primarily while they are neutropenic; those with prolonged
severe neutropenia are at most risk (2,23,26,29). The addition of corticoster-
oids and broad-spectrum antibiotic therapy contribute to the risk of devel-
oping invasive sinusitis. Among those who have received a hematopoietic
stem cell transplant, the greatest risk is in the immediate post-transplant
period before engraftment and late after transplant with the development
of graft-versus-host disease (GVHD) that almost always requires intensive
immunosuppression (4,13,27,30).

Solid organ transplant recipients are at less risk for invasive fungal
sinusitis than those who have received a hematopoietic stem cell transplant.
However, those who require intensive immunosuppression for graft rejec-
tion and those who have concomitant cytomegalovirus (CMYV) infection
are at increased risk (33-36). Interestingly, lung transplant recipients who
have higher rates of pulmonary infection with Aspergillus than recipients
of other organs rarely manifest invasive fungal sinusitis (35).

Corticosteroids are a cofactor for fungal invasion in many of the
patients in the risk groups just described, but, when used alone, they also
appear to place patients at risk for acute invasive sinusitis (32).

In addition to the above risk groups, several unique populations have
an increased risk of developing acute invasive sinusitis due to zygomycetes.
Diabetics are especially at risk for infection when they are insulin-dependent
and develop ketoacidosis (25). Ketoacidosis appears to be important because
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of its detrimental effects on neutrophil chemotaxis, phagocytosis, and killing
(37), essential for defense against the zygomycetes. Use of the iron chelator,
deferoxamine, for removing excess iron that accumulates with multiple
transfusions, places patients at risk for infection with certain zygomycetes,
most notably Rhizopus species (31). Rhizopus is able to link to deferoxamine,
using it as a siderophore to obtain iron, a necessary growth factor.

In contrast to acute invasive sinusitis, most patients with chronic inva-
sive fungal sinusitis are not immunosuppressed. The patients are usually
older and may have non-insulin dependent diabetes mellitus (3,5,18,38).
Corticosteroids are frequently used as initial therapy before the correct diag-
nosis is made and undoubtedly contribute to the progression of disease, but
not to its initial development (38). There is usually no obvious exposure to
the infecting fungus.

Primary paranasal granuloma is a form of chronic invasive fungal
sinusitis that is seen in healthy young men who have no underlying illness.
This disease is described almost entirely from rural semi-arid areas of the
Middle East or the Indian subcontinent (8,9,39).

The situation with sinus mycetoma is similar to that of chronic
invasive fungal sinusitis in that the patients who develop mycetomas are
not immunosuppressed. However, there is almost always a history of recur-
rent episodes of sinusitis and, in some, a history of nasal polyps (1,16,40).

The typical patient with allergic fungal sinusitis is young or middle-
aged and has no underlying immunosuppression or other chronic systemic
diseases. These patients do have a history of atopy manifested by rhinitis
and/or asthma, recurrent sinusitis, and nasal polyposis that can be severe
(17,41).

PATHOGENESIS

Acute invasive sinusitis is characterized by rapid spread into the bony struc-
tures of the sinuses and orbit and subsequent progression in a matter of days
to involve the major vessels in the cavernous sinus and the brain (1,6,23).
The organisms that cause this syndrome have the propensity to invade blood
vessels causing thrombosis, hemorrhage, and tissue infarction. Patients with
neutropenia have a minimal host response and death ensues quickly (42).
Those who are not neutropenic have a more vigorous host response, but
because of host factors such as ketoacidosis or deferoxamine therapy, or
organism factors, especially when a zygomycete is involved, host defenses
are ineffective and thrombosis, tissue necrosis, and rapid death ensue (24,31).

Chronic invasive fungal sinusitis contrasts with the acute form in that
it progresses slowly over weeks to months, and the host response is a
mixture of necrotizing and granulomatous inflammation (1,3,8,18). The dif-
ference in the pathogenesis of this infection from that of acute invasive sinu-
sitis is related to the normal numbers of functioning neutrophils and
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macrophages that are present. The invading fungi, primarily Aspergillus, are
the same in both forms of sinusitis. Destruction of the bony structures of the
sinuses is usual. The mass of hyphae and the inflammatory response fre-
quently extend into the posterior aspect of the orbit, impinge on the optic
nerve, and may extend into the brain.

Primary paranasal granuloma is similar in pathogenesis, but described
mostly in reports from Sudan, other Middle Eastern countries, and India (8,9).
The host response is granulomatous. The few differences that exist between
primary paranasal granuloma and chronic invasive sinusitis probably reflect
the rapidity with which the diagnosis is made, host differences, and perhaps
the dominant role played by A4. flavus in primary paranasal granuloma.

Mycetoma formation is similar to that noted in pulmonary mycetomas,
which develop in existing cavitary pulmonary lesions (43). The maxillary
sinuses are almost always involved (40). The fungi are able to grow luxuri-
antly, forming a mass of hyphae that expands and can cause necrosis of
adjacent bony structures. However, invasion through the mucosa and growth
in the bone does not occur. Obstruction of drainage from the sinus creates
many of the symptoms and signs.

The pathophysiology of allergic fungal sinusitis has not been clearly
elucidated. However, it is clear that this disease happens almost entirely
in atopic individuals and that sensitization to fungal antigens is crucial
for the development of symptoms and signs. Two different theories exist.
One theory relates the pathogenesis to a type I immediate hypersensitivity
response involving eosinophils and IgE (44), and the other relates disease
to antigen—antibody complexes, triggering cytokine release (17,41). Which-
ever mechanism initiates the hypersensitivity response, the end result is
edema, which obstructs sinus drainage, thus allowing further proliferation
of fungi and increased inflammatory reaction. Although the condition may
begin in one sinus, frequently many or all sinuses are involved as the
disease progresses.

One of the cardinal features of allergic fungal sinusitis is the production
of allergic mucin, a substance that has been described as peanut butter—like
because of its tenacious character; this substance fills and obstructs the sinuses.
Microscopically, allergic mucin is composed of eosinophils, Charcot-Leyden
crystals, cellular debris, and hyphae (41). Neutrophils and macrophages are
absent.

Clinical Manifestations

Patients with acute invasive fungal sinusitis almost always have sinus or
facial pain that is out of proportion to the physical findings. In addition,
headache, purulent or bloody rhinorrhea, decreased smell and taste, and
visual changes are frequently noted. Fever is common and these patients
appear acutely ill. On physical examination, facial asymmetry, periorbital
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swelling, and dusky-colored or black lesions on the nasal mucosa or the
palate can be seen; tenderness over the sinuses, hypesthesia of the palate
or nasal mucosa, and absence of bleeding on light abrasion of the nasal
mucosa can be elicited. As the infection progresses, symptoms related to
ophthalmic and central nervous system invasion occur; these include stroke,
mental status changes, cranial nerve palsies, proptosis, ophthalmoplegia,
chemosis, and blindness.

Chronic invasive fungal sinusitis is usually manifested by facial pain
and swelling, but the acuity of the presentation is much less than that noted
with acute invasive sinusitis (3). Fever is usually absent and the patients do
not appear acutely ill. When the orbit is involved, ptosis, blurring of vision,
and diplopia occur. This can progress to the orbital apex syndrome with
proptosis, ophthalmoplegia, and visual loss. Additionally, there may be loss
of smell, nasal congestion, and discharge. Physical examination findings
include unilateral facial swelling, ptosis, proptosis, periorbital edema,
ophthalmoplegia, nasal discharge, and facial tenderness. The major differen-
tial is between tumor and infection.

Patients with mycetoma usually complain of purulent, often foul-
smelling nasal discharge, nasal congestion, and facial pain. The maxillary
sinuses are involved in almost all cases; mycetomas are reported uncom-
monly in the frontal sinuses (16,40). On examination of the nares, nasal
obstruction is sometimes noted and unilateral foul-smelling, purulent nasal
secretions are found.

Most patients with allergic fungal sinusitis have had symptoms of
chronic and recurrent nasal congestion and discharge of semi-solid nasal
crusts for years before the diagnosis is made. They are usually known to
have had recurrent nasal polyposis. Facial pain and fever are uncommon.
Initial consultation may have been sought with an ophthalmologist because
of the development of proptosis or diplopia (45). Children frequently pre-
sent in this manner because the mass of allergic mucin expands more easily
into the orbit in children whose bones are incompletely calcified (46). Exam-
ination of the nares reveals obstruction to the airway and polyps with or
without accompanying changes in the orbit.

DIAGNOSIS

The diagnosis of acute invasive fungal sinusitis in an immunocompromised
patient or diabetic is extremely urgent because death can occur in a matter
of days. Facial pain or other sinus symptoms in the appropriate host should
be considered to be due to invasive fungal infection until proved otherwise.
In the at-risk population, urgent consultation with an otolaryngologist is
essential. For the other forms of fungal sinusitis, consultation is also essen-
tial, but the disease progresses more slowly and the timeliness of diagnosis is
not as urgent. In patients with orbital apex syndrome or other orbital
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Table 2 Criteria for the Diagnosis of Sinus Mycetoma

Sinus opacification on CT scan

Mucopurulent, cheesy mass separate from mucosa present at surgery or endoscopy
Mass composed of hyphae on histopathologic examination; no allergic mucin found
Chronic low-grade inflammation seen in adjacent mucosa

No fungal invasion of mucosa or bone

Source: Adapted from Ref. 16.

complaints, ophthalmological consultation and biopsy of the orbital mass is
essential. Diagnostic criteria have been established in an attempt to standar-
dize the definitions of sinus mycetoma and allergic fungal sinusitis (Tables 2
and 3). However, in the case of allergic fungal sinusitis, there is still no
agreement on exact criteria, especially the requirement for evidence of
IgE-type immune reactivity to fungal antigens.

Imaging studies have proved to be very useful in differentiating invasive
from noninvasive fungal sinusitis and in defining the extent of disease prior to
surgery (24,28,42) (Figs. 1-3). A computed tomography (CT) scan dedicated
to imaging the sinuses and orbits is the imaging study of choice; a magnetic
resonance imaging (MRI) study with gadolinium is more appropriate to
assess the extension of infection into the cavernous sinus, meninges, and
brain.

The CT scan generally demonstrates thickening or opacification of one
or more sinuses and may show air—fluid levels in acute invasive infection.
However, a normal CT scan has been reported in as many as 12% of patients
with acute infection, reflecting the fulminant nature of the disease (28).
Patients with allergic fungal sinusitis usually have opacification of multiple
sinuses. Special attention should be directed to the bony walls of the sinuses,
looking for thinning or destruction. With acute invasion, bony changes
are rarely noted because of the rapidity of spread of the infection; with

Table 3 Criteria for the Diagnosis of Allergic Fungal Sinusitis®

No underlying immunosuppressive condition

Presence of atopy; evidence for IgE-type immune reactivity to fungal antigens
Nasal polyposis

Sinus opacification on CT scan

Allergic mucin found at surgery or endoscopy

Fungal hyphae found with allergic mucin on histopathologic examination

No fungal invasion of mucosa or bone

#The need for demonstration of a type I immune response to fungal antigens or even the previous
existence of atopy and nasal polyposis has been brought into question by some authors. The firm-
est evidence is the demonstration of allergic mucin in material removed from the sinuses.
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Figure 1 Acute invasive fungal sinusitis due to the zygomycete Rhizopus that
occurred in a young diabetic woman who had ketoacidosis and who developed the
acute onset of facial pain, ptosis, ophthalmoplegia, and loss of vision. Opacification
of the left ethmoid sinus with extension into the orbit can be seen on this MRI scan.

chronic invasive disease, bony changes are common (3). Mycetomas and,
sometimes, allergic fungal sinusitis can cause pressure necrosis of bone
due to the expanding mass of either hyphae or allergic mucin (1).

Endoscopic evaluation is helpful in all patients with fungal sinusitis. In
high-risk immunocompromised patients with facial pain, endoscopic evalua-
tion should be performed urgently, even when the CT scan does not show
clear-cut changes of acute sinusitis. Examination of the involved sinus in
patients with chronic symptoms can help differentiate among invasive
infection, mycetoma, and allergic disease. In the case of mycetoma, the mass
can be separated from the mucosa; the material is either “cheesy” or firm in
consistency. In patients with allergic fungal sinusitis, endoscopic examina-
tion documents the presence of darkly colored, thick, sticky allergic mucin
filling the involved sinuses and usually the presence of nasal polyposis.

If possible during the endoscopic procedure, biopsy material should be
obtained from both mucosa and bone for histopathologic examination and
culture. Histological evidence of tissue invasion is necessary to make a diag-
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Figure 2 Chronic invasive fungal sinusitis in an elderly woman who had no under-
lying illnesses and who developed the gradual onset of worsening facial pain,
followed by orbital apex syndrome. The CT scan shows invasion of tissues posterior
to the orbit and extension into the frontal lobe with abscess formation. Aspergilllus
fumigatus was the responsible pathogen.

nosis of invasive sinusitis. However, this is often difficult in neutropenic
patients who are also thrombocytopenic; in these cases, lavage can be per-
formed for cytological and culture studies. In severely immunocompromised
patients, growth of a mold from the sinus is adequate to make a diagnosis of
acute invasive fungal sinusitis (47). In mycetoma, well-circumscribed masses
of hyphae are present and the integrity of the mucosa is intact. Histopatho-
logical examination of material obtained from patients with allergic fungal
sinusitis shows hyphae within allergic mucin and no invasion of mucosa or
bone (Table 3).

Histopathological examination is very useful in differentiating infection
due to the zygomycetes, which show characteristic broad non-septate hyphae
from infection due to other filamentous fungi with acutely branching septate
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Figure 3 CT scan of a young man who had a long history of recurrent nasal
discharge and several previous surgical procedures on his sinuses. The CT scan
shows a mass occupying the left frontal sinus with impingement, but no invasion
of the left frontal lobe. Histopathological examination showed allergic mucin and
pigmented hyphae with no invasion into bone. Alternaria species grew in culture
of the material removed at surgery.

hyphae (Figs. 4 and 5). In the case of the zygomycetes, culture of material
from the sinuses often yields no organisms, but the histopathological picture
is distinctive enough to make a diagnosis. However, histopathology alone is
inadequate to differentiate among the septate fungi, especially Aspergillus,
Pseudallescheria (Scedosporium), and Fusarium. Defining the specific organ-
ism causing the infection is essential for choosing the appropriate antifungal
agent when treating acute or chronic invasive infection.

TREATMENT

The treatment of invasive infection combines aggressive surgical debride-
ment with antifungal agents. Specific risk factors, such as iron chelation
therapy or diabetic ketoacidosis, if present, should be eliminated as soon
as possible (25). Surgical debridement must remove all necrotic tissue, includ-
ing the orbit if necessary; the edges of the excision should extend to tissue that
bleeds normally. If aggressive surgical debridement cannot be accomplished,
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Figure 4 Broad non-septate hyphae typical of that of a zygomycete invading through
a blood vessel. This histologic appearance is sufficiently distinctive to make a diagnosis
even if the culture yields no growth.

especially in the imunocompromised patient, the outcome is dismal (2,4,6,10,
14,23,28). However, long-term treatment with antifungal agents sometimes
succeeds in curing chronic invasive sinusitis even when the entire fungal bur-
den cannot be surgically removed (5,38,39). The difference in outcome is
directly related to the relatively intact immune system of the host with chronic
invasive infection in contrast to those with acute invasive infection.

Empiric antifungal therapy should be initiated as soon there is a
reasonable likelihood that acute invasive fungal sinusitis is present (Table 4).
If it is likely that a zygomycete is the cause of the infection, a lipid formula-
tion of amphotericin B should be given (23,48,49). If the likely organism is
a species of Aspergillus, Fusarium, or Pseudallescheria, voriconazole is the
antifungal agent of choice. Voriconazole is fungicidal for many filamentous
fungi and has shown superiority over amphotericin B for invasive aspergil-
losis (50). Individual case reports document effectiveness for some patients
with infections due to Fusarium or Pseudallescheria, organisms which are
generally not susceptible to amphotericin B (51-53). In contrast, the zygo-
mycetes are not susceptible to voriconazole. Frequently, in the high-risk
immunocompromised patient, both lipid formulation amphotericin B and
voriconazole are given until the culture results are known.

A variety of adjunctive measures have been tried in addition to surgical
debridement and antifungal therapy in an attempt to cure acute invasive
sinusitis. These include hematopoietic growth factors, such as GM-CSF
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Figure 5 Thinner, septate hyphae characteristic of hyaline molds such as Asper-
gillus, Pseudallescheria (Scedosporium), and others. The histopathological picture is

not specific for any particular organism, and the diagnosis must be established by
growth of the organism in culture.

and G-CSF, and hyperbaric oxygen (23,54-56). Most importantly, if host
defenses do not return even modestly, as in a profoundly neutropenic patient,
none of the measures used will likely be beneficial.

Chronic invasive fungal sinusitis has a high recurrence rate, and very
frequently, all infected tissue cannot be removed by surgery without
great risk to the patient. For this reason, the management of this disease
involves long-term suppressive azole therapy. Itraconazole was previously
used for this indication (39), but has been mostly supplanted by voricona-
zole, which has better anti-Aspergillus activity, better absorption of the oral
formulation, and superior central nervous system and ocular penetration
than itraconazole (57). In cases of chronic fungal sinusitis due to dematiac-
eous molds, voriconazole is a reasonable choice, but there have been few
patients treated and there is more clinical experience with itraconazole at
this time (58).

The treatment of mycetoma differs greatly from that of invasive fungal
sinusitis. The most important measure to be undertaken is removal of the
obstructing inflammatory mass and drainage of the sinus. Performing these
procedures through endoscopic surgery has gained in popularity in recent
years (40). Radical drainage procedures, previously performed when it was
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thought that there was a high risk of fungal invasion, are now rarely used.
Antifungal agents appear to have no role in the treatment of mycetoma (16).

Allergic fungal sinusitis is also treated with surgery rather than
antifungal agents. The major goal of surgery is removal of allergic mucin
filling the sinus. Generally, a permanent drainage route is also accomplished
at the time of surgery (41). Surgery is increasingly performed using endo-
scopic procedures. Follow-up endoscopic evaluation is very important; it
is thought that early removal of recurrent polyps and nasal crusts may help
prevent recurrence of the disease.

Follow-up long-term medical management to try to prevent recurrent
disease is very important. However, there is much controversy with regard
to what constitutes appropriate medical management (59-63). Systemic
corticosteroids are of benefit in the postoperative period, but long-term
use, not surprisingly, is associated with more risks than benefits. However,
all patients should receive long-term intranasal corticosteroids. There are
no data showing a benefit in using systemic antifungal agents for this disease.
Intranasal instillation of antifungal agents, such as amphotericin B and
itraconazole, has been advocated, but there are no studies showing a benefit
of this practice. Preparation of solutions of antifungal agents is not standar-
dized; frequently, these solutions are prepared in individual hospital pharma-
cies. It seems unlikely that antifungal activity is maintained in formulations
that are dispensed for the patient to use for sinus irrigation at home. The
role of immunotherapy with specific fungal antigens remains controversial,
but data have been presented which show that immunotherapy can both
decrease reliance on intranasal corticosteroids and decrease the rate of
recurrence (63).

CONCLUSIONS

A broad spectrum of pathological changes and clinical manifestations
constitute fungal sinusitis. Invasive disease is associated with high morbidity
and mortality. The immune status of the host is the most important factor
in the development of invasive infection. Highly immunosuppressed indivi-
duals and diabetics in ketoacidosis are likely to have acute, rapidly pro-
gressive, invasive sinusitis, especially with Aspergillus species and the
zygomycetes. Immediate aggressive surgical debridement and antifungal
therapy are essential for cure. Immunocompetent hosts can develop several
chronic forms of fungal sinusitis. Chronic invasive fungal sinusitis requires
aggressive surgical debridement and antifungal therapy that may have to be
extended to become long-term suppressive therapy. Mycetoma, a localized
non-invasive mass of fungal hyphae, can be removed surgically to effect a
cure. Finally, allergic fungal sinusitis appears to be a hypersensitivity reaction
to fungal antigens rather than actual infection and is treated with surgical
debridement and anti-inflammatory agents rather than antifungal agents.
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Sinusitis in Immunocompromised,
Diabetic, and Human Immunodeficiency
Virus-Infected Patients”

Todd D. Gleeson and Catherine F. Decker

Division of Infectious Diseases, Department of Internal Medicine,
National Naval Medical Center, Bethesda, Maryland, U.S.A.

INTRODUCTION

Over the past several decades, medical advancements in transplantation and in
the treatment of immunocompromised patients have led to increased survival in
several patient populations including oncology and transplant patients, type 1
diabetics, and human immunodeficiency virus (HIV)-infected patients. Not
surprisingly, these patients are at increased risk for infectious complications. As
the at-risk population continues to grow, sinusitis has become an increasingly
recognized problem in these immunocompromised groups and presents unique
challenges to the clinician in both diagnosis and management. Although each
group differs in its acquired risk and the various impairments in the immune
function, the importance of early recognition, diagnosis, and aggressive
combined modality treatment is common to all immunocompromised patients.

The degree of impairment of the immune system is the most important
host factor in determining the clinical presentation and course of sinusitis.

“The opinions and assertions contained herein are those of the authors and are not to be
construed as official or as reflecting the views of the Department of Defense, the Department
of the Navy, or the naval services at large.
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The spectrum of sinonasal disease varies from a slow, indolent course in the
presence of mild immunocompromise to an acute fulminant course if the
immunocompromised state is severe. For example, one investigator reports
that recurrent or refractory sinusitis in the outpatient setting may in fact be
due to relative immune dysfunction characterized by an unexpectedly high
incidence of low immunoglobulin levels and common variable immuno-
deficiency (1). Conversely, neutropenic patients with invasive fungal rhino-
sinusitis have a devastating outcome with 100% mortality in the absence of
bone marrow recovery (2).

Historically, acute sinusitis has referred to community-acquired bacterial
sinusitis. In immunocompromised groups, acute versus chronic sinusitis
isnotasclearlydefined. Thechronicity of sinusitisin these immunocompromised
groups correlates with immune status and the underlying immunodeficiency.
Generally, chronic sinusitis refers to disease extending beyond four weeks in
duration. Acute fulminant disease can occur over days in patients with signifi-
cant immune system impairment. Severely immunocompromised individuals
receiving therapy for sinusitis may appear to have a chronic disease character-
ized by a course that extends to several weeks. However, if treatment is
withdrawn prematurely, the sinonasal infection may rapidly worsen, often
resulting in a fatal outcome (3,4).

Although sinusitis in the immunocompromised patient may be caused
by common pathogens, such as Haemophilus influenzae and Streptococcus
pneumoniae, it more often results from infection with more unusual organ-
isms. This chapter reviews the clinical presentation, diagnosis, and treatment
of sinusitis in three groups of immunocompromised hosts: neutropenic
patients, diabetic patients, and HIV-infected patients.

SINUSITIS IN NEUTROPENIC PATIENTS

As a result of increasing rates of transplantation and the use of immuno-
suppressive agents over the past several years, the population at-risk for
invasive fungal rhinosinusitis is growing. This disease continues to be a
potentially lethal and dreaded infectious complication of chemotherapy or
bone marrow transplant-induced neutropenia. It occurs in 2 to 4% of
patients undergoing bone marrow transplantation (5,6) and despite therapy,
the majority of cases result in death (7). Recovery of the immune system is
still the major prognostic factor in patients with this infection.

Predisposing Factors

Several risk factors for sinusitis have been identified in neutropenic patients.
Although susceptibility to fungal infections is characteristic of patients
with defects in CD4 mediated function, quantitative or qualitative defects
in neutrophil function also predispose hosts to the development of fungal

The Foundry, LLC Exhibit 2007, Page 461 of 491
Neurent Medical Inc. & Neurent Medical Ltd. v. The Foundry, LLC
IPR2024-00279



Sinusitis in Inmunocompromised, Diabetic, and HIV-Infected Patients 439

infections. Absolute neutrophil counts (ANC) below 500 cells/mL are strongly
correlated with the development of invasive fungal disease (8). In bone marrow
transplant (BMT) patients, the critical time period for the development of
fungal rhinosinusitis is approximately three weeks after transplantation (2).
Secondary risk factors include two weeks or more of any of the following:
systemic steroid use (seen in up to 50% of patients with a mean dose of
2.22 mg/kg/day prednisone equivalent) (9,10), ANC <500 cells/mm? (11),
and exposure to multiple broad-spectrum antibiotics (9,10,12,13). In addi-
tion, it has been reported that nasal mucosa ciliary dysfunction in BMT
patients predisposes to sinusitis (14).

Etiology

Immunocompetent patients are more often infected by gram-positive bacteria,
and the most common organisms causing sinusitis in neutropenic patients are
gram-negative bacteria, followed by gram-positive bacteria and fungi (15).
Bacteria including Pseudomonas aeruginosa, Enterobacter species, Escherichia
coli, Serratia marcescens, Haemophilus influenzae, Staphylococcus, and Strepto-
coccus species have all been isolated from sinus cultures in neutropenic
patients. Aspergillus species are often the causative organisms of invasive
fungal rhinosinusitis in the neutropenic host, although Mucor, Rhizopus, and
Alternaria species, and other invasive molds have also been implicated (11,16).

Clinical Presentation

The most common presentation of fungal rhinosinusitis, seen in up to 90%
of infected neutropenic patients, is fever unresponsive to 48 hours of appro-
priate broad-spectrum intravenous antibiotics (2). Most patients have fever
and at least one additional finding (17), including sinus tenderness, facial
edema, or rhinorrhea. Headache, facial pain, cranial nerve palsies, and visual
loss are also seen (11,12,17).

Diagnosis

A thorough rigid nasal endoscopic examination should be performed in any
immunocompromised patient with localizing symptoms of sinusitis. Some
centers advocate nasal endoscopy for all febrile neutropenic patients who
do not respond to 48 hours of appropriate broad-spectrum intravenous
antibiotics (12). Endoscopic examination may reveal changes in the nasal
mucosa, including discoloration, granulation, or ulceration (10,16,18).
White discoloration indicates tissue ischemia secondary to fungal invasion
of blood vessels, whereas clinical progression to black discoloration and
ulceration is a later finding of tissue necrosis (10). Decreased sensation
and decreased mucosal bleeding are also ominous signs (12). These findings
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on nasal endoscopy may precede rapid facial swelling, nasal symptoms, and
systemic dissemination.

The middle turbinate, which acts as the major filter in the nasal airway, is
most commonly involved in invasive fungal rhinosinusitis (10,19). Local
mucosal disruption, drying secondary to oxygen passing through the nasal
cannula, allergy, or changes in the normal flora that can occur with bacterial
sinusitis may promote fungi to become invasive (10). In most cases, invasive
rhinosinusitis originates in the nasal cavity before extension into the parana-
sal sinuses. Identifying disease early, when it is still confined to the nasal cavity
or middle turbinate, seems to have a positive impact on survival (10).
Performing middle turbinate biopsies in all patients at-risk for invasive fungal
rhinosinusitis, who have fever unresponsive to 48 hours of broad-spectrum
antibiotics or symptoms of rhinosinusitis, or both, may be an effective diag-
nostic technique to help achieve the goal of early detection (19).

Computed tomography (CT) is the preferred imaging modality in
establishing the diagnosis of fungal rhinosinusitis and is more reliable than
plain radiography (16,20,21). A fine cut CT scan of the paranasal sinuses not
only reveals the presence of sinusitis, but also defines bony architecture as
well as intracranial spread or orbital involvement. Although intravenous
contrast helps delineate periorbital or dural inflammation, it is not manda-
tory for most initial evaluations (12). A CT scan showing focal bony erosion
should alert the clinician to invasive fungal disease, although a definitive
diagnosis rests on histological confirmation. In one series, 12% of patients
with invasive fungal rhinosinusitis had a normal CT scan; (12) therefore,
imaging cannot replace careful endoscopic nasal evaluation and biopsy.

Magnetic resonance imaging (MRI) may be even more sensitive than
CT, and is superior to CT in delineating intracranial extension of disease
(8,12). Some postulate that the presence of ferromagnetic elements within
fungal concretions may produce a characteristic signal intensity on MRI (20).

Invasive fungal rhinosinusitis is a histopathological diagnosis and is
characterized by the mucosal infiltration of mycotic organisms from sinus
air spaces to adjacent orbital and intracranial structures. This infiltration
results in tissue necrosis, and invasion of blood vessels produces thrombosis
and infarction. Fulminant invasive disease occurs primarily in neutropenic
patients and BMT recipients, whereas indolent invasive fungal sinusitis is
a more slowly destructive disease seen in immunocompetent hosts, diabetics,
or patients with AIDS. Biopsy and culture provide proper speciation which
can direct therapy, as in the case of infection by Pseudallescheria boydii,
which is resistant to amphotericin B (12).

Treatment

After endoscopic evaluation and antrostomy, if a bacterial etiology of
sinusitis is discovered, gram stain and culture with identification of antibiotic
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sensitivities of the organism are of major importance for successful treatment
of sinusitis in the neutropenic patient (15). Antibiotics that cover both gram-
negative and gram-positive organisms should be given empirically,
with further modifications directed by culture and sensitivity results of the
aspirate (Table 1).

When a diagnosis of invasive fungal rhinosinusitis is made, immediate
treatment must be instituted. A successful outcome is contingent on both the
recovery of immune function and early medical and surgical intervention
(22). Aggressive surgical debridement to clear margins removes devitalized
tissues that further support fungal growth, enhances the ability of antifungal
drugs to reach infected areas, and provides more time for bone marrow to
recover (12,23). Administration of high-dose systemic amphotericin B at a
dose of >1.5mg/kg/d, for a total dose of two grams or more, gives the best
chance of survival (10,16,18,20-22). The use of liposomal amphotericin B
should be reserved for patients with renal disease. Despite an aggressive-
combined modality approach, mortality is still 100% in both intracranial
extension of disease and in patients in whom immune function does not
recover (12,22) (Fig. 1).

New antifungal drugs may prove superior to amphotericin B in the
treatment of invasive aspergillosis, including sinonasal disease. One study
reports voriconazole to be superior to amphotericin B in both response rate
and survival in the treatment of invasive aspergillosis. Voriconazole also
caused fewer drug-related adverse events than amphotericin B (24). Some
centers advocate using voriconazole as first-line treatment for invasive
Aspergillus infections (25).

The administration of growth factors also plays a role in the treatment
of neutropenic patients with fungal rhinosinusitis. Patients who respond to
granulocyte colony—stimulating factor (GC-SF) are more likely to have a
favorable outcome. One study demonstrated that responders to GC-SF
were more likely to have contained disease than nonresponders. However,
it is unclear if this outcome reflects response to GC-SF or better underlying
bone marrow status in survivors (10). Granulocyte transfusions have also
been used in invasive fungal rhinosinusitis to enhance immune status and
bridge the interval until hematopoietic regeneration occurs (23,26).

Close follow-up with repeated visualization with rigid nasal endoscopy
is essential. Patients should have repeat endoscopy in 48 to 72 hours if
there is any suspicion for residual disease following the original debridement
(12). Neutropenic patients should continue to receive weekly rigid nasal
endoscopy until resolution of neutropenia and then monthly for six months
thereafter (12). Patients who have had fungal rhinosinusitis are especially
susceptible to relapse or reinfection during future episodes of neutropenia
(10,27). Patients undergoing chemotherapy or bone marrow transplantation
who have had episodes of sinonasal or pulmonary aspergillosis have at least
a 50% risk of developing a recurrence during re-induction chemotherapy
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Immunocompromised State

Neutropenia (BMT or chemotherapy-induced)
Insulin-dependent diabetes mellitus

AIDS
Symptoms
Identify Associated Risk Factors (1) Fever for 48 hrs despite If history of invasive mycotic
broad-spectrum infection, administer empiric
Broad spectrum antibiotics antibiotics amphotericin B with future
Prolonged antibiotic use (>2 wks) chemotherapy or BMT
Prolonged neutropenia (>2 wks) and/or
Steroid use (>2 mg/kg/d prednisone) . .
WBC < 500 cells/mm? 2) N§31 congestion, facial
CD4 count < 50 cells/mm?* pain or edema
Diabetic ketoacidosis l
Evaluation
(1) Rigid nasal endoscopy with biopsy of suspicious
lesions OR biopsy of middle turbinate if nasal mucosa
appears normal
(2) Antrostomy and lavage for stains and aerobic,
anaerobic and fungal cultures. (Include techniques for
acid-fast bacilli, atypical viruses and parasites in AIDS pts)
(3) Sinus CT or MRI with gadolinium (if intracranial
extension suspected)
Evidence of gross disease and/or No invasive fungal
histopathology positive for elements seen on frozen
invasive fungal elements section biopsy
Treatment
. ;s ‘Weekly rigid nasal
{1) High dose amphotericin B to -
total dose of 2g endoscorp)f until
neutropenia resolves

{2) Emergent surgical debridement
(3) Correction of DKA
{4) Normalization of glucose
Figure 1 Algorithm for the diagnosis and management of rhinosinusitis in the immu-

nocompromised patient. BMT indicates bone marrow transplant; AIDS, acquired
immunodeficiency syndrome; WBC, white blood cell; DKA, diabetic ketoacidosis

or transplantation (28). Hence, antifungal therapy should be empirically
initiated with further courses of chemotherapy or bone marrow transplan-
tation in these patients (Fig. 1).

Prevention

Few studies have evaluated primary and secondary prophylaxis of invasive
fungal sinusitis with antifungal drugs. One trial of amphotericin nasal spray
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in a BMT unit reported an incidence of 1.8% of invasive fungal disease,
compared to 13.8% in historical controls (29,30). A benefit in using intrave-
nous amphotericin to prevent aspergillosis in BMT patients has not been
clearly demonstrated in a sufficient number of controlled trials (30). In
patients who have experienced a previous episode of invasive aspergillosis,
however, prophylactic intravenous amphotericin during re-induction che-
motherapy or bone marrow transplantation decreases the rate of recurrent
aspergillosis (30).

SINUSITIS IN DIABETIC PATIENTS

Patients with diabetes mellitus are at an increased risk of developing a variety
of infections, including sinusitis. Although the underlying condition of
diabetes mellitus cannot be reversed, effective glycemic control improves
multiple factors important in the host response to sinusitis.

Predisposing Factors

The proclivity for diabetic patients to develop infections is not unexpected
given that hyperglycemia produces qualitative immune dysfunction through
impairment of neutrophils. Normalization of glucose and correction of dia-
betic ketoacidosis are essential in treating and preventing infections in these
patients (31,32). Whereas it may be difficult to prove a causal relationship
between hyperglycemia and infection, in vitro and clinical evidence support
such a relationship. The degree of hyperglycemia has been shown to affect
phagocytic function (33), granulocyte adherence (34), chemotaxis (35), and
bactericidal function in vitro (36), all of which improve with aggressive glyce-
mic control (37). Hyperglycemia may also impair complement fixation
and thereby decrease opsonization. Diabetic microangiopathy may also
predispose the diabetic patient to infection (38), however, it has not been
specifically reported as a risk factor for sinusitis.

Etiology

Although fungal rhinosinusitis has been well studied in diabetics, diabetic
patients are also susceptible to acute bacterial sinusitis that may be recalci-
trant if pansinusitis is present. The predominant organisms recovered in
bacterial sinusitis in diabetic patients are streptococci and staphylococcal
organisms, followed by gram-negative bacteria (38). The increased fre-
quency of sinusitis caused by Staphylococcus aureus in this population is
not unexpected given the increased S. aureus carrier state in diabetic patients
requiring insulin (39).

Aspergillus and Zygomycetes species are the most common causes of
fungal sinusitis in this patient group, whereas Candida species are rarely
reported (40). The diabetic patient is particularly susceptible to Rhizopus
infection for many reasons unique to the organism. Rhizopus organisms thrive
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in high glucose, acidic conditions due to an active ketone reductase system,
making a patient with diabetic ketoacidosis a prime host. In fact, normal
serum inhibits rhizopus growth, whereas serum from patients in diabetic
ketoacidosis stimulates growth (41). In addition, due to impaired transferrin
binding, diabetic patients also have increased free serum iron that may also
promote rhizopus growth (41). The same pathophysiologic mechanism is
responsible for the increased susceptibility to Mucor found in hemodialysis
patients and iron-overloaded patients treated with deferoxamine (42).

Clinical Presentation

The clinical presentation of bacterial sinusitis in the diabetic is not unlike
that of the general population, including symptoms of sinus pain, nasal
congestion, and purulent discharge. However, invasive fungal rhinosinusitis
in the diabetic patient may have as subtle a presentation as in the neutrope-
nic patient, and should be considered in any diabetic who does not respond
to antibiotics for bacterial sinusitis. The most common symptoms and signs
include fever, followed by nasal ulceration and necrosis, and periorbital or
facial swelling. Visual disturbances include decreased vision, cranial nerve
palsy, diplopia, and periorbital pain. While patients may only complain of
facial numbness or epistaxis, palatal or gingival necrosis may be present (43).

Diagnosis

If fungal rhinosinusitis is suspected, early and rapid diagnosis should be
pursued, as in neutropenic hosts, with radiographic and endoscopic exami-
nations. CT is the preferred radiographic modality as it provides more detail
than plain films, including landmarks for possible surgical resection. Early
radiographs may be normal, whereas bony erosion is seen late in the progres-
sion of disease (41). Evidence on CT of infiltration of the periantral fat planes
may be the earliest sign of invasive fungal disease (44). Endoscopy should be
performed with antral aspiration for aerobic, anaerobic, and fungal cultures.

A definitive diagnosis of invasive fungal rhinosinusitis in the diabetic
patient requires histopathological identification of fungal organisms. Mucor-
mycosis may be presumptively diagnosed by identification of ribbon-like
hyphae with few or absent hyphal septations and hyphal branching at right
angles (41). The etiologic agents of mucormycosis may be seen easily with hema-
toxylin and eosin tissue stains, and demonstrate invasion of blood vessels (41).

Treatment

For bacterial sinusitis, oral antibiotics directed against the most commonly
isolated organisms are appropriate for initial treatment in a diabetic patient
without fever, systemic symptoms, or pansinusitis (Table 1). In diabetic
patients with pansinusitis, empiric intravenous antibiotics should be used
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with coverage for both streptococci and S. aureus, such as a first- or second-
generation Cephalosporin (38). Treatment should be modified according to
the gram stain and culture after antral aspiration. Dental apicitis may also
be an important nidus of infection of the paranasal sinuses and requires
concurrent treatment for effective cure of sinusitis in the diabetic patient (38).

In invasive fungal sinusitis in the diabetic patient, early recognition
and diagnosis are paramount. As the extent of disease is dependent on the
host response, reversal of diabetic ketoacidosis and glycemic control are
essential medical interventions (45). Immediate surgical consultation with
surgical debridement to clear margins and systemic administration of
amphotericin B optimize chances of recovery.

Prevention

The best preventive strategy for sinusitis in the diabetic population is to
achieve excellent glycemic control in the outpatient setting in order to pre-
vent microcirculation damage and immune system impairment. In the inpa-
tient setting, rapid reversal of diabetic ketoacidosis and normalization of
glucose help limit extent of disease and improves survival.

SINUSITIS IN HIV-INFECTED PATIENTS

Sinusitis is common throughout all stages of HIV infection (46). Historically,
retrospective studies report the incidence of sinusitis in HIV-infected patients
in the range of 10% to 20%. However, more recent prospective studies have
shown the incidence to be twice as high (60-70%) as in the general population
(38.5%) (46-51). Declining immune function marked by decreasing CD4-cell
counts is associated with an increased incidence of sinus disease (52).

Predisposing Factors

A number of factors may predispose the HIV-infected patient to sinonasal
disease. As in BMT patients, mucociliary clearance abnormalities have been
demonstrated in patients infected with HIV (53), particularly with CD4
counts less than 300 cells/ mm?>. IgE-mediated allergic disease is more preva-
lent in HIV-infected patients than in noninfected individuals and can cause
mucosal edema and blockage of sinus ostia, resulting in a secondary bacter-
ial infection. Nasopharyngeal lymphoid hypertrophy occurs in 56 to 88% of
patients in early HIV infection and decreases in size with immune system
impairment (54,55). This local lymphoid hypertrophy may mechanically
alter sinus drainage, predisposing to sinusitis. Finally, qualitative and quan-
titative humoral immunity defects likely predispose HIV-infected patients to
sinusitis (56,57).
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Etiology

In general, the infecting organisms that cause sinusitis in the HIV-infected
patient vary with the degree of immunosuppression. Of the bacterial
causes of sinusitis, there is a higher prevalence of P. aeruginosa and staphy-
lococcal organisms, which may be due to impaired cellular immunity in HIV
infection (58). Specifically, in two large studies, Pseudomonas was isolated
in 17% of maxillary antral punctures (48,59). Other bacteria recovered
include streptococcal organisms, H. influenzae, Klebsiella pneumoniae,
E. coli, Listeria monocytogenes, Peptostreptococcus and other anaerobes,
and Propionibacterium acnes (46,48,59,60).

While bacterial sinusitis can occur at any stage of HIV infection, sinusitis
caused by opportunistic pathogens such as protozoa, fungi, and atypical viruses
usually occurs with a CD4 count less than 200 cells/ mm®. A retrospective series
of 12 AIDS patients with CD4 counts less than 100 cells/mm?, who underwent
sinus surgery, reported 42% of the patients had unusual or opportunistic infec-
tions (60). The risk of fungal sinusitis generally occurs when the CD4 count
drops below 150 cells/ mm? (61). Aspergillus is the most common cause of fun-
gal sinusitis in AIDS patients (62,63). Other fungal organisms reported include
Cryptococcus and Rhizopus species. However, given that neutrophil function
remains relatively intact in AIDS patients, mucormycosis is not frequently seen
(41). Other reported opportunistic pathogens include microsporidia, cryptos-
poridia, cytomegalovirus (CMV), Acanthamoeba, Nocardia, and Mycobacter-
ium kansasii (46,59,60,64—-69). In a prospective series, 20 of 54 HIV-infected
patients with evidence of sinusitis on MRI underwent maxillary sinus aspira-
tion. A probable etiologic agent was found in two-thirds of patients. One-third
of the infectious organisms were atypical, including CMV and mycobacteriae,
and one patient had Non-Hodgkin’s lymphoma (46).

Clinical Presentation

While sinusitis in HIV-infected patients is frequently asymptomatic, it
can be recurrent and refractory to usual medical management (47,48,70).
Symptoms of sinusitis are often nonspecific and may be attributed to other
causes. Usually, patients experience fever, headache, nasal congestion, and
postnasal drainage. In one retrospective series of HIV-infected patients with
sinusitis, the triad of fever, headache, and nasal congestion was present
in 68% of patients (48). Other symptoms and signs include facial pain or
tenderness, cough, purulent discharge, and cutaneous edema.

Diagnosis

Asymptomatic patients may have incidental radiographic evidence of sinu-
sitis noted on radiographic imaging done for other purposes. Radiographic
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findings of sinusitis do not correlate with symptoms and may be just
as severe and extensive in asymptomatic patients as in those with symptoms
(48). One report notes that up to one-third of patients with radiographic
evidence of sinusitis had no symptoms (47). Computed tomography (CT)
and MRI are the most sensitive imaging modalities for sinusitis in the
HIV-infected patient. Radiographically, the majority of cases involve the
maxillary and ethmoid sinuses, followed by sphenoid disease, which often
is not detected by plain radiographs. The extent of radiographic disease
seems to correlate with the degree of immunosuppression. Tarp et al. (46)
prospectively reported the findings of MRIs performed on 54 febrile hospi-
talized HIV-infected patients. Radiographic sinusitis was noted in 54%, with
more extensive changes seen in patients with AIDS (22/32 cases compared
with 16/38 in HIV-infected without AIDS). HIV-infected patients also tend
to have greater opacification of sinuses, as well as multiple sinuses involved.
Unilateral, localized disease is unusual (48).

Recognizing that HIV-infected patients have a high rate of infection
by unusual organisms, it is imperative to perform aerobic, anaerobic,
fungal, viral, and mycobacterial laboratory evaluations and cultures when
a sinus aspiration is performed (71). Early culture avoids delay in
microbe-specific therapy and should be performed if a patient is not improv-
ing with empiric antibiotic therapy for usual bacterial pathogens. Surgical
specimens should be evaluated histopathologically for giant cells and viral
inclusion bodies of invasive CMV infection, and also should prompt
immunohistochemical staining for CMV early antigen (65). In patients
with AIDS and refractory cases of sinusitis, electron microscopy should
be performed on sinonasal tissue to rule out protozoa such as micro-
sporidia (69). Acanthamoeba and Cryptosporidium can also be diagnosed
histologically (67).

Treatment

Initial antibiotic therapy should be directed against the most common
bacterial pathogens and should be modified according to gram stain and
culture or identification of opportunistic pathogens (49,59,60,72). Oral
amoxicillin/clavulanic acid may be used in the outpatient setting, with
escalation of therapy to broad-spectrum intravenous antibiotics if the
symptoms do not improve or worsen (72). The status of the immune system
of the HIV-infected patient should also be taken into consideration when
choosing initial therapy, particularly if the patient has a CD4 count less than
100 cells/mm? (72). If the patient shows signs of systemic toxicity, intrave-
nous antibiotics should be the initial treatment, including coverage for
P. aeruginosa (49,59,72). The combination of two antimicrobial agents with
activity against P. aeruginosa has been shown to improve mortality in AIDS
patients with pseudomonas infection compared to monotherapy (72-74).
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A high index of suspicion should be maintained for opportunistic pathogens
as etiologies of sinusitis in AIDS patients, including fungi, protozoa, myco-
bacteria, and viruses, all of which require specific antimicrobial therapy
(Table 1).

Decongestants and mucolytic agents are also effective, as is topical
steroid, which may be used if there is no evidence of opportunistic infection
and if the CD4 count is greater than 50 cells/ mm?® (4). Endoscopic sinus sur-
gery also plays an important role in management, and if necessary can be
safely done in all HIV-infected patients regardless of CD4-cell count. HIV-
infected patients tolerate the procedure well and recover rapidly (4). Initia-
tion of highly active antiretroviral therapy (HAART) and reconstitution of
the immune system and CD4-cell counts is an important adjunct to the sur-
gical and medical management of sinusitis in HIV-infected patients.

Prevention

Although sinusitis is not associated with decreased survival (75), prevention
appears to improve morbidity. Prophylaxis against Mycobacterium avium
and Pneumocystis carinii has the added benefit of prevention of bacterial
sinusitis. In a large prophylaxis trial, trimethoprim/sulfamethoxazole
(TMP/SMX) significantly reduced the risk of bacterial sinusitis (76). TMP-
SMX had the added benefit of reducing the risk of any bacterial infection
compared to dapsone or aerosolized pentamidine (AP). In a prospective
observational study, HIV-infected patients receiving TMP-SMX for
Pneumocystis carinii prophylaxis (PCP) and clarithromycin for prevention
of MAC had a 46% and 44% reduction in the overall risk of infection, respec-
tively. Patients who received both antibiotics decreased the overall risk of
infection even further, though this was not statistically significant (58).

CONCLUSION

While sinusitis is a commonly encountered problem, it can be a very severe
infection in the immunodeficient patient. One of the most immunocompro-
mising conditions is that of chemotherapy or bone marrow transplanta-
tion—induced neutropenia, which can predispose patients to life-threatening
invasive fungal rhinosinusitis. Diabetic patients are also an at-risk population
for this infection. Modification of risk factors, such as normalization of
glucose and reversal of neutropenia, are critical for recovery. Aggressive
surveillance, early diagnosis, surgical debridement, and antifungal agents
are the mainstay of treatment. HIV-infected patients are also predisposed
to sinusitis. The spectrum of their disease may range from asymptomatic to
recalcitrant to treatment. With a greater degree of immunosuppression,
sinusitis is more severe and opportunistic pathogens are frequently recovered.
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aspergillosis.
ABRS. See Acute bacterial
rhinosinusitis.
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acquired bacterial rhinosinusitis.
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Acute bacterial rhinosinusitis, 21, 33,
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management of, 205-207, 210-211, 213
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Improvement, 205-206
Acute community acquired bacterial
rhinosinusitis, 22
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Acute invasive sinusitis, 421, 422,
424, 429

Acute maxillary sinusitis, 19
Acute rhinosinusitis, 2, 20-24, 41-45,
71-72, 113, 136, 220, 237
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194-198, 407-411
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antibacterial agents, 195
appearance of, 73
bacteria in, 157
current recommendations, 211-216
epidemiology of, 2, 10
medical management of, 203-216
treatment of, 194-196
Acute sphenoid sinusitis, 139
Acute suppurative sinusitis, 17
Acute viral rhinosinusitis, 33
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AFS. See Allergic fungal sinusitis.
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Research, 205
Agger nasi cell, 60-63, 85, 87, 96, 239,
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Airway disease
cellular mediators, 293
chemical mediators, 292
cytokine mediators, 292-293
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Allergic bronchopulmonary
aspergillosis, 29
Allergic fungal rhinosinusitis, 126
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Anti-IgE therapy, 391, 392
Anti-infective therapy, 211
Anti-inflammatory agents, 222-223,
364, 366, 398
Anti-leukotrienes, 224
Antibiotic irrigations, 227
Antibiotic irrigations, for chronic
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Antibiotic therapy, 391, 448
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Antimicrobial therapy, 180, 183,
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Antral lavage, 294, 346
Antral ostiae, 321
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APC. See Antigen presenting cell.
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ARS. See Acute rhinosinusitis.
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intolerance, 375, 376, 394, 397
sensitivity, 229, 237
Aspirin desensitization, and chronic
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Asthma, 3-5, 8, 10, 291-300
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impact of medical sinus therapy,
294
impact of sinus surgery, 294-295
rhinosinusitis and, 10
sinusitis and, 291-300
Atopy, 305, 306, 420, 422, 425
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Azole therapy, 430
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acute sinusitis, 157
chronic sinusitis, 157-163
nasal polyposis, 163-165
Bacterial sinusitis, 8, 10, 203, 293, 299,
320, 336, 412
clinical presentation, 445
Bacterial superantigens, and sinus
disease, 154-155
Bacteriocins, 152
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Beta-lactamase, 146, 148, 152, 157,
161, 221
Beta-lactamase inhibitor (clavulanate),
181, 183, 187, 197, 221, 222
Beta-lactamase producing bacteria, 179,
198
Betadine, 227
Betamethasone, 226
Bilateral maxillary sinusitis, 137
Biopsy, 440
Bipolaris hawiiensis, 29
Blood-brain barrier, 227, 312
BLPB. See Beta-lactamase-producing
bacteria.
BMT. See Bone marrow transplant.
Bone marrow recovery, 438
Bone marrow transplant, 439
Bone wax, 264
Brain abscess, as complication of
sinusitis, 283-285
Broad-spectrum antibiotic, 141, 225,
421, 439-440
Bronchial asthma, 376, 379, 380, 390,
392, 393, 394
Bronchial hyperresponsiveness,
293-294, 299-300
Bronchitis, 3-5
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Bronchoconstriction, 292-293, 296
Bronchodilator therapy, 237, 294
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Caldwell-Luc procedure, 251-254,
264, 414
Calgary biofilm device, 345
Calvarial diploic veins, 280
Canine fossa, 50, 135-136, 249, 341
Canine-premolar recess, 414
Carbapenem, 228
CAS. See Computer aided surgery.
Catecholamine, 328
Cefaclor, 183, 190
Cefixime, 210, 213, 222
Cefpodoxime, 208, 210, 213
Cephalexin, 244
Cephalocele, 70, 72
Cephalosporin, 184-186, 190, 193,
195-198, 221, 222
Cerebrospinal fluid (CSF) leaks, 238,
246, 263
Cerebrospinal rhinorrhea, 237, 265
CF mutation analysis, 363
CF sinusitis, 361-363
CF-related bronchiectasis, 361
CF. See Cystic fibrosis.
CFTR. See Cystic fibrosis-
transmembrane regulator.
Choana, 77
Chronic asthma, 299
Chronic eosinophilic sinusitis, 292
Chronic frontal rhinosinusitis, 260
Chronic frontal sinusitis, 259, 262, 263
Chronic invasive FRS, 82-83
Chronic invasive fungal sinusitis, 422,
424, 427, 430, 432
Chronic obstructive pulmonary
disease, 126
Chronic rhinosinusitis, 2, 9, 21, 24, 25,
27, 33, 40, 41, 45, 59, 73-82, 109,
116, 219, 236-239, 242, 244, 249,
256, 265, 305, 371, 372, 375
Chronic rhinosinusitis, cycle of, 112,
371-398
anti-inflammatory agents, 222-223
antimicrobial therapy for, 220-222
definition of, 220
environmental factors, 123
etiology of, 117-128, 373-374
fungal infections, 126-127
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[Chronic rhinosinusitis]
inciting factors, 220
intravenous antibiotics, 227-229
local host factors in, 120-123
medical management of, 219-229
microbiology, 374-375
nasal polyposis and, 375-377
nebullized medications, 226
pathogenesis, 381-397
systemic host factors in, 117-120
topical antibiotic irrigations, 227
Chronic sinusitis, 16, 17, 19-22, 25-29,
292-295, 297, 299-300, 312, 320,
325-327, 336, 347, 358-361, 363,
364, 366, 367, 408, 409, 411, 412,
415, 420, 438
bacteria in, 157-163
diagnosis of, 45
treatment of, 196198
Chronic Sinusitis Survey, 51
Churg-Strauss syndrome, 376, 390
Cilial dysfunction, 8
Ciliary dyskinesia, 250, 251, 376
Ciprofloxacin, 189, 191, 193
Clarithromycin, 449
Clavulanate, 210, 213
Clavulanic acid, 448
Cleft palate, 8
Clindamycin, 221, 222
Clinical Advisory Committee on
Pediatric and Adult Sinusitis, 209
Clinical practice guideline, 32
Clinical rhinosinusitis, 242
Clivus, 64, 70
CMYV. See Cytomegalovirus.
CMYV infection, 421
Colds, rhinosinusitis and, 8-9
Committee on Quality Improvement,
205
Committee on Standardization of
Rhinomanometry, 309
Common cold and sinusitis, 19, 139-140
Community-acquired disease, 138
Computed tomography scan, 9, 12, 87,
310, 412, 425428, 440
Computed tomography, radiation
exposure, 57-59
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Computer aided surgery, 89
Concha bullosa, 42, 47, 66-67, 77,
242, 243
Confocal laser scanning microscope,
322
Congenital abnormalities, 66—71
COPD. See Chronic obstructive
pulmonary disease.
Corticosteroids, 223, 237, 238, 377, 380,
381, 391, 392, 393, 420-422, 432
Cranial fossa, 105-106
Craniopharyngioma, 397
Cribriform plate, 101-102
Crista galli, 70, 71
Crohn’s disease, 395, 396
CRS Task Force, 372
CRS. See Chronic rhinosinusitis.
Cryptosporidium oocysts, 141
CSF leak, 73, 88
CSF rhinorrhea, 237, 265
CSS. See Chronic Sinusitis Survey.
CT. See Computed tomography.
Cultures in nasal endoscopy, 48-51
Cystic fibrosis, 8, 9, 117, 227,
357, 358, 363, 375, 376,
393, 394, 397
diagnosis of, 363
Cystic fibrosis, sinusitis and, 357-368
microbiology, 359-361
pathophysiology, 357-359
scoring system, 362
special considerations with treating,
367-368
treatment, 363-366
Cystic fibrosis-transmembrane
regulator, 358
Cysts, 77
Cytokines, 222
Cytomegalovirus, 447

Dacrocystitis, 246
Dacrocystorhinostomy, 238, 256
Debridement, 441, 446
Decongestants, 223, 224
Deferoxamine, 420-422, 445
Deferoxamine therapy, 420, 422
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Denker’s procedure, 346

Dental apicitis, 446

Dental implant, 404, 406

Dermoid cyst, 396, 397

Deviated septum. See Nasal septum
deviation.

Dexamethasone, 282, 283

Diabetes mellitus, 420, 422

Diabetic microangiopathy, 444

Diabetic patients, sinusitis and, 444-446

Diplopia, 246, 259

Dural sinus thrombosis, 286-288

Dural sinuses, 270

Dyspnea, 299

Edema, 8, 12, 43, 44, 46
Edematous mucosa, 311
EDN. See Eosinophil derived
neurotoxin.
EES. See Endoscopic endonasal
surgery.
EFR. See Eosinophilic fungal
rhinosinusitis.
ELISA immunoassays, 327
Encephalocoele, 86, 396, 397
Endogenous antimicrobial function, 359
Endoscopic cultures, 136, 150-151
for sinusitis, 136—137
Endoscopic endonasal ethmoidectomy,
254-255
Endoscopic endonasal sphenoidotomy,
256-259
Endoscopic endonasal surgery, 238
Endoscopic evaluation, 426, 432
Endoscopic frontal sinusotomy, 261-263
Endoscopic middle meatal antrostomy,
251
Endoscopic sinus surgery, 216, 225, 226,
238-249, 251, 254, 305, 313, 320,
375, 380, 398, 449
complications of, 245-247
infections following, 225-226
Endoscopy, 24, 25, 27, 39, 44, 48, 51, 52,
75, 81, 82, 439, 441
Endoscopy, in diagnosis of sinusitis,
48-49
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Endotracheal suctioning, 368

Enterobacteriaceae, 191

Enterotoxins, 32

Eosinophil cationic protein, 388

Eosinophil derived neurotoxin, 31

Eosinophilia, 220, 293, 423

Eosinophilic fungal rhinosinusitis, 31

Eosinophilic mucin rhinosinusitis, 30

Eosinophilic rhinitis, 299

Eotaxin, 292, 383, 386

Epistaxis, 312

Erythromycin, 183, 185, 188-191, 193

Escherichia coli, 325

ESS. See Endoscopic sinus surgery.

Ethmoid bulla, 60-64, 68-70, 75, 84, 87,
240, 254

Ethmoid bullectomy, 240

Ethmoid complex, 96, 103

Ethmoid infundibulum, 96, 99, 104,
107-108

Ethmoid sinus, 99, 101-104, 108,
272,274

Ethmoid sinus, anatomy of, 64, 78

Ethmoid sinus surgery, 254-256

Ethmoidal infundibulum, 239, 251

Exotoxins, 373

Extended-spectrum antibiotic, 214

External ethmoidectomy, 255-256, 259

External frontoethmoidectomy,
259-260

Facial pain, 336

FESS. See Functional endoscopic sinus
surgery.

Fetal face, development of, 97-100

Fiberoptic sinus endoscopy, 216

Fibrosis, 227

Flexible endoscope, 309

Fluoroquinolone, 186, 208

Fluoroquinolone resistance, 186

Fontanelles, 104

Fovea ethmoidalis, 249

Frontal recess, 239-242, 245, 248,
260-263

Frontal sinus, anatomy of, 64, 104-105

Frontal sinus agenesis, 362
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Frontal sinus outflow tract, 58, 60, 61,
63, 64
Frontal sinus surgery, 259-264
Frontal sinus trephination, 259
Frontal sinusitis, 228, 254, 259-263
FRS. See Fungal rhinosinusitis.
acute invasive, 82
allergic, 83-84
chronic invasive, 82-83
Fulminent fungal sinusitis. See also
Invasive fungal sinusitis.
Functional endoscopic sinus surgery,
225-226, 238-240, 254
Fungal hyphae, 425, 432
Fungal infections, 126
Fungal organisms, 220
Fungal rhinosinusitis, 82-83, 438, 440
Fungal sinusitis, 141, 197, 419-436
classification of, 28-32
diagnosis, 424-428
epidemiology, 420
pathogenesis, 422-424
treatment, 428432
Fungi, role in sinusitis, 167-168
Fungus ball, 29, 82-84, 251, 253, 254,
257
Furosemide, 227
Fusobacteria, 148

GABHS. See Group A beta-hemolytic
Streptococci.

Gadolinium-diethylenetriaminepentaacetic
acid, 60

Gd-DTPA. See Gadolinium-
diethylenetriaminepentaacetic
acid.

Gell and Coombs reponse, 30

Gene detection sensitivity, 363

Gene therapy, 367

Genetic/congenital disorders, 117

Gentamicin, 347

GERD. See Gastroesphageal reflux
disease.

Giant ethmoid bulla, 70

Gingivobuccal sulcus, 249, 251, 253

Glandular hyperplasia, 293
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Glioma, 396, 397

Glyceryl guaiacolate. See Guaifenesin.

Glycocalyx, 321, 322

GM-CSF, 373, 374, 382-384, 386

Goblet cells, 106, 224

Gram-negative bacilli, 180-181, 191,
336, 337, 409, 415

Gram-negative bacteria, 221, 327, 328,
345-347, 439, 444, 439

Gram-positive cocci, 221, 337, 345, 407

Granulocyte colony-stimulating factor,
441

Granulomatous inflammation, 422, 423

Graves’ ophthalmopathy, 237, 238

Group A beta-hemolytic Streptococci,
181

Guaifenesin, 224, 225, 365

HAART. See Highly active
anti-retroviral therapy.

Haemophilus influenzae, 10-12, 221, 274

Haemophilus influenzae resistance, 183

Haller cells, 69, 77, 242, 243, 251, 381

Haversian canal system, 78, 228

Hemangioma, 395, 396, 397

Hematopoietic growth factors, 429

Hematopoietic stem cell transplant, 421

Hemodialysis, 445

Hemolytic Streptococci, 408, 409

Hereditary hemorrhagic telangiectasias,
265

Herniations, 70

Hiatus semilunaris, 62

High-affinity IgE receptors, 306

Highly active anti-retroviral therapy, 11,
449

Histamine, 307, 313

HIV patients, sinusitis and, 11-12,
446-449

Host defense, 320, 326-328

Host-microbe interference, 326

Human airway epithelial cells, 382

Hyperglycemia, 444

Hyperteleorism, 379, 380

Hypertrophic mucosa, 220

Hyphae, 423, 425-430, 432
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Hypo-oxygenation, 220

Hypoplasia, 362

Hypoplastic maxillary sinus, 86

Hypoplastic maxillary sinus, anatomy
of, 68

Iatrogenic dental causes, 405
IcaADBC gene cluster, 322
ICAM-1, 373, 374, 382, 383, 384
IgEs dosages, 310
Image guidance systems, 247-248
Image-guided sinus surgery, 247-248
Imaging
diagnosis of sinusitis, 51
technical parameters, 59
Imaging, in rhinosinusitis, 51
Immunocompromised patients, 437
Immunocompromised patients, sinusitis
and, 437-449
Immunodeficiency diseases, 119
Immunofluorescence, 375
test for, 375
Immunoglobulin, 438
Indolent fungal sinusitis, 30
Infectious rhinosinusitis, 306
Infectious sinusitis, 320, 321, 337,
339-342, 347
Inferior meatus, 135, 247, 249, 250
Inferior nasoantral window, 250-251
Inferior turbinate, 46, 136, 140
Inflammatory eicosanoids, 381
Infrabullar recess cells, 69
Interleukin, 373
Interleukin-8, 366
International Journal of Pediatric
Otorhinolaryngology, 206-207
International Rhinosinusitis Advisory
Board, 20
Intrabony defects, 406
Intranasal endoscopic
dacryocystorhinostomy, 265
Intranasal examination, 46, 47, 49
Intranasal examination, tools for, 47
Intravenous antibiotics, 227-229
Intravenous antibiotics, for chronic
rhinosinusitis, 227-229
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Invasive aspergillosis, 429

Invasive fungal rhinosinusitis, 438, 440

Invasive fungal sinusitis, 421-427, 429,
430, 432

Invasive sinusitis, 420-424, 427, 429, 432

IRAB. See International Rhinosinusitis
Advisory Board.

Iron chelation therapy, 428

Isoproterenol, 363

Itraconazole, 430-432

Kartagener’s syndrome, 324

Ketoacidosis, 420-422, 426, 428,
444-445

Ketolides, 222

Ketone reductase system, 445

Klebsiella pneumoniae, 323, 330-334, 345

Labial levator, 404

Lactamase inhibitor, 415

Lactamase-producing bacteria, 408, 415.
See also BLPB.

Lactoferrins, 326

Lamina papyracea, 62, 63, 68-70, 85, 87,
88, 96, 102, 246, 248, 249

Lamina propria, 220

Leukens trap, 226

Leukocyte, 325, 326

Leukocyte function antigen-1,
382, 385

Leukotrienes, 224, 300, 307, 366

Lothrop procedure, 260263

Low fovea ethmoidalis, 72

Lumbar puncture, 282

Lund-Mackay CT-scan staging system,
306, 336

Lung transplantation, 365, 367

Lusk guidelines, 32

Lympho-plasmacytic cells, 393

Lymphocyte-cytokine response, 313

Lynch procedure, 259-260

Macrolide, 222
Macrolide resistance, 185-186
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Magnetic resonance imaging, 59-60, 70,
74,75,79, 81-83, 85, 87, 281, 282,
284, 286, 287, 362, 372, 425,
426, 440

Major histocompatibility complex, 126,
382

Malignant melanoma, 396, 397

Mammaglobin, 377

Mastocytes degranulation test, 308

Matrix metalloproteinase, 327

Maxillary antral tap, 221

Maxillary empyema, 345

Maxillary outflow tract, 242, 243

Maxillary rhinosinusitis, 306

Maxillary sinus, 17, 21, 29, 55, 56, 60,
96, 98-99, 103-104, 107, 135-139,
141, 403-410, 412-415

flora, 409, 410, 415

Maxillary sinus, anatomy of, 104

Maxillary sinus endoscopy, 139

Maxillary sinus puncture, procedure for,
50, 55-89

Maxillary sinus secretion, 12

Maxillary sinus surgery, 249-254

Maxillary sinusitis, 2, 12, 154, 160,
162-165, 405410, 412-415

Maxilloethmoid sinus, 362

Macxillofacial trauma, 46

MBC. See Minimum bactericidal
concentration.

MBEC. See Minimum biofilm
eradication concentration.

MBP. See Major basic protein.

MC-CT. See Multichannel CT scanner.

MCT. See Mucociliary transport.

Meatal antrostomy, 295

Meatus, 60, 62-65, 67, 68, 84,
87, 88

MEF. See Middle ear fluid.

Meningitis, 281-283

Meningocele, 70

Methacholine, 296, 299-300

Metronidazole, 415

MHC. See Major histocompatibility
complex.

MIC. See Minimal inhibitory
concentration.

Index

Microdebriders and sinus surgery,
248-249

Microflora, 145-147

Middle ear fluid, 190, 193

Middle meatal antrostomy, 251, 253, 254

Middle meatus, 136, 139, 235, 236, 239,
245, 251, 253, 362

Middle nasal turbinate, 363, 440

Minimally invasive sinus technique, 240

Minimum bactericidal concentration,
191

Minimum biofilm eradication
concentration, 345-347

Minimum inhibitory concentration, 183,
184, 345

MIST. See Minimally invasive sinus
technique.

MMP. See Matrix metalloproteinase.

Monoclonal anti-IgE therapy, 392

Moraxella catarrhalis resistance, 183

MRI. See Magnetic resonance imaging.

Mucin, 423-428, 432

Mucocele, 60, 67, 70, 77, 80, 87,
253-255, 257, 259, 260, 262, 263,
271-272

Mucocele, frontal, appearance of, 80

Mucociliary clearance, 106-107, 238,
239, 241, 251

Mucociliary transport, 110

Mucoperiosteum. See also Schneidarian
membrane.

Mucormycosis, 445

Mucosa ciliary dysfunction, 439

Mucosal edema, 220, 223, 224, 311

Mucosal sinus surgery trauma, 326

Mucus stasis, 311

Mupirocin, 227

Mutation testing, 363

Mycetoma, 30, 420427, 430, 432

NARES, 393

Nasal allergy, 306

Nasal anatomy, 66

Nasal corticosteroids, 294, 300

Nasal endoscopy, 39, 44, 48, 52, 226,
242, 439
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Nasal endothelium, 307
Nasal flora, 152-153
Nasal fossa, 309, 310
Nasal hyper-reactivity, 308
Nasal hypersecretion, 307
Nasal irrigation, 311, 313
Nasal lavage, 366
Nasal mass, 394, 396
Nasal meati, 96
Nasal mucociliary function, 309
Nasal mucosa, 306, 307, 312, 424
Nasal obstruction, 295, 296, 300
Nasal placodes, 96
Nasal polyposis, 26-28, 31, 32, 224, 237,
249, 359, 363, 371, 373, 375-3717,
422, 424-426
bacteria in, 163-165
clinical diagnosis, 377-380
medical and surgical therapy for,
380-381
Nasal polyps, 420, 422
Nasal saline irrigations, 224
Nasal septal deviation, 67, 77
Nasal septum, 96, 100, 106
Nasal steroids, 311, 312, 314, 366
Nasal submucosal tissue, 307
Nasal suppuration, 337
Nasal turbinates, 101
Nasal-bronchial reflex, 296
Nasolacrimal duct cyst, 396, 397
Nasopharyngeal lymphoid hypertrophy,
446
Nasopharynx, 42, 43, 47, 48
National Health Interview Survey, 2
Nebulization, 347, 365
Nebulized medications, 226
Nebullized medications, for chronic
rhinosinusitis, 226
Necrosis, 422, 423, 426
Neosynephrine, 224
Netropenic patients, sinusitis and,
438-444
Neural reflex pathways, 295, 300
Neurofibroma, 395, 396, 397
Neurogenic inflammatory reaction, 308
Neurotransmitters, 308
Neurovascular foramina, 270

463

Neutropenia, 228, 421, 422
Neutrophil, 299, 422, 423, 438,
444, 447

Nitric oxide, 324-326, 342, 346, 347

synthase, 325
Non-Hodgkin’s lymphoma, 447
Non-tuberculous mycobacterium, 361
Noninvasive fungal sinusitis, 425
Normal oral flora, 145-151
Nose

embryology of, 96-100

functions of, 107

sagittal view, 102
Nose, physiology of, 96, 106, 108
Nosocomial bacterial flora, 321, 342
Nosocomial colonization, 328, 346
Nosocomial infection, 328
Nosocomial pneumonia, 322
Nosocomial rhinosinusitis, 166-167
Nosocomial sinusitis, 319-328

antimicrobials for, 342-346

complications of, 346-347

epidemiology, 328-338

in the ICU, 339-342

pathogenesis, 320-328

prevention of, 347
NPD. See Nasal potential differences.
NPT. See Nasal specific provocation test.

Odontogenic sinusitis. See also
Sinusitis.

Odotogenic sinusitis, 403-416
diagnosis, 412
management of, 412-415
microbiology, 407411
pathophysiology, 403—407
symptoms, 411

Olfactory cortex, 102

Olfactory neuroblastoma, 396, 397

OMC. See Ostiomeatal complex.

OMU. See Ostiomeatal unit.

Onodi cell, 69-70, 246, 247

Oral candidiasis, 312

Oral cavity, normal flora of, 145-148

Oral corticosteroids, 294, 295, 299

Orbicularis oculi, 404
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Oro-antral fistula, 253, 254, 407

Oropharyngeal flora, 409

Osteitic changes, 122

Osteitis, appearance of, 81

Osteoclasis, 228

Osteomyelitis, 228, 270-271

Osteoplastic frontal sinus, 263-264

Osteoplastic frontal sinus obliteration,
263-264

Ostial patency, 311

Ostiomeatal complex, 8, 103, 110, 220,
239, 240, 308, 313

Ostiomeatal unit, 239, 241, 242

Ostium, 8, 60, 62, 64, 66, 70, 76, 77, 79,
88, 104

Otitis media, 44, 47

Otolaryngologic surgery, 367

Oxidation-reduction potential, 411

Oximetazoline, 224, 277, 311

P-450 cytochrome, 312
Pain, sinus involvement and, 45
Pansinusitis, 141, 256, 444
Paradoxic middle turbinate, 68
Paranasal granuloma, 422, 423
Paranasal sinus, 16, 17, 26, 27, 29, 30,
33, 95-96, 100-101, 103-104,
106-109, 135, 137, 140-141
anatomy and physiology of, 95-108
coronal view, 101, 103
defense mechanisms. 109-111
embryology of, 96-100
sagittal view, 102
systemic defense mechanisms,
111-112
Paranasal sinus surgery, 236-238,
249-264
Paranasal sinus surgery, types of,
249-264
antral puncture and lavage, 249-250
Caldwell-Luc procedure, 251-254
contraindication, 238, 254, 256
inferior nasoantral window, 250-251
middle meatal antrostomy, 251
types of, 249-264
PCD. See Primary ciliary dyskinesia.

Index

PCP. See Pneumocystis carinii
prophylaxis.

Pediatric rhinosinusitis, classification of,
32-34

Penicillin-resistant S. pneumoniae, 185,
190, 193, 197

Perioperative antibiotics. See
Antiobiotic.

Periorbital ecchymosis, 246

Phaeohyphomycosis, 421

Pharyngitis, 5

Pharynx, 297

Plain sinus radiograph, 55-56

Pneumatization, 70, 77, 82, 86

Pneumocystis carinii prophylaxis, 449

Pneumonia, 5, 322, 324, 325, 327-334,
346, 347

Polymerase chain reaction, 375

Polymicrobial flora, 221, 222, 410

Polyposis, 325, 327, 336

Post Denker sinus cavity, 346

Post sinus surgery sinusitis, 320, 336-337

Posterior choanae, 101, 106

Posterior septum, 257

Postnasal discharge, 372, 377, 379

Postsurgical imaging, 87

Pott’s puffy tumor, 228, 269, 271

Prednisolone, 222

Prednisone, 366

Presurgical imaging, 84-87

Primary ciliary dyskinesia, 116, 376, 394

Princeton meeting classification, 19, 24

Pruritus, 307

Pseudomonas aeruginosa, 11, 12, 322

Pterygopalatine fossa, 254

Purulent rhinitis, 140, 210

Purulent rhinorrhea, 39, 44, 47, 140

Purulent rhinosinusitis, 306

Quadrilateral cartilage, 100
Quantitative pilocarpine iontophoresis,
363

Radiological imaging, 412
Radiological sinopathy, 325, 329, 336
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Reactive inflammatory sinusitis, 320
Recurrent acute bacterial sinusitis, 139
Recurrent acute rhinosinusitis, 20, 24, 33
Refractory chronic sinusitis, 326
Refractory sinusitis, 438
Retention cyst, appearance of, 80
Retrograde pulpitis, 405
Reverse transcription-PCR, 140
Rhabdomyosarcoma, 397
Rhinitis, 293, 294, 296, 299, 300
Rhinitis medicamentosa, 224, 311, 365
Rhinitis-rhinosinusitis-asthma
relationship, 313
Rhinomanometry, 51, 308, 309, 310
Rhinorrhea, 18, 19, 26, 33
Rhinoscopy, 412
Rhinosinusal cycle, 313
Rhinosinusal mucosa, 307, 308, 309,
313, 320
Rhinosinusitis Disability Index, 51
Rhinosinusitis Task Force, 43, 113
Rhinosinusitis, 2, 5, 8, 10, 15-17, 21-23,
25-27,32,39-53, 71-84, 236, 237,
242, 244, 251, 260, 293, 296, 300,
305-314, 405
allergy prevention, 313-314
asthma and, 10
clinical diagnosis of, 43
common cold and, 89
definition of, 40-41, 113
pediatric, classification of, 32-34
predisposition to, 5-10
prevalence of, 2
sinusitis vs., 15-16
URTI vs., 42-43
Rhinosinusitis, adult, classifications of,
114-115
Rhinosinusitis, allergy and, 10, 305-314
allergy in, 8, 10
classification of, 15-38
definitions of, 113
diagnosis of, 43-52, 308-310
management of, 205, 206
pathophysiology of, 41-42, 306-308
treatment, 310-313
Rhinovirus, 9, 42, 43, 138, 140
Rhizopus species, 422, 444
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RSDI. See Rhinosinusitis Disability
Index.
RSTF. See Rhinosinusitis Task Force.

Saccharine, 309, 310
Samter’s triad 41, 42, 44, 229
Saprophytic fungal infestation, 32, 84
Sarcoidosis, 395, 396
Scalp hypesthesia, 263, 264
Schneidarian membrane, 405, 415
Scintigraphy, 336
Sella turcica, 106
Septic emboli, 270
Septoplasty, 339
Seromucous glands, 156
Single channel CT scanner, 56-57
Sinocutaneous fistula, 256, 259, 263
Sinonasal diseases, 106, 108
Sinonasal polyposis, 76, 77, 79
Sinus and Allergy Health Partnership,
208, 210, 220
Sinus aspirate, 136-138, 141
Sinus aspiration 49-51
Sinus aspirations and culture,
in diagnosis of
sinusitis, 49-51
Sinus content cultures
appropriate for diagnosis, 148-151
interfering flora, 151-152
nasal flora, 152-153
Sinus edema, 329
Sinus flora, 153-154
Sinus inflammatory mediators, 295-297
Sinus involvement, pain and, 44
Sinus lateralis, 96
Sinus mucosa, 226, 228
Sinus ostia, 223, 224, 446
Sinus ostium obstruction, 17, 300
Sinus puncture, in specimen collection,
149-150
Sinus radiograph, 55-56, 209, 220
Sinus surgery, 235-265
Sinus X-ray pathology, 329
Sinusal ostia, 306
Sinuses
anatomy of, 60-71

The Foundry, LLC Exhibit 2007, Page 488 of 491
Neurent Medical Inc. & Neurent Medical Ltd. v. The Foundry, LLC
IPR2024-00279



466

[Sinuses]
congenital abnormalities, 66-71
developmental anatomy, 95
frontal, anatomy of, 104-105
functions of, 107
Sinusitis, 1, 2, 10, 40, 41, 45, 51, 135,
137, 140-141, 145-178, 220,
236-238, 250, 254, 257-260, 262,
263, 265, 269, 291-300,
403-417
antimicrobial agents, 186-193
asthma and, 291-300
bacterial resistance, 10-11, 179-180,
181
children, 294
chronic, 19, 20
classification of, 15-34
clinical diagnosis, 18
complications of, 269-288
abscesses, 285-286
brain abscess, 283-285
dural sinus thrombosis, 286-288
intracranial complications,
278-288
local, 270-272
orbital infections, 272-278
pathophysiology, 270
thrombophlebitis, 286-288
cystic fibrosis. See Cystic fibrosis.
definitions, 17-19, 21, 23, 25-27, 32,
40-41
diabetic patients and, 444-446
diagnosis, 439
dynamics of, 160
fungal. See Fungal sinusitis.
HIV and, 11-12, 446-449
imaging of, 50, 55-89
postsurgery, 87
immunocompromised patients and,
437-449
in immunocompromised patients, 437
infectious causes of, 135-141, 145-169
maxillary, 2, 12
microbiology of, 137-141, 154-167,
407-411
neutropenic patients and, 438-444
neutropenic patients in, 438

Index

[Sinusitis]
nosocomial. See Nosocomial sinusitis.
obtaining specimens, 135-137
odotogenic origin, 403-416
pathophysiology of, 109-129
postsurgical complications, 8§7-89
prevalence of, 2-5
radiologic changes, 16
rhinosinusitis vs., 15-16
surgical treatment, 251
symptoms, 411
Skin-prick test, 305, 310
SMS/CQI-AAP guideline, 33
Sphenoethmoidal recess, 101, 103, 106,
108, 221
Sphenoid sinus, 55, 56, 58, 60, 64-66, 70,
72, 74, 77, 84-86, 100, 101, 104,
106, 108
Sphenoid sinus, anatomy of, 65, 66
Sphenoid sinus surgery, 256-259
Sphenoid sinusitis, 139
Spirometry, 296, 299, 300
Squamous cell carcinoma, 395, 396, 397
Staphylococcus aureus, 32, 244, 325,
373, 375
Staphylococcus epidermidis, 322
Streptococcus pneumonia, 10-12, 180,
184-186, 220
Stromal edema, 293
Sub-periosteal abscess, 74
Subacute rhinosinusitis, 23-24, 74
Subacute sinusitis, 17, 19, 26, 33
Subcommittee on Management of
Sinusitis, 205
Subcutaneous orbital emphysema, 246
Subdural empyema, 75
Subperiosteal abscess, 269, 274, 275
Superantigens, 125, 154-155, 373, 383
Supraciliary incision, 263, 264
Surgery, for sinus disease, 233-266
contraindications for, 238
diagnostic work-up, 234-236
endoscopic, 238-245
complications of, 245-247
image-guided, 247-248
indications for, 236-238
medical history, 234-235
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Surgical complications, 86-89
Surgical drainage, 193, 197

T lymphocytes, 155

Task Force on Rhinosinusitis, 16

TFR. See Task Force on Rhinosinusitis.

TFR guideline, 24-27, 32

Thrombocytopenia, 427

Thrombophlebitis, 228, 286288

Tic doloreux, 296

Tissue necrosis, 439

TMP/SMX. See Trimethoprim/
sulfamethoxazole.

TOBI(r), 366

Tobramycin, 227, 365, 366

Topical corticosteroids, 377, 380, 381,
393

Topical diuretic therapy, 391, 392

Torsades de pointes, 312

Tramazoline nasal sprays, 311

Transforming growth factor-O, 390

Transillumination, in diagnosis of
sinusitis, 48

Trephination, 259

Trimethoprim/sulfamethoxazole, 184,
209, 213, 214, 222, 449

Tryptase, 307

Tumor necrosis factor, 373, 384

Uncinate process, 60, 62, 63, 68, 69, 77,
84, 96, 99, 104, 362

Uncinectomy, 240, 253

Unicariate process, anatomical
variations, 68-69

University of Pennsylvania Smell
Identification Test, 51

Upper airway clearance, 364-365

Upper respiratory tract infection, 18,
41-43, 46, 51, 203, 299

treatment, 24, 148, 152, 154, 155

URTI See Upper respiratory tract

infection.

467

URTI, dynamics of, 156
URTI, rhinosinusitis vs., 42-43

Valsalva maneuver, 246

Valve of Hassner, 101

Vancomycin, 184, 190

Vanderbilt Asthma Sinus and Allergy

Program, 24

Vascular cell adhesion molecule-1, 383,
385

Ventilator-associated pneumonia, 327,
328

Ventilator-associated sinusitis, 322
Vestibulum nasi, 345
Viral infections, in sinus disease,
155-157

Viral rhinosinusitis, 20-21, 33, 203
Viral sinusitis, 139
Viral upper respiratory infection, 140
Virus 139-141

in sinusitis, 138
Vomer bone, 257
Voriconazole, 429-431, 441
Voxels, 57

Water Pik® device, 224
Water’s view, 55, 56, 372, 412
Wegner’s granulomatosis, 396
Weille’s study, 294-295

X-ray examination, 17, 30, 57

Young’s syndrome, 376, 394

Zygoma, 105
Zygomycetes, 420-422, 427-429, 431,
432, 444
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