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ABSTRACT

Fungal sinusitis comprises a heterogeneous group of diseases differing in etiology, clinical presentation, and pathogenesis.
One such form is a mycetoma, a noninvasive form characterized by the accumulation of fungal hyphae and debris within
a sinus cavity, without invasion of the mucosa. Isolated sphenoid sinus mycetoma is relatively rare, and its pathophysiology
remains incompletely understood. The patient’s immune status plays a critical role in the pathogenesis of fungal sinusitis,
as immunosuppression is a major risk factor for the transformation of noninvasive mycetoma into an invasive form, poten-
tially resulting in severe complications. Therefore, immune status assessment in patients with noninvasive fungal sinusitis,
particularly in the presence of comorbidities and immunosuppressive therapy, is essential for determining optimal treatment
strategies. This article presents a clinical case of fungal sphenoiditis in a female patient with granulomatosis with polyangiitis
(ANCA-associated vasculitis) undergoing immunosuppressive therapy. The case is notable for the combination of noninvasive
fungal sphenoiditis with a high risk of invasive disease due to immunosuppression. Given the elevated risk, the patient under-
went endoscopic sphenoethmoidectomy followed by systemic antifungal therapy. This case highlights the importance of early
surgical intervention and appropriate systemic antifungal treatment in preventing infection progression and complications
in patients with noninvasive fungal sinusitis, especially in the context of immunosuppression.
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AHHOTALIUA

[pubKOBbIE CUHYCUTBI MPeACTaBNAOT OO reTeporeHHyto rpynmny 3aboneBaHui, pasnUYalOLWMXCA NO 3TUOMOTUM, KIMHMYe-
CKUM NposBNeHUAM W natoreHe3y. Cpean HUX BbIAENAIT MULIETOMY — HeUHBA3MBHYI0 (hOPMY, XapaKTepu3YyHOLLYoCs CKomsle-
HMeM rpubKoBbIX MM U feTpuTa B na3yxe, 6e3 nopaxeHus cAM3MCToN 060104KM. M30nMpoBaHHaA MULETOMA KITMHOBUAHOM
nasyxu NosiBAETCA OTHOCUTENBHO PEAKO, M NaTopU3MONOrua ee pasBUTUA OCTAeTCA 0 KOHLA He U3y4eHHOW. BaxHyto ponb
B naToreHe3e rpubKOBbIX CMHYCUTOB UrPaeT MMMYHHbINA CTATyC NaLMeHTa, NOCKO/bKY MMMYHOCYNPeccusi — 3T0 3HaYUMbIN
dakTop pucKa TpaHchOpMaLMM HeUHBA3MBHON MULIETOMbI B MHBA3WBHYHO (HOPMY, 4TO MOXKET NPUBOAUTD K CEPbE3HBIM 0COXK-
HeHusM. CnefoBaTesibHO, OLieHKa MMMYHHOTO CTaTyca Y MauMeHTOB C HeMHBa3UBHOW GOpPMOii rpubKOBOro cuHycuTa, 0cobeHHo
NpU HanM4UK conyTcTBYIOLMX 3aboneBaHMit 1 UMMYHOCYNPECCUBHONM Tepaniu, npuobpeTaeT peluatoLee 3Ha4eHWe NS Bbl-
bopa onTMManbHOM TaKTUKW NeyeHus. B HacTosilLei cTaTbe MpeAcTaBneH KIMHUYECKUiA cnyyan rpubkosoro cdeHomamnta
y NaLMeHTKM € rpaHynemarosoM ¢ nonuanrmtoM (AHLIA-accoummpoBaHHbIM BacKYNUTOM), NoayyaBLUeid KMMYHOCYNPeccuB-
Hyto Tepanuto. OcobeHHOCTb AaHHOMO Cry4as — coyeTaHue HeMHBA3MBHOMO rPUBbKOBOro ceHoMaNTa M BbICOKOTO pUCKa pa3-
BMTWS MHBA3WBHOIO NpoLiecca B YCIOBUAX UMMYHOCYNpeccun. YuuTbiBas 310, NaLmeHTKe bbina BbINOAHEHA IHAOCKONMYECKas
cheHo3ITMOMAIKTOMMSA C NOC/eaytoLLiei CUCTEMHOW NpoTMBOrpUOKOBOM Tepanuen. [JaHHbIi npuMep NoA4YepKUBaeT BaXHOCTb
PaHHero X1pypruyeckoro BMeLLaTeNbCTBa U afleKBaTHOM CUCTEMHOI aHTUMUKOTUYECKOI Tepanuu Ans NpefoTBpaLLeHus npo-
rpeccupoBaHnst MHDEKLMM 1 Pa3BUTUSA OCTIOXKHEHWI Y NaLMEHTOB C HEMHBA3UBHBIM rPUBKOBLIM CUHYCUTOM, 0COBEHHO NpU Ha-
nm4nm HaKTopoB pUCKa MMMYHOCYNPECCUU.

KnioueBble cnoBa: rpubKOBbIA PUHOCUHYCUT; MULLETOMA; rPUBKOBLIN cheHonauT; Aspergillus spp.; ANCA-accoLmMpoBaHHBbIiA
BaCKY/MT; (YHKLMOHaNbHAs 3HOOCKOMMYECKas XWPYPrus HOCOBbIX NasyX; 3HAOCKOMWYECKas HasanbHas CGeHo3ITMouA-
IKTOMMS.
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INTRODUCTION

Fungal sinusitis is a heterogeneous group of diseases
characterized by a wide variety of etiologies, causative
agents, clinical manifestations, microscopic and macro-
scopic features, treatment options, and prognoses. The his-
tological diagnostic criteria proposed by DeShazo classify
allergic, chronic non-invasive (mycetoma), chronic invasive,
granulomatous invasive, and acute fulminant invasive fun-
gal sinusitis [1, 2]. The pathogenesis of fungal sinusitis
depends on the patient's immune status and comorbidi-
ties [3].

Mycetoma, also known as aspergilloma, is described
as a non-invasive dense conglomerate of fungal hyphae,
typically Aspergillus spp. This condition is characterized
by the gradual accumulation of hardened fungal debris
and mucus in the sinuses without the involvement
of mucous membranes, blood vessels, or bony
structures [4, 5].

Isolated sphenoid sinus mycetoma is rare, ac-
counting for only 1%-3% of cases of rhinosinusitis [6, 7].
The pathophysiology of an isolated sphenoid sinus my-
cetoma is not fully understood. For example, a maxil-
lary sinus mycetoma has some predisposing factors, one
of which is an odontogenic origin. The calcium salts (zinc
oxide) in the filling material act as a catalyst for myce-
toma development [8]. This assumption is difficult to ap-
ply to the sphenoid sinus due to its anatomical location.
The trigger for a fungal ball in the sphenoid sinus is still
unclear.

There are some theories about the pathogenesis
of non-invasive fungal sphenoiditis. The aerogenic theory
claims that inhaled fungal spores may become patho-
genic [4, 9]. Additional triggers are necessary to activate
the pathological process. The trigger foreign agent theory
claims that certain anatomical features on the affected
side allow foreign substances to enter the unobstructed
sphenoid sinus. A unilateral excess air space in the nasal
cavity is the predisposing factor, providing freer and wider
access to the anterior wall of the sphenoid sinus. Forced
nasal inhalation can cause a relatively small foreign body
to enter the nasal cavity. A wide sphenoid ostium allows
a foreign body to freely penetrate the sphenoid sinus.
These features increase the likelihood that a foreign body
will penetrate the sphenoid sinus and trigger mycetoma
formation [10].

Computed tomography visualizes mycetoma as a hy-
perdense lesion caused by tangled fungal hyphae. This
lesion is typically confined to a single sinus and have
linear or punctate calcifications at its center [11, 12]. Al-
though there are no signs of invasion, erosive lesions
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in bone structures may be present due to necrosis caused
by pressure from the fungal body [13, 14]. Systemic or lo-
cal antifungal therapy is ineffective because the fungal
lesions are non-invasive [15]. Surgery involves removing
the fungal ball and dilating the sphenoid ostium to en-
sure adequate outflow [4, 8, 16]. The removed fungal ball
is sent for histopathological verification. A diagnosis
largely depends on these results [17] because fungal cul-
tures often yield negative results due to the low viability
of hyphae [8].

CASE DESCRIPTION

In 2017, a é1-year-old woman was diagnosed with
granulomatosis with polyangiitis, a systemic antineutro-
phil cytoplasmic antibody (ANCA)-associated'-vasculitis
with hyperproduction of anti-proteinase 3 (PR3) anti-
bodies, involving the ears and sinuses (bilateral otitis
and pansinusitis), kidneys (rapidly progressive glomeru-
lonephritis), and lungs (hemorrhagic bronchitis). In 2023,
she was admitted to the Nephrology Department for in-
patient treatment and pathogenetic therapy due to com-
plaints of fever, general weakness, and difficulty nasal
breathing. The patient’s condition was considered severe
due to receiving immunosuppressive therapy (glucocorti-
coids, cyclophosphamide, rituximab), progression of acute
kidney injury in addition to Stage 3b chronic kidney dis-
ease (glomerular filtration rate of 42 mL/min according
to the CKD-EPI equation), and systemic inflammatory re-
sponse with C-reactive protein of 31.9 mg/L and procalci-
tonin of 2.42 ng/mL (Fig. 1). The anti-PR3 antibody level
was negative at 9.65 elative units/mL. A multispiral com-
puted tomography of the paranasal sinuses was performed
to identify the site of infection because systemic inflam-
matory response was progressing (Fig. 2). A fungal infec-
tion of the right sphenoid sinus was detected, so it was
decided that the mycetoma should be surgically removed
(Figs. 3 and 4). The material was sent for histopathological
examination.

Microscopically, small fragments appeared as inter-
twined threads of hyphal mycelium with signs of dystrophy
and necrosis and small calcium salt deposits. The patient
received non-surgical treatment. Due to acute kidney in-
jury, the patient was switched from amphotericin B to vori-
conazole (400 mg twice a day at 12-hour intervals, fol-
lowed by 200 mg twice a day for 9 days), co-trimoxazole
(480 mg twice a day for 5 days), metronidazole (500 mg
three times a day for 6 days), and methylprednisolone
(4 mg for 10 days). Non-surgical treatment for acute kid-
ney injury was also provided. Positive changes were ob-
served during the treatment, including the normalization
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Fig. 1. Temporal changes in inflammatory markers (C-reactive protein, procalcitonin).
Puc. 1. [IuHamMuka MapKepoB BocmanuTesnbHoro npouecca (C-peakTuBHbIA BENoK, MPOKaNbLMTOHKH).

Fig. 2. Multislice computed tomography of the paranasal sinuses (2023), sagittal and coronal views. A hyperdense lesion with a solid
component (fungal ball) and an area of calcification (arrow) is observed in the right sphenoid sinus, which is characteristic of a mycetoma.
No signs of bony destruction are detected.

Puc. 2. MynbTucnnpanbHas KOMNbIOTEPHAA TOMOrpaMMa NpuaaTouHbIx nasyx or 2023 r. B caruTTanbHOM U KOPOHapHOM npoeKuusx. Ha ca-
TUTTabHON NPOEKLMW B NPABON KJIMHOBMAHOI Nasyxe onpesenieHo runepaeHcUBHOe 0bpasoBaHme C NIOTHBIM KOMMOHEHTOM (rpubKoBoe
TEN0) C y4acTKOM KanbUM@UKaumMW (yKa3aHo CTPENIKOIA), YTO XapaKTepHO AN MULETOMbI. [leCTPYKTUBHBIX U3MEHEHUIA KOCTHBIX CTPYKTYP
He BbISIBNEHO.

Fig. 3. Intraoperative endoscopic view. Endoscopic transnasal sphenoethmoidectomy was performed on the right side. A fungal ball
occupying the lower third of the right sphenoid sinus was visualized.

Puc. 3. ViuTpaonepateHas 3HA0OCKONMHECKas KapTuHa. bbina BbinonHeHa 3HA0CKONMYeCKas TpaHCHa3anbHas cheHo3TMOMAIKTOMUS Crpa-
Ba. [pu 3H70CKONWM B NPaBOiA OCHOBHOI Nasyxe onpefeneHo rpubKoBoe Teno, NOSHOCTLIO 3aHUMAlOLLIEe HUKHIOK TPETb Nasyxu.

DOl https://doiarg/1017816/fopr643097
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Fig. 4. Intraoperative endoscopic view after removal of the fungal
ball. The sinus was irrigated with an antiseptic solution and 0.9%
sodium chloride. No residual fungal material was detected
on inspection with 30° and 70° endoscopes; the mucosa appeared
edematous.

Puc. 4. NHTpaonepaumoHHbIi 3HA0CKONUYeCKWI 0630p nocne yaa-
NeHus rpubkoBoro Tena. MNasyxa NpoMbiTa pacTBOPOM aHTUCENTHUKA
1 0,9% pactBopom Hatpus xnopuga. lpu ocmotpe nasyxu 30° n 70°
3H[OCKOMNOM AaHHBIX O HaNM4KUW rPUOKOBOrO TeNa HeT, CAM3MCTas
obonouka oteyHa.

of systemic inflammatory response markers, such as C-re-
active protein (0 mg/L) and procalcitonin (0.25 ng/mL).
The patient was discharged from the hospital under
the supervision of a local nephrologist and was pre-
scribed antifungal therapy with voriconazole for 3 months
at 400 mg/day.

In 2024, multispiral computed tomography of the paranasal
sinuses (Fig. 5) and exploratory endoscopy of the sphenoid
sinus (Fig. 6) were performed.

DISCUSSION

Although mycetoma is noninvasive, there are some
reports that suggest it can progress to an invasive
form in immunocompromised patients [8, 18, 19]. Some
authors recommend additional systemic antifungal ther-
apy, such as itraconazole, for immunocompromised pa-
tients with non-invasive sinusitis because sphenoid sinus
mycetoma may progress to an invasive form after sur-
gery [8, 20, 21]. Clinicians should remain alert for poten-
tial serious complications of sphenoid sinus mycetoma.
Even if the Aspergilli are non-invasive, as demonstrated
by negative mucosal biopsy, the fungal ball can serve
as a site for subsequent bacterial attachment, leading
to bacterial sinusitis, meningitis, and subdural empy-
ema [22].

One article compares two groups of patients, with
and without risk factors for invasive fungal sinusitis.
Each group was diagnosed with paranasal sinus myce-
toma [23, 24]. The authors concluded that the following
predisposing factors increase the likelihood of myce-
toma affecting the deep sinuses, such as the sphenoid
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Fig. 5. Multislice computed tomography of the paranasal sinus-
es (2024), coronal and sagittal views. A wide communication be-
tween the right sphenoid sinus and the ethmoid air cells remains
along the anterior wall, up to 7 mm. No mucosal thickening or si-
nus contents are observed. No bony destruction is noted.

Puc. 5. MynbTucnupanbHas KOMNbloTepHas TOMorpamMma npuaaroy-
HbIX nasyx ot 2024 r. KopoHapHas 1 carutTanbHas nNpoeKums KoM-
nbtoTepHoI TOMorpadum OKONOHOCOBLIX Nasyx. B npaBoii nonosuHe
K/MHOBMHOI Na3yXu COXPaHeHO LUMPOKOE CO0bLLIeHME C suerkamm
peLueTHaTon KOCTM MO MepepHeil CTeHKe masyxu Ao 7 MM. YTon-
LLEHWSA CIM3KUCTON 0BONOYKY U COAEPXKUMOro He onpeeneHbl. [le-
CTPYKTUBHBIX M3MEHEHUI KITMHOBUAHOW Na3yXu He BblSBNEHO.

Fig. 6. Endoscopic image (2024), 0° endoscope. No sinus content
is observed in the right sphenoid sinus. The mucosa appears pale
pink, smooth, and glistening. The sphenoid sinus ostium remains
widely patent.

Puc. 6. 3npockonuyeckas KaptuHa ot 2024 r. OcMoTp aHgockonomM 0°.
Mpy 3HAOCKONMYECKOM 0CMOTPE KIMHOBMAHOM Na3yXu CrpaBa aH-
HbIX 0 cofiep1MoM HeT. CnusuncTas obonouka bnegHo-po3oBas, maa-
Kas, bnectawas. CoycTbe KIMHOBWAHON Na3yxXu LIMPOKO PacKpbITO.
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and ethmoid sinuses: immunosuppressive therapy, long-
term systemic corticosteroid therapy, immunodeficien-
cy, kidney transplantation, hematologic malignancies,
and uncontrolled diabetes mellitus. All cases of myce-
toma were treated surgically. For difficult-to-treat cas-
es, antifungal therapy was administered for complete
cure.

The clinical case describes an immunocompromised
patient with isolated fungal sphenoiditis who received
immunosuppressive, hormonal, and monoclonal antibody
therapies for an underlying disease, ANCA-associated
vasculitis. This is a risk factor for an invasive fungal process.
In this case, fungal sphenoiditis was most likely caused
by immunosuppressive therapy and prolonged hormonal
therapy. Elevated procalcitonin levels should be mentioned
as a sign of an increased risk for sepsis. A large retrospective
study showed that, unlike bacterial sepsis, fungal sepsis
is characterized by a lower increase in blood procalcitonin
levels [4]. Considering all of the above factors, the authors
decided to perform an endoscopic sphenoethmoidectomy,
followed by systemic antifungal therapy, to reduce the risk
of complications.

CONCLUSION

It is important to differentiate between invasive
and noninvasive fungal sinusitis to determine treatment
strategies and predict disease outcomes. This case
report emphasizes the importance of evaluating
the risk of progression from non-invasive to invasive fungal
sinusitis, especially in patients with immunodeficiency
and those receiving immunosuppressive therapy. For
patients with non-invasive fungal sinusitis who are
at risk of progression to an invasive form, early surgical
treatment followed by systemic antifungal therapy should
be considered. Therefore, risk stratification for invasive
fungal sinusitis is important for patients receiving
immunosuppressive therapy and for those with primary
or secondary immunodeficiencies.
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