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Abstract: Background: Fungal rhinosinusitis (FRS) with mucosal invasion is not classified by
the current criteria, and clinical reports on the topic are limited. The aim of this study was to
present our 25-year experience on fungal balls with mucosal invasion that do not appear in the
FRS classification. Methods: Of 1318 patients who underwent endoscopic surgery with paranasal
FRS between November 1994 and July 2019, 372 underwent mucosal biopsies. Medical chart and
pathology review were performed on 13 patients diagnosed as having fungal balls with mucosal
invasion without accompanying tissue invasion. Results: Histopathologic findings identified all fungi
as belonging to the Aspergillus species. In 13 patients, 7 fungal balls were located in the maxillary
sinus, 3 in the sphenoid sinus, and 3 in both the maxillary and ethmoid sinuses. The median age
at diagnosis was 67 years (interquartile range (IQR): 62–72), and the sex ratio was 1:2 (4 men and
9 women). Five patients had comorbidities—three with diabetes mellitus and two with hematologic
malignancy—all of whom received postoperative antifungal therapy. The median duration of
antifungal treatment was 13 weeks (IQR: 8–17). No recurrences occurred during the median follow-up
period of 30 months (IQR: 22–43). Conclusions: Patients who have been clinically diagnosed with a
fungal ball and showed mucosal invasion but no vascular invasion, based on pathologic findings
after surgery, may need a new FRS classification category, such as microinvasive FRS, and adjuvant
antifungal treatment may be needed for immunocompromised patients with microinvasive FRS.
Key points: Fungal rhinosinusitis with mucosal invasion is different from fungal ball and invasive
fungal rhinosinusitis and may be classified in a separate category as microinvasive FRS.
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1. Introduction

Fungal rhinosinusitis (FRS) exhibits various clinical characteristics, ranging from colonization
to life-threatening invasive disease. FRS classification was first suggested by Hora et al. [1] in 1965,
who categorized FRS into invasive and non-invasive groups. The non-invasive group included patients
with clinical symptoms similar to those of chronic paranasal rhinosinusitis but who did not respond to
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routine therapeutic measures, and the invasive group included those classified based on clinical images
characterized by a mass involving the surrounding tissues, such as the orbit, nasal cavity, or cheek
tissues, with some cases exhibiting overlying skin involvement. The International Society for Human
and Animal Mycology classified the invasive and non-invasive types according to histologic findings.
According to this classification, invasive diseases include acute invasive (fulminant), granulomatous
invasive, and chronic invasive FRS, whereas the non-invasive diseases include saprophytic fungal
infestation, fungal balls, and fungus-related eosinophilic FRS, including allergic FRS [2].

Invasive FRS is defined as the presence of vascular invasion and sparse inflammatory reaction
associated with the destruction of local structures observed on histopathologic examination. Invasive
FRS is divided into subtypes according to the disease duration, whereby acute invasive FRS develops
within 4 weeks and chronic invasive FRS lasts more than 12 weeks. Acute invasive FRS is fatal, with
an estimated 50% disease-specific mortality, and mainly occurs in immunocompromised hosts [3–7].
A prior study reported neutropenia (absolute neutrophil count < 500/µL) in 82.9% of overall cases of
acute invasive FRS [7]. In contrast, chronic invasive FRS is rare, with limited reports on the clinical
features and pathophysiology. One study reported that only six cases were finally diagnosed as chronic
invasive FRS during 15 years of a multi-institutional study [8]. Aspergillus and Rhizopus species are the
main causative organisms of chronic invasive FRS, and the most common comorbidity was diabetes
mellitus [9].

Fungal balls of the paranasal sinus (PNS) are formed through the colonization of fungal hyphae in
the PNS without histopathological evidence of parenchymal invasion. Fungal ball is the most common
type of FRS found in immunocompetent and immunocompromised hosts, and the main causative
organisms are of the Aspergillus species [10,11]. In contrast to invasive FRS, fungal balls can be treated
by endoscopic sinus surgery (ESS) without the need for additional antifungal treatment, and a previous
study reported no recurrence of fungal balls after ESS during follow-up [12].

Invasiveness is critical in the classification and treatment of FRS. However, we found some cases of
fungal balls associated with mild inflammation of the surrounding mucosa confirmed histologically but
without direct vascular invasion or involvement of the surrounding structures beyond the submucosa.
These cases of FRS were not entirely consistent with the definition of invasive FRS and of fungal balls
(Figure 1). Thus, we present 13 cases of fungal balls with only mucosal invasion, encountered during a
25-year period.
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Figure 1. (A) Radiologic finding showing a fungal ball located in the right maxillary sinus protruding 
into the adjacent ethmoid sinus. (B) Intraoperative endoscopic evaluation of the right maxillary sinus. 
Note the fungal ball with thickened mucosa and inflammatory change. (C) Pathological confirmation 
of submucosal invasion of fungal material (hematoxylin and eosin stain, ×200). 

2. Materials and Methods 

This retrospective case–control study was conducted to identify the characteristics of FRS with 
mucosal invasion. We enrolled patients aged > 18 years who were diagnosed with paranasal FRS 
using ESS between November 1994 and July 2019 at the Samsung Medical Center, a tertiary‐care 
referral hospital in Seoul, Republic of Korea. These patients were diagnosed with fungal sinusitis 
based on the review of pathology slides, which confirmed tissue invasion. Complete removal of 
fungal material using ESS was achieved in all 1318 patients, and additional mucosal biopsies were 
performed in cases of suspected mucosal inflammation or radiologically proven bony defects (n = 

Figure 1. (A) Radiologic finding showing a fungal ball located in the right maxillary sinus protruding
into the adjacent ethmoid sinus. (B) Intraoperative endoscopic evaluation of the right maxillary sinus.
Note the fungal ball with thickened mucosa and inflammatory change. (C) Pathological confirmation
of submucosal invasion of fungal material (hematoxylin and eosin stain, ×200).

2. Materials and Methods

This retrospective case–control study was conducted to identify the characteristics of FRS with
mucosal invasion. We enrolled patients aged > 18 years who were diagnosed with paranasal FRS using
ESS between November 1994 and July 2019 at the Samsung Medical Center, a tertiary-care referral
hospital in Seoul, Republic of Korea. These patients were diagnosed with fungal sinusitis based on the
review of pathology slides, which confirmed tissue invasion. Complete removal of fungal material
using ESS was achieved in all 1318 patients, and additional mucosal biopsies were performed in cases
of suspected mucosal inflammation or radiologically proven bony defects (n = 372). All mucosal
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biopsy tissues were rinsed with normal saline before formalin fixation in the operating room to reduce
the chances of fungal contamination. All pathology slides were evaluated by a certified pathologist
experienced in dealing with sinonasal diseases. All patients with any form of invasion were referred to
an infectious disease specialist for consultation regarding additional antifungal treatment. Patients’
demographic data, initial symptoms, medical comorbidities, pathologic reports, and disease-free
status and duration were collected at the last follow-up visit. Information on additional treatment
after surgery, including antifungal therapy obtained from prescription records, was also collected. To
compare the two groups, Pearson χ2 tests and Fisher’s exact tests were used for categorical variables
and Student’s t-test and Mann–Whitney U tests were used for continuous variables when appropriate.
The study protocol was reviewed and approved by the Institutional Ethics Committee at the Samsung
Medical Center (IRB number: SMC 2018-04-119).

3. Results

During the study period, a total of 1318 patients underwent endoscopic sinus surgery for paranasal
FRS. Among 1281 patients diagnosed with fungal balls, 374 underwent additional mucosal biopsy.
Finally, 13 patients with FRS involving mucosal invasion, not defined by the current classification, were
identified (Figure 2). Pathologic findings of these patients included fungal balls with focal invasion
to the subepithelial tissue, chronic sinusitis with eosinophils with fungal hyphae in the surface and
superficial parenchyma, chronic active sinusitis with fungal hyphae within necrotic and inflammatory
exudate and the surface of inflamed granulation tissue, and acute inflammatory exudates and blood
clots with fungal hyphae in the mucosa. Clinical characteristics of patients with FRS involving mucosal
invasion are shown in Table 1. The median age at diagnosis was 67 years (interquartile range [IQR]:
62–72; 67 to 10), and the sex ratio was 1:2 (4 men and 9 women). Fungal balls were located in the
maxillary sinus in seven patients, in the sphenoid sinus in three patients, and in both the maxillary and
ethmoid sinuses in three patients. All patients with FRS involving mucosal invasion were identified as
having the Aspergillus species on pathologic findings. Five patients had no symptoms during their
initial visit, whereas eight had nonspecific sinusitis-related symptoms (three with purulent rhinorrhea;
two with postnasal drip; and one each with facial pain, headache, and nasal obstruction). The median
duration of symptoms was 8 months (IQR: 2–28). In a 1:2 comparison of patients with fungal balls with
and without mucosal invasion, there were no significant differences in the demographic and clinical
characteristics of patients.
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Table 1. Baseline Characteristics and Clinical Courses of the Microinvasive Fungal Rhinosinusitis.

Patient
Number

Age
(Years) Sex Location Species Underlying

Disease Symptoms Duration of
Symptoms (Months) Antifungal Therapy Disease-Free State at

Last Visit
Duration of

Follow-Up (Months)

1 57 F (L) MS Aspergillus Facial pain 1.5 ND Yes 20

2 82 F (R) MS Aspergillus DM Nasal
obstruction 2 Itraconazole 8 weeks Yes 21

3 83 M (L) SS Aspergillus DM None Voriconazole 17 weeks Yes 22
4 63 M (L) MS Aspergillus Postnasal drip 4 ND Yes 22

5 67 F (L) MS, ES Aspergillus DM Headache 120
Amphotericin B 3 weeks,
voriconazole 7 weeks &

caspofungin 3 weeks
Yes 23

6 48 M (R) SS Aspergillus Acute biphasic
leukemia None Amphotericin B 8 weeks Yes 24

7 64 F (R) MS, ES Aspergillus Purulent
rhinorrhea 1 ND Yes 22

8 72 F (R) MS, ES Aspergillus Postnasal drip 12 ND Yes 25

9 62 F (L) MS Aspergillus Purulent
rhinorrhea 27 ND Yes 43

10 68 M (R) MS Aspergillus None ND Yes 49
11 61 F (R) MS Aspergillus None ND Yes 117

12 77 F (L) MS Aspergillus Diffuse large B
cell lymphoma None Amphotericin B 2 weeks &

voriconazole 15 weeks Yes 122

13 71 F (B) SS Aspergillus Purulent
rhinorrhea 30 ND Yes 30

Abbreviations: DM, diabetes mellitus; ES, ethmoid sinus; F, female; L, left; M, male; MS, maxillary sinus; ND; not done; R, right; SS, sphenoid sinus.
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Five patients had comorbidities: three with diabetes mellitus and two with a hematologic
malignancy (one acute biphasic leukemia and one diffuse large B-cell lymphoma). The two patients
with a hematologic malignancy had no rhinologic symptoms but were diagnosed with fungal balls
incidentally during a work-up for bone marrow transplantation. The three patients with diabetes had
well-controlled blood glucose levels, made regular endocrinology visits, and had no accompanying
diabetic ketoacidosis events. Postoperative antifungal treatment was administered in five patients
with a comorbidity as they were considered as immunocompromised hosts. Amphotericin B was used
in three patients, voriconazole in one, and itraconazole in one. The median duration of antifungal
treatment was 13 weeks (IQR: 8–17). The antifungal agent treatment regimens and durations are shown
in Table 1. No recurrences occurred in any patient with fungal balls with mucosal invasion during the
median follow-up period of 30 months (IQR: 22–43; 42 to 36).

4. Discussion

To the best of our knowledge, this is the first study to evaluate PNS fungal balls with only mucosal
invasion, i.e., without angioinvasion. This study is critical in that we share our clinical experience with
variant forms of FRS that are not currently classified.

In the diagnosis of FRS, invasiveness is one of the most important factors that determine the
treatment modality and disease outcome. Invasive FRS requires immediate antifungal treatment after
surgery, whereas in case of fungal balls, endoscopic surgical removal is sufficient without the need
for additional antifungal therapy [12]. Fungal balls are defined according to the following criteria:
(1) radiologic evidence of sinus opacification with or without calcifications; (2) mucopurulent, cheesy,
or clay-like materials within a sinus; (3) dense conglomerated fungal hyphae separate from, but
adjacent to, the sinus mucosa; (4) chronic inflammatory response in the mucosa adjacent to fungal
elements; and (5) no histologic evidence of fungal invasion of the mucosa, blood vessels, or underlying
bone [13]. However, we identified 13 patients with fungal balls who could not be classified according
to these current criteria due to adjacent mucosal invasion. No patient showed destruction or invasion
of the surrounding bone or soft tissues based on clinical, endoscopic, and radiologic findings; however,
mucosal invasion was confirmed in pathologic findings. FRS in these patients was not classified as
invasive FRS because of the absence of angioinvasion.

Patients with FRS involving mucosal invasion did not show vascular invasion; however, because
of mucosal invasion, we considered that additional antifungal treatment might be necessary. Adjuvant
antifungal therapy was used in five patients with comorbidities such as diabetes or hematologic
malignancy, and all patients who received antifungal treatment showed no evidence of recurrence
during the follow-up period. Because the clinical features of these patients did not differ from those of
other patients diagnosed with PNS fungal balls, there was some debate on whether antifungal therapy
should indeed be performed in addition to surgery. However, several cases of fungal balls progressing
to invasive FRS in immunocompromised patients have been reported [14–16]. A prior study reported
the case of a patient with sinus fungal ball in the sphenoid, who died 2 weeks after surgery due to
carotid invasion; the patient was under long-term steroid therapy for asthma [14]. Thus, in cases of
fungal balls without clinically invasive features but with observed mucosal invasion on histopathologic
examination, progression to invasive FRS may occur in immunocompromised hosts without additional
antifungal treatment.

To the best of our knowledge, there is no concept yet for defining a fungal ball with mucosal
invasion; however, we consider that a distinct subtype may be needed for this condition because
it has characteristics that differentiate it from invasive FRS. We propose a different subtype called
“microinvasive FRS” because preoperative clinical and radiologic findings were similar to those of
fungal balls, but, in addition, mucosal invasion was observed in pathologic findings after surgery.
Thus, in the presence of mucosal invasion, postoperative antifungal therapy should be considered,
especially in immunocompromised patients.
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Paknezhad et al. [17] previously reported another intermediate form of FRS between non-invasive
and invasive FRS and suggested a “preinvasive” subtype of fungal sinusitis. The cases in that
study presented clinically as invasive FRS; however, histopathologic findings did not show direct
angioinvasion and demonstrated wide extension beyond the submucosa. All cases were successfully
treated with limited surgical procedures and short antifungal therapy courses. The authors suggested
that treatment for these patients falls into an undefined zone between the treatment for fungal balls
and that for aggressive FRS [17]. Although the present study also similarly evaluated patients with a
condition that fell between fungal balls and invasive FRS, the clinical and pathologic characteristics of
our patients differed from those of Paknezhad et al.’s study [17].

The limitation of the present study was its retrospective nature and the small number of patients
over a long period. Another limitation is that we could not characterize microinvasive FRS although
we identified a specific patient group as such. FRS with mucosal invasion in this study may have been
found in the process of detecting invasive FRS, but some may resolve spontaneously regardless of
whether further treatment is administered. Therefore, further multicenter prospective studies with
repeat biopsy are needed to understand the clinical characteristics of microinvasive FRS.

In conclusion, we presented one subtype of FRS that had not been classified under the current
guidelines. We identified 13 patients with fungal balls with mucosal invasion but without angioinvasion.
Because this presentation represents a boundary between fungal balls and invasive FRS with a likely
progression to invasive FRS in future, the definition of microinvasive FRS may be considered.
Furthermore, adjuvant antifungal treatment may be considered in immunocompromised hosts with
microinvasive FRS.

Author Contributions: Conceptualization, M.Y.S. and H.Y.K.; Data curation, J.E.C. and S.D.H.; Formal analysis,
M.Y.S., H.S., S.H.L., S.-K.C., K.R.P. and H.Y.K.; Writing—original draft, M.Y.S., H.S. and H.Y.K.; Writing—review &
editing, M.Y.S., H.S. and H.Y.K. All authors have read and agreed to the published version of the manuscript.

Funding: No funding was provided for this study.

Conflicts of Interest: All authors certify that there are no potential conflicts of interest to declare.

References

1. Hora, J.F. Primary Aspergillosis of the Paranasal Sinuses and Associated Areas. Laryngoscope 1965, 75,
768–773. [CrossRef] [PubMed]

2. Chakrabarti, A.; Denning, D.W.; Ferguson, B.J.; Ponikau, J.; Buzina, W.; Kita, H.; Marple, B.; Panda, N.;
Vlaminck, S.; Kauffmann-Lacroix, C.; et al. Fungal rhinosinusitis: A categorization and definitional schema
addressing current controversies. Laryngoscope 2009, 119, 1809–1818. [CrossRef] [PubMed]

3. Payne, S.J.; Mitzner, R.; Kunchala, S.; Roland, L.; McGinn, J.D. Acute Invasive Fungal Rhinosinusitis: A
15-Year Experience with 41 Patients. Otolaryngol. Head Neck Surg. Off. J. Am. Acad. Otolaryngol. Head
Neck Surg. 2016, 154, 759–764. [CrossRef] [PubMed]

4. Bakhshaee, M.; Bojdi, A.; Allahyari, A.; Majidi, M.R.; Tavakol, S.; Najafzadeh, M.J.; Asghari, M. Acute
invasive fungal rhinosinusitis: Our experience with 18 cases. Eur. Arch. Oto-Rhino-Laryngol. Off. J. Eur. Fed.
Oto-Rhino-Laryngol. Soc. (EUFOS) Affil. Ger. Soc. Oto-Rhino-Laryngol. Head Neck Surg. 2016, 273, 4281–4287.
[CrossRef] [PubMed]

5. Cho, H.J.; Jang, M.S.; Hong, S.D.; Chung, S.K.; Kim, H.Y.; Dhong, H.J. Prognostic factors for survival in
patients with acute invasive fungal rhinosinusitis. Am. J. Rhinol. Allergy 2015, 29, 48–53. [CrossRef] [PubMed]

6. Foshee, J.; Luminais, C.; Casey, J.; Farag, A.; Prestipino, A.; Iloreta, A.M.; Nyquist, G.; Rosen, M. An evaluation
of invasive fungal sinusitis outcomes with subsite analysis and use of frozen section analysis. Int. Forum
Allergy Rhinol. 2016, 6, 807–811. [CrossRef]

7. Gode, S.; Turhal, G.; Ozturk, K.; Aysel, A.; Midilli, R.; Karci, B. Acute invasive fungal rhinosinusitis: Survival
analysis and the prognostic indicators. Am. J. Rhinol. Allergy 2015, 29, e164–e169. [CrossRef]

8. D’Anza, B.; Stokken, J.; Greene, J.S.; Kennedy, T.; Woodard, T.D.; Sindwani, R. Chronic invasive fungal
sinusitis: Characterization and shift in management of a rare disease. Int. Forum Allergy Rhinol. 2016, 6,
1294–1300. [CrossRef]

http://dx.doi.org/10.1288/00005537-196505000-00004
http://www.ncbi.nlm.nih.gov/pubmed/14312647
http://dx.doi.org/10.1002/lary.20520
http://www.ncbi.nlm.nih.gov/pubmed/19544383
http://dx.doi.org/10.1177/0194599815627786
http://www.ncbi.nlm.nih.gov/pubmed/26884367
http://dx.doi.org/10.1007/s00405-016-4109-z
http://www.ncbi.nlm.nih.gov/pubmed/27272179
http://dx.doi.org/10.2500/ajra.2015.29.4115
http://www.ncbi.nlm.nih.gov/pubmed/25590320
http://dx.doi.org/10.1002/alr.21714
http://dx.doi.org/10.2500/ajra.2015.29.4245
http://dx.doi.org/10.1002/alr.21828


J. Clin. Med. 2020, 9, 600 8 of 8

9. Parikh, S.L.; Venkatraman, G.; DelGaudio, J.M. Invasive fungal sinusitis: A 15-year review from a single
institution. Am. J. Rhinol. 2004, 18, 75–81. [CrossRef]

10. Grosjean, P.; Weber, R. Fungus balls of the paranasal sinuses: A review. Eur. Arch. Oto-Rhino-Laryngol. Off. J.
Eur. Fed. Oto-Rhino-Laryngol. Soc. (EUFOS) Affil. Ger. Soc. Oto-Rhino-Laryngol. Head Neck Surg. 2007, 264,
461–470. [CrossRef] [PubMed]

11. Thompson, G.R., 3rd; Patterson, T.F. Fungal disease of the nose and paranasal sinuses. J. Allergy Clin.
Immunol. 2012, 129, 321–326. [CrossRef] [PubMed]

12. Nicolai, P.; Lombardi, D.; Tomenzoli, D.; Villaret, A.B.; Piccioni, M.; Mensi, M.; Maroldi, R. Fungus ball of
the paranasal sinuses: Experience in 160 patients treated with endoscopic surgery. Laryngoscope 2009, 119,
2275–2279. [CrossRef] [PubMed]

13. McGill, T.J.; Simpson, G.; Healy, G.B. Fulminant aspergillosis of the nose and paranasal sinuses: A new
clinical entity. Laryngoscope 1980, 90, 748–754. [CrossRef] [PubMed]

14. Ferguson, B.J. Fungus balls of the paranasal sinuses. Otolaryngol. Clin. N. Am. 2000, 33, 389–398. [CrossRef]
15. Gungor, A.; Adusumilli, V.; Corey, J.P. Fungal sinusitis: Progression of disease in immunosuppression—A

case report. Ear Nose Throat J. 1998, 77, 215. [CrossRef]
16. Kim, Y.K.; Kim, H.J.; Kim, H.Y.; Cha, J.; Lee, J.Y.; Chung, S.K.; Dhong, H.J.; Song, M.; Kim, S.T. Extrasinonasal

infiltrative process associated with a sinonasal fungus ball: Does it mean invasive fungal sinusitis?
Diagn. Interv. Radiol. (Ank. Turk.) 2016, 22, 347–353. [CrossRef] [PubMed]

17. Paknezhad, H.; Borchard, N.A.; Charville, G.W.; Ayoub, N.F.; Choby, G.W.; Thamboo, A.; Nayak, J.V.
Evidence for a ‘preinvasive’ variant of fungal sinusitis: Tissue invasion without angioinvasion. World J.
Otorhinolaryngol. Head Neck Surg. 2017, 3, 37–43. [CrossRef] [PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1177/194589240401800202
http://dx.doi.org/10.1007/s00405-007-0281-5
http://www.ncbi.nlm.nih.gov/pubmed/17361410
http://dx.doi.org/10.1016/j.jaci.2011.11.039
http://www.ncbi.nlm.nih.gov/pubmed/22206776
http://dx.doi.org/10.1002/lary.20578
http://www.ncbi.nlm.nih.gov/pubmed/19688860
http://dx.doi.org/10.1288/00005537-198005000-00003
http://www.ncbi.nlm.nih.gov/pubmed/7374304
http://dx.doi.org/10.1016/S0030-6665(00)80013-4
http://dx.doi.org/10.1177/014556139807700311
http://dx.doi.org/10.5152/dir.2015.15417
http://www.ncbi.nlm.nih.gov/pubmed/27283592
http://dx.doi.org/10.1016/j.wjorl.2017.01.003
http://www.ncbi.nlm.nih.gov/pubmed/29204577
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	References

