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Bilateral paranasal sinus fungal balls
A retrospective cohort study in 28 patients over a 21-year period
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Abstract 
Paranasal fungal balls are rare entities for which a recent increase in reported cases has been observed. Fungal balls are most 
commonly unilateral, and there are few bilateral cases in the literature. Here we report the clinical features of bilateral fungal balls 
in 24 patients treated in our institution over the past 20 years.

In this retrospective study, we reviewed the medical records of 5279 patients who underwent endoscopic sinus surgery 
performed by a single surgeon from January 1996 to December 2016 at a tertiary care center in order to identify patients 
diagnosed with fungal balls confirmed histopathologically. Demographic data and radiologic findings of patients with bilateral 
fungal balls were compared with those who had unilateral fungal balls. Multiple logistic regression test was used to compare 
demographic information between patients with unilateral and bilateral fungal balls.

The most commonly involved sinus in bilateral cases was maxillary (87.5%), followed by ethmoid (37.5%) and sphenoid (33.3%). 
Of the 24 patients, 19 were female, and patient age ranged from 45 to 83 years, with an average of 65.1 years. Common existing 
comorbidities were hypertension (45.8%), diabetes (29.2%), cardiac problem (16.7%), cerebral infarction (8.3%), pulmonary 
tuberculosis (8.3%), and lung cancer (4.2%).

The clinically relevant features of patients diagnosed with bilateral fungal balls from our review include advanced age and 
immunocompromised status compared to those with unilateral fungal balls. These features contribute to the clinical distinction of 
bilateral fungal ball disease from unilateral fungal balls and invasive fungal sinusitis.

Abbreviation: CT = computed tomography.
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1. Introduction
Paranasal fungal balls are the most common type of noninvasive 
fungal rhinosinusitis.[1] The most common causative organisms, 
Aspergillus can be inhaled through the respiratory tract, leading 
to colonization of the lung and paranasal sinus as part of our 
normal flora. Fungal balls from this organism usually occur uni-
laterally and can be differentiated from a malignant tumor on 
noncontrast computed tomography (CT) imaging by character-
istic calcification findings.[2,3]

Although Aspergillus fungal balls are typically solitary and 
affect a single sinus, there have been case reports of bilateral 
involvement or multiple distinct fungal balls.[4] Patients with 
paranasal fungal ball are usually immunocompetent despite not 
fully meeting diagnostic criteria.[2] Further investigation of bilat-
eral fungal balls is warranted to help characterize this disease.

In this study, we report 28 cases of bilateral fungal balls through 
our 21-year experience. We compare patient demographics, 

medical history, and radiographic findings in cases of bilateral 
fungus balls versus those of unilateral fungus balls.

2. Patients and Methods

2.1. Ethical considerations

The study was reviewed and approved by the institutional eth-
ical review board of Chonbuk National University Hospital, 
Korea (Institutional review Board no. CUH 2021-09-048), and 
conducted in compliance with the Declaration of Helsinki.

2.2. Subjects

All patients treated for bilateral fungal balls in the Department 
of Otorhinolaryngology, Chonbuk National University 
Hospital, between 1996 and 2016 were enrolled in this study. 
After Institutional review Board approval, retrospective chart 
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analysis was performed to obtain patient age, sex, clinical symp-
toms, laboratory data, and radiographic findings on CT scan. 
Abnormalities on CT imaging were then compared with spec-
imens obtained following surgical intervention, as described 
below.

2.3. Surgical technique

All patients were treated by functional endoscopic sinus sur-
gery under general or local anesthesia. An external approach 
was not performed. After finding the dark greenish grumous 
material in the sinuses, we suspected fungal ball intraopera-
tively, which was sent for fungal culture, permanent staining. 
We removed the remaining debris with suction, large curette, 
and saline irrigation. To avoid saline aspiration and the dis-
semination of debris in the airway, the nasopharyngeal open-
ing was obstructed with saline-soaked gauze. After surgery, 
we documented the affected sinus, demographic data, medical 
history, and CT findings.

2.4. Histologic criteria

The diagnosis of fungal ball was confirmed microscopically. 
Although hematoxylin–eosin staining was sufficient to detect 
fungal hyphae, either periodic acid-schiff or Gomory silver stain 
was also used to increase the sensitivity to detect fungi.

2.5. Statistical analysis

Multivariate analysis was performed on age, sex, and past his-
tory to determine the causative factors affecting bilateral fungal 
ball. A chi square test were used to compare the involved sinus 
between patients with unilateral and bilateral fungal balls. SPSS 
software (version 20.0) for Windows was used for all descrip-
tive analyses. P values of <0.05 were considered statistically 
significant.

3. Results

3.1. Incidence

In a total of 5279 patients who underwent endoscopic surgery 
between 1996 and 2016 at our center, the incidence of unilateral 
fungal ball was 6.9% (363/5279) and the incidence of bilateral 
fungal balls was 0.53% (28/5279; Table 1).

3.2. Demographics

The average patient age in bilateral cases was 65.1 ± 15.6 
years and was higher than the average age in unilateral cases, 
which was 57.8 ± 12.8 years, however, statistically insignificant 
(Table 1; P = .742, independent t test). Although female predom-
inance was noted in both groups (3:1 in bilateral cases, 1.7:1 in 
unilateral cases), the difference between the 2 groups was not 
statistically significant (P = .969, multiple logistic regression 
test; Table 1)

3.3. Underlying diseases

The proportion of patients with existing comorbidities was 
significantly higher in bilateral cases (25/28) than in unilat-
eral cases (207/363, P = .001, chi square test). Hypertension 
was the most common and significant comorbidity in bilateral 
fungal balls (18/28), compared to unilateral cases (P = .002, 
multiple logistic regression test). Patients who received che-
motherapy for solid tumors were significantly higher in the 
bilateral group. (P = .037, multiple logistic regression test; 
Table  1). History of cardiac problem and diabetes mellitus 

were also more prevalent in bilateral cases than in unilateral 
cases, however, statistically insignificant. The history of cere-
bral infarction, pulmonary tuberculosis, liver cirrhosis, kidney 
transplantation, and nasal trauma had no correlation with uni-
lateral or bilateral cases.

3.4. Radiologic finding

Of the 28 bilateral cases, 26 patients underwent CT imaging 
(Figs.  1 and 2). Marked calcification was seen in 21 patients 
(Fig. 1A). Of the remaining 5 patients, 4 had uneven, pop-out 
boundaries in the involved sinus, which we found to be radio-
logically predictive (Fig. 2). The maxillary sinus was the most 
commonly involved sinus (bilateral: 89.3%, unilateral: 84.3%), 
followed by the sphenoid sinus (bilateral: 21.4%, unilateral: 
10.7%) and ethmoid sinus (bilateral: 14.3%, unilateral: 10.2%; 
Table 1). We found a significant difference in the involved sinus 
between the 2 groups (P = .001, chi square test). We performed 
magnetic resonance imaging in 6 patients, and all cases demon-
strated a signal void within the involved sinuses in T2-weighted 
imaging (Fig. 1B).

4. Discussion
A unilateral sinus lesion evokes the differential diagnosis of 
malignancy, fungal ball, nasal polyp, and inverted papilloma.[5] 
In some cases, sinus debris can be biopsied during preopera-
tive endoscopy.[6] However, most cases of fungal ball are usu-
ally not detected by preoperative endoscopy.[2,7] Likewise, this 
can be applied in bilateral fungal balls, which has no expected 
clue preoperatively. We found the bilateral fungal balls by nasal 
endoscopy intraoperatively (Fig. 3). The first clue of paranasal 
bilateral fungal balls is the detection of brownish or greenish 
aggregate in the affected sinus, which has variable friability. Our 

Table 1 

Comparison of demography between bilateral and unilateral 
fungal balls.

P value 

1. Age distribution of fungal ball patients  
Bilateral fungal balls Unilateral fungal ball  
65.1 ± 12.7 yr 57.8 ± 11.8 yr .727
2. Sex distribution of fungal ball patients  
Bilateral fungal balls Unilateral fungal ball  
Male:female = 7:21 Male:female = 137:226 .969
3. Underlying disease  
Bilateral fungal balls (25/28) Unilateral fungal ball (207/363)  
Hypertension 18 Hypertension 91 .002
Diabetes mellitus 8 Diabetes mellitus 42 .229
Solid cancer 4 Solid cancer 26 .037
Cerebral infarction 0 Cerebral infarction 14 .999
Cardiac problem 4 Cardiac problem 17 .144
Pulmonary tuberculosis 2 Pulmonary tuberculosis 11 .279
Liver cirrhosis 0 Liver cirrhosis 1 .999
Kidney transplantation 0 Kidney transplantation 2 .999
Nasal trauma 0 Nasal trauma 20 .998
4. Involved sinuses
Bilateral fungal balls (n = 28) Unilateral fungal ball (n = 363) .001
Maxillary sinus 35 Maxillary sinus 306  
Sphenoid sinus 11 Sphenoid sinus 30  
Ethmoid sinus 10 Ethmoid sinus 27  
Maxillary–maxillary* 15    
Maxillary–ethmoid* 4    
Maxillary–sphenoid* 6    
Sphenoid–sphenoid* 3    

*Bilateral sinuses.
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purpose is to get more preoperative information throughout our 
21-year experience.

CT is the most common diagnostic tool to detect the presence 
of fungal balls.[3,8] The radiologic characteristics of paranasal 
fungal ball on CT are calcifications or a hyperattenuating area 
in the center of the sinus with enhanced inflamed mucosa.[1,3] In 
this study, the calcification of the involved sinus in bilateral fun-
gal balls was detected in 21 of 26 (80.8%) patients (Fig. 1A). 
Of the remaining 5 cases, we were able to make an informal 
diagnosis by correlating uneven pop-out boundaries within 
the sinus (Fig. 2). These features likely reflect the slow sapro-
phytic growth of the fungal aggregate. In this study, magnetic 
resonance imaging was performed in 6 bilateral cases. All cases 
showed a signal void in T2-weighted imaging (Fig. 1B).[3] This 
might be another important radiologic characteristic of fungal 
balls.

The maxillary sinus was the most commonly involved sinus 
in both in the bilateral and unilateral cases. However, sphenoid 
and ethmoid involvement was significantly more common in the 
bilateral group than in the unilateral group (P = .001).

To find the causative factor of the past history, we performed 
the multivariate logistic regression test. Medical history data 
from our study reveals that hypertension and chemotherapy for 
solid cancer are more prevalent in patients with bilateral fungal 
disease than in those with unilateral disease. Of these, history of 
chemotherapy for solid cancer is associated with immunocom-
promised status. Not as many as the invasive fungal sinusitis, 
the presence of immunocompromise in the bilateral fungal balls 
is so meaningful that careful history taking may be a diagnostic 
clue for bilateral fungal balls.[9]

Hypertension was the single most commonly observed 
comorbidity in the bilateral fungal ball disease. Although the 
mechanism by which hypertension causes fungal ball has not 
been elucidated yet, we have previously discussed the epidemi-
ological relationship between fungal ball and hypertension.[1] 
Peripheral resistance of the vessels in hypertension can affect 
paranasal sinuses, which results in hypoperfusion and decreased 
drainage of multiple sinus mucosa. Therefore, careful history 
taking is important for anticipating bilateral fungal balls.

The female predominance (2:1) seen in our study was similar 
to that in previous studies. However, the sex difference between 
bilateral and unilateral groups was not significant.

A limitation of this study is the retrospective methodology. 
However, the rareness of bilateral fungal balls makes prospec-
tive cohort studies difficult. Despite this weakness, this is the 
first clinical characterization of bilateral fungal balls in a single 
patient population.

5. Conclusion
The rareness of bilateral fungal balls complicates the diagno-
sis of this disease. Here we present several radiological, demo-
graphic, and comorbid characteristics of bilateral fungal balls 
that will contribute to our clinical knowledge of this disease. 
The clinically relevant features of patients with bilateral fun-
gal balls in this study include advanced age and immunocom-
promised status compared to those with unilateral fungal balls. 
These features contribute to the clinical distinction of bilateral 
fungal ball disease from unilateral fungal balls and invasive fun-
gal sinusitis. Future large-scale studies will hopefully corrobo-
rate and strengthen our conclusions.

Figure 1. (A) The calcification of the right ethmoid sinus and left sphenoid sinus was shown in CT image. (B) Signal voids in T2-weighted imaging were shown 
in the same sinuses. CT = computed tomography.

Figure 2. Uneven, pop-out boundaries within the right maxillary sinus (red 
star) exhibits retrogressive movement due to gravity, which is another diag-
nostic clue for fungal balls.
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Figure 3. Representative endoscopic image of bilateral fungal balls in the ethmoid sinus. (A) Whitish fungal debri was noted in the right ethmoid sinus (white 
arrow). (B) Dark brownish fungal ball was noted in the left ethmoid sinus (yellow arrow). MT = middle turbinate.


