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Introduction

Fungal rhinosinusitis comprises a broad range of fungal 
infections that vary in severity from minor symptoms 
to potentially lethal outcomes. The upper and lower 
airways often experience fungal colonization due to the 
widespread distribution of fungal spores in the atmos-
phere. Aspergillus species are the most common orga-

1
nisms that inhabit the sinuses.  In Pakistan, reported 

2prevalence of allergic fungal sinusitis was 23.7%.  Fungal 
sinusitis is a rare condition that occurs in individuals 
with weakened immune systems. While acute and chro-
nic invasive fungal sinusitis exhibit distinct clinical 
characteristics and radiological imaging findings, both 
conditions are associated with equally elevated rates 

of mortality and morbidity in patients. Hence, timely 
recognition and proactive intervention are crucial. Uti-
lizing diagnostic techniques and accurately interpreting 

3imaging results aids in averting lethal consequences.

The significance of CT PNS in fungal sinusitis is crucial 
for ENT surgeons and has been extensively debated 
in the literature. Sinusitis is a very widespread illness, 
and a significant proportion of cases are caused by fungal 
infection, contrary to the conventional perception that 
fungal sinusitis is seldom observed. Fungal sinusitis 
may be categorized into two groups: invasive and non-
invasive, based on the presence of fungal hyphae inside 

4
or beyond the mucosa.  In the invasive type, hyphae 
may be seen infiltrating the mucosa. Depending on the 
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Table 1:  Basic information of patients enrolled in 
the screening (n=153)

Characteristics n %

Age (Mean & SD) 39.38 ± 7.05

Gender Males 87 56.9

Females 66 43.1

Lateral side 

involved

Unilateral 90 58.8

Bilateral 63 41.2

Area of 

residence

Rural 57 37.3

Urban 39 25.5

Semi-urban 42 27.5

Industrial area 15 9.8

Occupation Business 34 22.2

Job / servant 59 38.6

Farmer 22 14.4

Housewife 38 24.8

Season Summer 44 28.8

Winter 38 24.8

Spring 42 27.5

Autumn 29 19.0

Social Class Low 76 49.7

Middle 56 36.6

intensity and length, it is categorized as acute invasive 
fungal sinusitis, chronic invasive fungal sinusitis, and 

5
granulomatous invasive fungal sinusitis.  The non-
invasive type of hyphae does not penetrate the mucosa. 
This category covers conditions such as allergic fungal 
sinusitis and sinus fungal mycetoma. Mucormycosis is 
the causal organism of the invasive variant, although 
both invasive and non-invasive forms are present in 

6aspergillus.

The typical sequence of sinus involvement typically 
begins with the maxillary and ethmoid sinuses, and is 
then followed by the sphenoid sinus. Most of these indi-
viduals have unilateral involvement of several sinuses. 
Involvement of the posterior ethmoid air cells or sphe-
noid sinus increases the likelihood of intracranial exten-

7sion.  Diagnostic imaging of paranasal sinuses is essential 
for accurately diagnosing and planning surgery for 
sinusitis, since a comprehensive clinical examination 
of the sinuses is difficult due to the presence of surroun-

8
ding bony structures.  Cross-sectional imaging (CT/MRI) 
not only helps in diagnosing fungal sinusitis but also 
maps out intra-orbital and/or intracranial spread which 
is crucial for medical/surgical management. In addition, 

9it guides about the prognosis of the disease.  

The primary methods used to identify fungal sinusitis are 
computed tomography (CT) and magnetic resonance 
imaging (MR). CT is the most effective method for asse-
ssing changes in bone structure, whereas MRI is more 

10suitable for detecting alterations in soft tissues.  The 
computed tomography (CT) features of fungal sinusitis 
consist of either unilateral or bilateral opacification of 
the sinuses, thickening of the soft tissues in the sinuses 
and the mucosa of the lateral nasal wall, together with 
erosion of the bone. In more severe cases, the infection 
may extend into the intracranial and/or intra-orbital 
regions.

Methods

This cross sectional retrospective study was conducted 
at Benazir Bhutto Hospital, Rawalpindi from July 2022 
to July 2023. Sample size of 153 cases was estimated 
with 95% confidence level, 7% absolute precision requi-

2red and prevalence of fungal sinusitis was 23.7%.  All 
the individuals were enrolled through non-probability, 
consecutive sampling, who fulfilled selection criteria. 
Data of 153 individuals was collected who underwent 
CT PNS, Endoscopy and histopathology. Clinical infor-
mation and relevant medical records were collected. 
Endoscopy and histopathology record of these patients 
was collected through collaboration of ENT Department 
of Benazir Bhutto Hospital. Inclusion criteria included 
all the individuals with clinical diagnosis of fungal 
sinusitis.

Ct Imaging Protocol: A CT scan is conducted with 

narrow collimation ranging from 0.5 to 1 mm in the axial 
plane, and multiplanar reconstructions are obtained in 
the coronal and sagittal planes. To thoroughly evaluate 
the sinuses and nearby structures, we do reconstructions 
of both the soft tissue and bone windows. This allows 
us to analyze any expansion beyond the sinuses and 
any erosion of the bones. Data of CT PNS was retrieved 
from computerized database of the Radiology and Medical 
Imaging department and reports were interpreted by 
highly qualified Radiologist. Data was analyzed in SPSS 
version 26. 2×2 tables were developed to calculate 
accuracy of CT PNS against endoscopy and histopa-
thology.

Results

The mean age of individuals was 39.38 ± 7.05 years. 
Out of 153 individuals, 87 (56.9%) were males and 66 
(43.1%) were females. In about 90 (58.8%) individuals, 
the disease was unilateral whereas, in 63 (41.2%) indivi-
duals, the disease was bilateral. Out of 153 individuals, 
57 (37.3%) belonged to rural area, 39 (25.5%) were 
residing in urban area, 42 (27.5%) we coming from 
semi-urban region while 15 (9.8%) had residence in 
industrial area. Out of 153 individuals, 34 (22.2%) were 
doing either high scale or low scale business, 59 (38.6%) 
were doing job or working as maid or servants, 22 (14.4%) 
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(A) (B) (C)

Table 4:  Accuracy of CT PNS versus histopathology 
for diagnosis of fungal sinusitis

Histopathology
Total

Positive Negative

CT 

PNS

Positive 113 9 122

Negative 6 25 31

Total 119 34 153

were farmers and 38 (24.8%) were housewives. Forty 
four (28.8%) individuals presented during summer 
season, 38 (24.8%) presented during winter season 
with symptoms, 42 (27.5%) presented during spring 
season and 29 (19.0%) individuals presented in autumn 
season. Out of 153 individuals, 76 (49.7%) belonged 
to low socioeconomic class, 56 (36.6%) belonged to 
middle class and 21 (13.7%) from high socioeconomic 
class. Table 1

On CT PNS, out of 153 individuals, 122 (79.7%) indi-
viduals were positive for fungal sinusitis but 31 (20.3%) 
were found negative. On endoscopy, out of 153 indivi-
duals, 119(77.8%) individuals were positive for fungal 
sinusitis but 34 (22.2%) were found negative. On histo-
pathology, 119 (77.8%) were positive and 34 (22.2%) 
were negative. (Table 2)

Thus, against endoscopy, CT PNS showed sensitivity 
and specificity of 95% and 73.5%, respectively. CT 
PNS also showed PPV and NPV of 92.6% and 80.6%, 
respectively. The overall diagnostic accuracy of CT 
PNS was 90.2% against endoscopy. (Table 3)

Similar findings were observed with histopathology. 
Against histopathology, CT PNS showed sensitivity 
and specificity of 95% and 73.5%, respectively. CT 
PNS also showed PPV and NPV of 92.6% and 80.6%, 
respectively. The overall diagnostic accuracy of CT 
PNS was 90.2% against histopathology. Table 4

CT PNS of 38 years (A) , 42 years (B)  and 45 years 
(C) old males showing predominantly unilateral disease 
with superadded fungal infection each with positive 
endoscopy and histopathology findings. Axial image 
(A) shows erosion of medial wall of sinus with extension 
of disease into nasal cavity and nasophayngeal space. 
Axial Image (B) shows bilateral sinus disease with left 
sided super-added hyperdensity (C) Coronal reformatted 
images with left sided disease with sinus expansion 
with super-added hyperdensity, suggestive of fungal 
sinusitis

Discussion

The fungi are common saprophytic micro-organisms 
and fungal sinusitis is usually acquired by inhalation 

11
of fungal spores.  Any age group may get infected, how-
ever symptoms vary depending upon the immunity 

12
status of the diseased individual.  Unilateral paranasal 
sinus involvement is a typical occurrence in cases of 
fungal sinusitis. The maxillary sinus is often affected in 
cases of fungal rhinosinusitis, perhaps due to its lower 
location in the middle meatus compared to other sinus 

12
openings, which facilitates the entry of germs.

For timely diagnosis and accurate characterization of 
PNS fungal infection, role of CT scan is pivotal. It is also 
helpful in establishing the extent of disease process 
which further guides the surgeon for better approach 

13
to be used.  CT scan is the imaging modality of choice 
for sinonasal structures either for the assessment of con-
genital variation or for infective etiologies, for benign 
or sinister causes and for their spread and complications. 
CT scan is, so far, the best modality in determination 
of skeletal involvement including bone expansion, thin-

14ning or destruction.  PNS Endoscopy is superior in the 
evaluation of localized disorders like thickened mucosa, 
polyps, blocked secretion, intranasal/sinus masses while 
CT scan gives much better evaluation and assessment 
of the osteomeatal complex , skeletal erosions, intra-
orbital and/or intra cranial extension of the disease 

15 
processes.

On imaging soft tissue opacification with areas of hyper-
dense attenuation and bony expansion is a major clue 
to diagnosis out of 153, 128 individuals showed sinus 
expansion. All of the individuals had soft tissue attenua-
tion with hyperdense areas on CT scan. Results were 
compared to a similar study conducted by Nicolai. A 
total of 160 individuals diagnosed with sinonasal fungal 
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Table 2:  Findings on Radiological and 
histopathological examination (n = 153)

CT PNS Endoscopy Histopathology

n 153 153 153

Positive 122(79.7%) 119(77.8%) 119 (77.8%)

Negative 31 (20.3%) 34 (22.2%) 34 (22.2%)

Endoscopy
Total

Positive Negative

CT 

PNS

Positive 113 9 122

Negative 6 25 31

Total 119 34 153

Table 3:  Accuracy of CT PNS versus endoscopy 
for diagnosis of fungal sinusitis
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ball underwent treatment using an exclusively endo-
scopic method in this research. Preoperative computed 
tomography (CT) and/or magnetic resonance imaging 
was performed on all individuals. The research deter-
mined that Endoscopic surgery is a secure and efficient 
therapy for paranasal sinuses fungal ball. An accurate 
imaging examination using magnetic resonance imaging 
and/or CT may determine the diagnosis by detecting 

16fungal hyphae in histology.

In our study, we observed that CT PNS had sensitivity 
and specificity of 95% and 73.5%, respectively for 
diagnosis of fungal sinusitis. The overall diagnostic 
accuracy of CT PNS was 90.2% against endoscopy. 
All these findings are comparable to similar study con-
ducted by Khattar. Approximately half the cases occur 
unilaterally. The sinuses are expanding, causing a dec-
rease in the space of the surrounding compartments like 
the orbit. This expansion may also lead to changes in 
the structure or weakening of the bone edges around 

17
the lesion.

In a study in 2015 by Middlebrooks et al., a seven variable 
model of imaging findings was devised on CT to diag-
nose acute invasive fungal rhinosinusitis. They found 
that the presence of abnormality in a single variable in 
the model had an 87% PPV, 95% NPV, 95% sensitivity, 
and 86% specificity. The presence of abnormality in 

18 
two variables increased PPV and specificity to 100%.

In another earlier study, Iqbal et al., found that the CT 
PNS had sensitivity, specificity, PPV and NPV of 96.19%, 
93.33%, 99.01%, 77.77%, respectively. The diagnostic 

13accuracy was 95.83% for diagnosis of fungal sinusitis.  
Recently, Aziz et al., conducted a study and found that 
CT PNS had sensitivity, specificity, PPV, NPV and diag-
nostic accuracy of CT scan Paranasal sinuses were 96.72%, 

8
95.0%, 96.20%, 95.68% and 95.98%, respectively.

Conclusion 

Thus CT PNS serves as a good diagnostic tool for detec-
tion of fungal sinusitis and a reliable guide for the surgeon, 
since diseases confined to the nose and paranasal sinuses 
may be effectively done under endoscopic techniques. 
So in future, we can recommend and implement use 
of CT PNS as first line diagnostic tool and replace inva-
sive methods that require expertise, specific environment 
and expenses.

Ethical Approval: The IRB/EC approved this study 
via letter no. 630/IREF/RMU/2024 dated 01-03-2024.

Conflict of Interest:  None 

Funding Source:   None   

Authors’ Contribution: Role and contribution of authors 
followed ICMJE recommendations

References
1. Gorovoy IR, Kazanjian M, Kersten RC, Kim HJ, Vagefi 

MR. Fungal rhinosinusitis and imaging modalities. 
Saudi J Ophthalmol. 2012;26(4):419-26.

2. Dhanani R, Ghaloo SK, Salam B, Pasha HA, Yousuf 
FH, Ikram M. Prevalence of allergic fungal sinusitis 
among patients with nasal polyposis. J Pak Med Assoc. 
2021;71(6):1605-7.

3. Bulut HT, Kaplan E, ÇORAPLI M. Acute and chronic 
invasive fungal sinusitis and imaging features: A review. 
J Surg Med. 2021;5(12):1214-7.

4. Aribandi M, McCoy VA, Bazan III C. Imaging features 
of invasive and noninvasive fungal sinusitis: a review. 
Radiographics. 2007;27(5):1283-96.

5. Chakrabarti A, Denning DW, Ferguson BJ, Ponikau J, 
Buzina W, Kita H, et al. Fungal rhinosinusitis: a catego-
rization and definitional schema addressing current 
controversies. Laryngoscope. 2009;119(9):1809-18.

6. Reddy CEE, Gupta AK, Singh P, Mann SB. Imaging of 
granulomatous and chronic invasive fungal sinusitis: 
comparison with allergic fungal sinusitis. Otolaryngol 
Head Neck Surg. 2010;143(2):294-300.

7. Mathur S, Karimi A, Mafee M. Acute optic nerve 
infarction demonstrated by diffusion-weighted 
imaging in a case of rhinocerebral mucormycosis. 
Am J Neuroradiol. 2007;28(3):489-90.

8. Aziz M, Mailk S, Manzoor M, Aziz S, Aziz M, Manzoor 
M. Diagnosis of Fungal Sinusitis; is Fungal Culture a 
Must? Pak Armed Forces Med J. 2023;73(2):418-21.

9. Manchanda S, Semalti K, Bhalla AS, Thakar A, Sikka K, 
Verma H. Revisiting rhino-orbito-cerebral acute inva-
sive fungal sinusitis in the era of COVID-19: pictorial 
review. Emerg Radiol. 2021;28(6):1063-72.

10. Meng Y, Zhang L, Piao Y, Lou H, Wang K, Wang C. The 
use of magnetic resonance imaging in differential diag-
nosis of allergic fungal sinusitis and eosinophilic mucin 
rhinosinusitis. J Thor Dis. 2019;11(8):3569.

11. Deutsch PG, Whittaker J, Prasad S. Invasive and non-
invasive fungal rhinosinusitis—a review and update 
of the evidence. Medicina. 2019;55(7):319.

12. Suresh S, Arumugam D, Zacharias G, Palaninathan S, 
Vishwanathan R, Venkatraman V. Prevalence and cli-
nical profile of fungal rhinosinusitis. Allerg Rhinol. 
2016;7(2):156.

13. Iqbal J, Rashid S, Darira J, Shazlee MK, Ahmed MS, 
Fatima S. Diagnostic accuracy of CT scan in diagnosing 
paranasal fungal infection. J Coll Physicians Surg Pak. 
2017;27(5):271-4.

14. Kandukuri R, Phatak S. Evaluation of sinonasal diseases 
by computed tomography. J Clin Diag Res. 2016; 10(11): 
TC09.

15. Nathan K, Majhi SK, Bhardwaj R, Gupta A, Ponnu-
samy S, Basu C, et al. The Role of Diagnostic Nasal 
Endoscopy and a Computed Tomography Scan (Nose 
and PNS) in the Assessment of Chronic Rhinosinusitis: 
A Comparative Evaluation of the Two Techniques. 
Sinusitis. 2021;5(1):59-66.

J Pak Soc Intern Med

Page -748Vol. 05 Issue, 04 October - December 2024



16. Nicolai P, Lombardi D, Tomenzoli D, Villaret AB, 
Piccioni M, Mensi M, et al. Fungus ball of the paranasal 
sinuses: experience in 160 patients treated with endo-
scopic surgery. Laryngoscope. 2009;119(11):2275-9.

17. Khattar VS, Hathiram B. Radiologic appearances in 
fungal rhinosinusitis. Otorhinolaryngol Clin. 2009; 
1: 15-23.

18. Khullar T, Kumar J, Sindhu D, Garg A, Meher R. CT 
Imaging Features in Acute Invasive Fungal Rhinosinu-
sitis- Recalling the Oblivion in the COVID Era. Cur 
Prob Diag Radiol. 2022;51(5):798-805.

J Pak Soc Intern Med

Page -749Vol. 05 Issue, 04 October - December 2024


	Page 72
	Page 73
	Page 74
	Page 75
	Page 76

