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Abstract 
“Allergic fungal sinusitis (AFS)” is typically diagnosed using radiologic images like computed tomography (CT) scans and magnetic 
resonance imaging (MRI), with the “Hounsfield unit (HU)” in CT scans and T2-weighted images (T2WI) in MRI serving as reliable objective 
parameters. However, diagnosing AFS might be difficult because of possible signal changes and densities caused by variations in the 
secretion concentration in the sinus. Few studies have compared the diagnostic performance of MRI and CT scans. This study aimed 
to investigate the value of MRI signal intensity in evaluating AFS compared with CT HUs. This retrospective study included 111 patients 
with pathologically confirmed AFS who underwent CT imaging followed by MRI evaluation at King Saud Medical City, Riyadh, Saudi 
Arabia, from January 2012 to December 2022. Radiographic densities of sinus opacities on CT scan, including the mean HU values, 
and MRI findings, including signal voids on T1-weighted images and T2WI, were gathered and analyzed. To determine the efficacy of 
these radiographic characteristics in predicting the disease and the best cutoff value, we employed receiver operator characteristic 
curves. The mean age was 31.9 ± 15.6 years, and most patients were 74 females (66.7%). The main symptom was nasal obstruction 
in 73 patients (65.8%). In comparison, between HU and signal void on T2WI, there was moderate predictive performance [area under 
the curve: 0.856, P = .001]. An ideal HU cutoff value of 69.50 HU was obtained with a sensitivity of 100% and a specificity of 44.7%. 
However, the receiver operator characteristic for T1-weighted images could not be plotted, as no signal was avoided to predict AFS 
and it was not statistically significant (area under the curve: 0.566; P = .287). The study found a CT HU of 69.5 can predict MRI T2WI 
signal values with a void signal, aiding in diagnostic workup and evaluation for AFS.

Abbreviations: AFS = allergic fungal sinusitis, AUC = area under the curve, CT = computed tomography scan, HU = Hounsfield 
unit, MRI = magnetic resonance imaging, ROC = receiver operator characteristic, T1WI = T1-weighted images, T2WI = T2-weighted 
images.

Keywords: allergic fungal rhinosinusitis, computed tomography, diagnosis, Hounsfield units, magnetic resonance imaging, signal 
intensity, T2 mapping

1. Introduction
Fungal sinusitis refers to a wide spectrum of fungal diseases that 
affect approximately 20% of the population, with a wide range 
of clinical manifestations ranging from mild irritation to seri-
ous health problems and death.[1,2] There are several types of 

fungal sinusitis with classifications based on the degree of sinus 
invasion. There are 2 broad classifications of fungal sinusitis: 
noninvasive and invasive. The former has 3 unique subtypes: 
fungal balls (FB), saprophytic fungal sinusitis (SFS), and “aller-
gic fungal sinusitis (AFS).”[3] AFS accounts for 5 to 10% of all 
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chronic rhinosinusitis cases. Patients frequently report chronic 
rhinosinusitis, nasal polyps, inhaled atopy, and high total serum 
immunoglobulin E (IgE). Affected sinuses are typically clogged 
with inspissated brown or greenish-black allergic mucus. The 
extra mucosal “peanut buttery” allergic mucin contains intact 
and degenerating eosinophils, Charcot-Leyden crystals, cellular 
debris, and scant fungal hyphae.[4]

Over time, AFS has become an underdiagnosed clinical condi-
tion. An accurate diagnosis is required for appropriate therapy, 
which is often determined by a combination of characteristic 
clinical and radiologic imaging, notably computed tomography 
(CT) and magnetic resonance imaging (MRI), histopathologi-
cal findings, and immunologic characteristics of the disease.[4,5] 
Previous studies have shown CT findings typical of AFS, includ-
ing sinus opacification, mucocele formation, skull base erosion, 
and a hyper-attenuating AFS in the central sinus area.[6–8] Other 
studies have assessed the accuracy of objective measurements of 
sinus opacity densities, including Hounsfield units (HU), in pre-
dicting noninvasive chronic rhinosinusitis.[9–11] The reported MRI 
findings of AFS included low signal intensity on T1-weighted 
images (T1WI) and a signal void on T2-weighted imaging (T2WI) 
MRI (due to dense fungal concretions and heavy metals).[6,12,13] 
Because of its widespread availability, quick scan duration, and 
capacity to examine many organs simultaneously, CT scans are 
the most often utilized imaging modality for initial AFS diagnosis. 
However, few investigations have focused on the MRI findings of 
the AFS.[14] The “Hounsfield unit (HU)” in CT scans is a standard-
ized objective unit that may be used to measure remodeling and 
opacification in CT scans of bone sections in patients with AFS.[10] 
Furthermore, the signal loss in the core of the sinuses on T2WI in 
MRI corresponds to the central hyperdensity (high-attenuation 
areas) shown on CT scans, which is a feature of AFS.[15] However, 
identifying AFS may be difficult because of changes in the signals 
and densities produced by differences in secretion concentration 
in the sinus. As a result, we anticipated that the AFS signal inten-
sity MRI value would correspond with the HU in the CT scan 
and may predict the diagnosis. This study investigated the predic-
tion accuracy of objective measurements of radiographic density 
(HU) of paranasal sinus opacities obtained from preoperative 
sinus CT images to identify and forecast MRI signal intensities 
for diagnostic purposes.

2. Material and methods

2.1. Study design and exclusion criteria

A retrospective study included 111 patients with patholog-
ically confirmed AFS who underwent preoperative CT fol-
lowed by MRI evaluation at King Saud Medical City, Riyadh 
(KSMC), located in Riyadh, Saudi Arabia, from January 2012 to 
December 2022. Patients with incomplete data and those with 
no CT or MRI records were excluded.

2.2. Computed tomography (CT) scan image and protocol

Sinus CT images were evaluated using the Sante DICOM and 
Communications in Medicine viewer, and sinus soft tissue densities 
were detected using the elliptical selection tool.[9] Within each sinus 
opacity, the largest and most representative region of interest was 
measured, eliminating pockets of air, “frothy” patches, and bone or 
teeth. A minimum opacity size of 100 pixels was specified.[9,16] The 
average CT HU (HU avg) is a density measure in Hus.[9,17]

2.3. Magnetic resonance imaging (MRI) protocol and 
imaging analysis

Magnetic resonance imaging was performed using a 1.5-T unit 
(Signa Twin Speed Excite, GE Healthcare, Chicago, IL) with 
an 8-channel head coil. After an intravenous injection of 0.1 

mmol/kg of gadopentetate dimeglumine (Magnevist, Schering, 
Berlin, Germany), contrast-enhanced axial, coronal, and sagit-
tal T1-weighted spin-echo images were obtained. In the axial 
plane, contrast-enhanced T1-weighted imaging was used, 
with frequency-selective fat saturation. The imaging param-
eters of PNS MR were repetition time (TR)/echo time (TE), 
3000/126 ms; field of view (FOV), 194 × 230 mm; matrix, 
512 × 281; and slice thickness/gap, 4/1.2 mm for T2WI and 
TR/TE, 598/11 ms; FOV, 194 × 230 mm; matrix, 384 × 211; 
and slice thickness/gap, 4/1.2 mm for T1WI. Routine brain MR 
parameters on 3T (MAGNETOM Skyra; Siemens Healthcare) 
were TR/TE, 5190/91 ms; FOV, 194 × 230 mm; matrix, 
448 × 265; and slice thickness/gap, 5/2 mm for T2WI and  
TR/TE, 350/3 ms; FOV, 195 × 230 mm; matrix, 480 × 228; 
and slice thickness/gap, 5/2 mm for T1WI. The MRI protocol  
and imaging analysis were performed as previously reported 
by Wang et al[18]

2.4. Data collection

The collected data included demographic data (age and sex), 
main symptoms at presentation, Hounsfield unit on CT scan, 
presence or absence of low signal intensity on magnetic reso-
nance imaging T1-weighted images (MRI T1WI), and presence 
or absence of signal void on MRI T2WI.

2.5. Image analysis

The images were examined separately by 2 competent radiol-
ogists using the consensus approach. Reviewers determined 
(1) the soft tissue mass’s location, (2) multifocality, and (3) the 
HU on CT scans. In terms of MR imaging, T1WI and T2WI 
sequences were examined. Then, we assessed the signal strength 
of AFS on T1WI and T2WI as follows: signal void, hyposig-
nal intensity, hyper signal intensity, and heterogeneous signal 
intensity. Then, we compared the HU obtained by CT scan with 
observed the existence of the signal intensity component in 
T2WI and T1WI MRI.

2.6. Main outcome

To determine the efficacy of T1WI and T2WI signal intensity 
MRI images in comparison with HU values obtained by CT 
scans with reference to histopathological findings.

2.7. Statistical analysis

For quantitative data, mean and standard deviation were uti-
lized, whereas frequency and percentage were employed for 
qualitative variables. Weighted κ statistics were used to eval-
uate inter-observer agreement in evaluating HU on CT scans 
and MRI signal intensities based on signal voids on T2WI and 
T1WI images. ROC curves were interpreted for sensitivity, 
specificity, and accuracy. The area under the receiver operator 
characteristic (ROC) curve (AUC) was used to assess diagnostic 
performance, with AUC values >0.9, 0.7 to 0.9, and 0.5 to 0.7 
indicating strong, moderate, and low predictive capacity, respec-
tively. In addition, the parameter value at the maximum Youden 
index was used as the threshold for judging AFS, and the cor-
responding sensitivity, specificity, and accuracy were calculated. 
Statistical significance was set at 0.05. IBM SPSS version 25 
software (IBM Corp., Armonk, NY) was used for statistical 
analyses.

2.8. Ethical approval

Ethical approval was obtained from the ethics committee 
of King Saud Medical City (IRB Registration Number with 
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KACST, KSA: H-01-R-053 and IRB Registration Number U.S. 
Department of HHS IORG #: IORG0010374; June 14, 2023) 
in adherence to the Declaration of Helsinki. Informed consent 
was obtained from all participants, emphasizing their voluntary 
participation, anonymity, and confidentiality.

3. Result

3.1. Characteristics of study subjects

A total of 111 patients met our inclusion criteria and 
were included in this study. The mean age was 31.9 ± 15.6 
years (range 18–72 years), and most patients were female 
(n = 75, 66.7%). The main symptoms were nasal obstruc-
tion in 73 (65.8%) cases, followed by fungal sinusitis in 50 
(45.0%) cases (Table 1). The mean HUs on the CT scan were 
248.4 ± 124.4 HU (range 43.0 to 435.0 HU) (Figs. 1–3). Inter-
observer agreement for signal void evaluation on T2WI and 
T1WI was significant and nearly perfect (κ = 0.78 and 0.89, 
respectively).

3.2. Association between signal void on MRI T2WI and HU 
in CT scan

The association between HU obtained by CT and signal inten-
sity on T2WI was statistically significant (P < .001) (Table 2). 
When HU in the CT scan and signal void on MRI T2WI were 
compared (where the signal void was coded as 1, whereas all 
other values were coded as 0), the T2WI value was positively 
correlated with HU (R = 0.43, P < .001). Furthermore, ROC 
curve analysis showed moderate predictive performance. HU 
yielded a significantly higher AUC value of 0.856 (95% con-
fidence interval, 0.725 to 0.901, P = .001) in the ROC curve 
analysis. This also resulted in higher sensitivity (95.31%) and 
specificity (74.47%). The Youden index was used to select the 
best cutoff point based on the optimal sensitivity and specificity 
to discriminate AFS, showing that the threshold of HU value 
distinguishing AFS was 69.50 HU, with a sensitivity of 100%, 
specificity of 44.7%, and accuracy of 77.6% (Fig. 4). This shows 
that with the signal void in MRI T2WI, HU in the CT scan can 
be used to predict AFS.

3.3. Association between the low signal intensity on 
MRIT1WI and HU

The association between HU obtained by CT and signal intensity 
on T1WI was not statistically significant (P = .859) (Table 3). In 
the assessment of AFS, the ROC curve cannot be plotted for 
“signal void,” as no MRI T1WI shows this signal intensity. 
Furthermore, the T1WI value was negatively correlated with 
HU (r = −0.35, P = .278).

However, when the low-intensity signal was coded as 1 
and the rest as 0, and the predictive capability of CT HU for 
MRI T1WI was determined, the ROC curve for T1WI value 
in predicting AFS showed a low predictive performance. HU 
yielded a low AUC value of 0.576 (95% confidence interval, 
0.440 to 0.693; P = .287). This also resulted in higher sensi-
tivity (68.33%) and specificity (56.67%). The Youden index 
was used to select the best cutoff point based on the optimal 
sensitivity and specificity to discriminate AFS, showing that the 
threshold of HU value distinguishing AFS was 32.50 HU, with 
a sensitivity of 100% and specificity of 93.8% (Fig. 5). Thus, 
rendering this ROC as one with poor predictive ability for iden-
tifying AFS.

4. Discussion
Before sinonasal surgery, high-resolution CT and MRI can 
provide valuable information regarding the surgical strategies. 
Opacification is frequently observed on radiographs of fungal 
sinus infections. Invasive fungal lesions have T2 signal voids on 

Table 1

Patients’ demographic characteristics of patients.

Variables N (%)

Age, mean ± SD 31.9 ± 15.6 (range 18–72)
Gender
  Female 74 (66.7%)
  Male 37 (33.3%)
Sinus involvements
  Solitary involvements 74 (66.7%)
   Maxillary 52 (46.8%)
   Sphenoidal sinus 22 (19.8%)
  Multiple involvements 37 (33.3%)
Maxillary + ethnoidal sinuses 10 (9.0%)
Ethmoidal + sphenoidal sinuses 14 (12.6%)
Bilateral maxillary sinuses 9 (8.1%)
Bilateral sphenoidal sinuses 4 (3.6%)
Main symptoms*
  Headache 77 (69.4%)
  Rhinorrhea 55 (49.5%)
  Nasal dripping 51 (45.9%)
  Nasal obstruction 41 (36.9%)
  Hyposmia 16 (14.4%)
Comorbidities
  History of malignancy 5 (4.5%)
  Diabetes mellitus 4 (3.6%)
  Immunosuppression 3 (2.7%)
  Hounsfield units, mean ± SD 248.4 ± 124.4 (range 43.0–435.0)

*Some patients had multiple symptoms.

Figure 1. A 22-year-old male presented with a headache and signs of nasal obstruction. (A) An axial CT scan showed complete opacification of the para-
nasal sinuses, as seen in the bilateral maxillary sinuses and nasal cavity, with a high density of 119 HU in the left maxillary sinus. (B) Non-contrast MRI T1WI 
showed iso-signal intensity with foci of low signal intensity in the left maxillary sinus and (C) signal void T2WI with mixed density in the right maxillary sinus. 
Histopathology-proven fungal sinusitis. CT = computed tomography scan, HU = Hounsfield unit, MRI T1WI = magnetic resonance imaging T1-weighted images.
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MRI, matching CT opacification and intrasinus or nasal fungal 
components.[14] However, no clear criteria have been established 
for AFS diagnosis using CT-HU versus MRI signal intensity. 
In this study, we investigated the value of MRI signal inten-
sity in evaluating AFS compared to CT Hounsfield units. Our 
results showed that the HU was significantly associated with 
MRI T2WI signal values when the signal was void only, yield-
ing data showing that above a CT HU of 69.5, the MRI signal 
can be predicted with a void signal and used for the diagnostic 
workup and evaluation of AFS. Similar findings of low signal 
intensity or signal void of AFS on T2WI have been reported 
previously.[14,15,19]

In this study, the mean age was 31.9 ± 15.6 years, and most 
cases (66.7%) were female. Our findings revealed that AFS 
patients were younger, affecting more women than men, consis-
tent with previous studies by Meng et al and Dubois et al.[15,20] 
Individuals with AFS exhibit chronic rhinosinusitis symptoms, 
such as nasal congestion, sinus discomfort, and discharge. These 
persistent, recurring, and resistant therapies persist for over 3 
months, which is consistent with our results.[19]

The radiologic features of noninvasive fungal sinusitis have 
been discussed in both radiological and otolaryngological 

studies. Early findings focused on bone damage, which was best 
assessed with CT.[8,21] CT scan features are frequently considered 
to correspond to MRI signal intensities, resulting in the diagno-
sis of chronic rhinosinusitis based on subjective interpretations. 
High-density sinuses are frequently linked to fungal illness, 
although they should be assessed alongside other clinical signs 
if fungal disease is suspected.[22] For example, hyperattenuating 
sinuses, nasal polyps, and serum antiseptic IgE predicted AFS 
with a sensitivity of 70% and a specificity of 100%. However, 
MRI characteristics can aid in the identification of AFS in unde-
termined cases.[15,23]

The mean HU in this study was 248.4 ± 124.4 HU (range 
43.0–435.0 HU), indicating that HU values in fungal lesions 
were high. Generally, diseases causing opacification on images 
increase HU levels in affected tissues. In chronic rhinosinusitis 
patients, HU values in the medial wall of the maxillary sinus 
were lower due to osteitis, while HU values increased in indi-
viduals with greater mucosal and sinus wall thickness.[24] Emre 
et al discovered that HU values in the medial wall of the maxil-
lary sinus in chronic rhinosinusitis patients were 200.2 ± 24.86 
HU.[25] In another study, HU values were measured inside 
sphenoid sinus lesions, and the maximum HU in patients with 

Figure 2. A 15-year-old male presented with a severe headache. (A) An axial CT scan showed expansion and complete opacification of bilateral sphenoid 
sinuses with a density of 29 and 31 HU in the right and left sphenoid sinuses, respectively. (B) Non-contrast MRIT1WI showed corresponding iso-signal intensity 
opacities with (C) predominantly high signal intensity in MRI T2WI. Histopathology has proven nonfungal. CT = computed tomography scan, HU = Hounsfield 
unit, MRI T1WI = magnetic resonance imaging T1-weighted images.

Figure 3. A 43-year-old male presented with a loss of smell and signs of nasal obstruction. (A) An axial CT scan showed complete opacification of bilateral 
maxillary sinuses with a density of 36 HU. (B) Non-contrast MRI T1WI showed isos-signal intensity corresponding to maxillary sinus opacities and (C) MRI T2WI 
showed areas of low and high signal intensities. Histopathology has proven a carcinoid tumor. CT = computed tomography scan, HU = Hounsfield unit, MRI 
T1WI = magnetic resonance imaging T1-weighted images.

Table 2

Correlation between T2-weighted image and Hounsfield unit.

T2-weighted 
images Total

Hyposignal 
intensity (N = 16)

Signal void 
(N = 64)

Heterogeneous signal 
intensity (N = 20)

Hypersignal 
intensity (N = 11) P-value

Hounsfield unit, 
Mean (SD)

89.7 (31.3) 75.6 (37.6) 105.8 (17.2) 72.0 (33.1) 49.1 (17.4) <.001
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chronic rhinosinusitis patients was 435.08 ± 269.33 HU.[10] In 
another study by Zinreich et al, the reported HU for AFS was 
122.2 ± 8.2 HU. The lowest representative CT number was 
89.0 ± 7.84 HU; the highest was 211.4 ± 7.25 HU; and the 
mean was 122.2 ± 8.1 HU.[26] The discrepancy in obtaining HU 
in different studies may be due to variations in HU values in the 
different sinuses and radiation exposure in CT. Generally, HU 
values rise in individuals with greater mucosal and sinus wall 
thickness.[26–28]

A recent review mentioned that whenever fungal material 
is present, the sinus content exhibits a low STIR signal and a 
middle-to-high signal on T1WI. The T2WI low signal or signal 
void is caused by metal concentration as well as high protein 
and low free water content.[29] In our study with MRI T2WI, 
CT HU could be used to predict the MRI signal intensity in 
evaluating AFS. Receiver operating characteristic (ROC) curve 
analysis showed moderate predictive performance. HU yielded 
a significantly higher AUC value of 0.856 (95% confidence 
interval, 0.725 to 0.901, P = .001) in the ROC curve analysis. 
This also resulted in higher sensitivity (95.31%) and specific-
ity (74.47%). An ideal CT HU cutoff value of 69.50 HU was 
obtained with a sensitivity of 100% and specificity of 44.7%. 
The inflamed mucosal lining of the paranasal sinuses (PNSs) 
also displayed hypersignal intensity thickening along the sinus 
walls on T2WI. However, researchers hypothesize that this 
thickening may be misinterpreted as nonfungal chronic sinus-
itis.[14] Our results were similar to those of previous reports, 

such as Wang et al, who reported that T2WI value is a prom-
ising imaging biomarker for predicting eosinophilic chronic 
rhinosinusitis with nasal polyps.[18] Another study examined 
CT and MRI results in ten individuals with AFS. All patients 
had significant attenuation in the central sinus on CT and 
T2WI MR signal voids, demonstrating that AFS is a separate 
clinical entity with a highly distinctive radiographic presen-
tation.[6] In a study by Wang et al, the ROC curve of T2WI 
value for predicting chronic rhinosinusitis had an AUC of 
0.78.[18] Additionally, a recent study by Meng et al reported 
that MRI has a high diagnostic rate (100%).[15] Seo et al found 
that 94.1% of 17 patients had low T2WI signal intensity, while 
Nomura et al identified fungus balls with 100% sensitivity 
using hypo-signal intensity.[30,31] This signal void in T2WI has 
been attributed to magnesium and iron, which are essential for 
fungal development.[23]

Theoretically, the T1WI value is correlated with the degree of 
tissue fibrosis and will differ between chronic allergic rhinosi-
nusitis and non-chronic rhinosinusitis. However, no significant 
difference in T1WI signal void values was observed in our study. 
These results may be due to the diffuse, variable presentation of 
AFS in T1WI MR images,[23] which varied from high to low sig-
nal intensity. Similar findings were reported by Wang et al[18] and 
Guo et al.[32] In the Guo et al study, T1WI was associated with 
poor predictive performance (AUC value of 0.625), suggesting 
the difficulty in identifying the T1WI endotype in patients with 
chronic rhinosinusitis with nasal polyps.[32]

4.1. Study limitations

The main limitation of this study is its reliance on secondary 
data, the quality of which can be inconsistent due to variations 
in documentation, data integrity, and record-keeping practices. 
Furthermore, the retrospective nature of the study and lack of a 
control group may have introduced inherent biases. Excluding 
records with incomplete data could also introduce a selection 
bias into the analysis. Additionally, the analysis did not com-
pare symptom severity, suggesting a need for a more in-depth 
investigation to determine the predictive power of radiographic 
density measurement and MRI signal voids in AFS. To mitigate 
these limitations and provide more robust findings, we recom-
mend conducting a prospective study with a larger sample size 
and a control group.

5. Conclusion
Our results showed that HU was significantly associated with 
MRI T2WI signal values when the signal was void only, yield-
ing data showing that above a CT HU of 69.5, the MRI signal 
can be predicted with a void signal and used for the diagnostic 
workup and evaluation of fungal rhinosinusitis. Additionally, 
there was no correlation between HU density and MRIT1WI, 
and we could not rely on the T1WI signal intensity to predict 
fungal rhinosinusitis.
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