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ARTICLE INFO ABSTRACT

Keywords: Purpose: To assess the impact of the updated Bosniak classification (BC2019) for cystic renal masses (CRMs) on
2019 Bosniak classification interobserver agreement between radiologists and urologists and the diagnostic value of adding MRI to CT ex-
Cystic renal mass amination (combined CT/MRI).

Magnetic resonance imaging

. Method: This study included 103 CRMs from 83 consecutive patients assessed using contrast-enhanced CT and
Renal cell carcinoma

MRI between 2010 and 2016. Nine readers in three groups (three radiologists, three radiology residents, and
three urologists) reviewed CT alone and the combined CT/MRI using BC2019. Bosniak category was determined
by consensus in each group for diagnosing malignancy, with a cut-off category of ZIII. Interobserver agreement
was assessed using Fleiss’ kappa values. The effect of CT or combined CT/MRI on the diagnosis of malignancy
was assessed using McNemar’s test.

Results: Interobserver agreement of BC2019 for CT alone was substantial for radiologists and residents, moderate
for urologists (0.77, 0.63, and 0.58, respectively). Interobserver agreement of BC2019 for combined CT/MRI was
substantial for all three groups (radiologists: 0.78; residents: 0.65; and urologists: 0.61). Among residents, the
sensitivity/specificity/accuracy rates of combined CT/MRI vs. CT alone were 82.1/74.7/76.7% vs. 75.0/66.7/
68.9%, and specificity and accuracy were significantly higher for combined CT/MRI than that for CT alone (p =
0.03 and 0.008, respectively). Similarly, sensitivity/specificity/accuracy values were significantly higher for
combined CT/MRI among urologists (78.6/73.3/74.8% vs. 64.3/64.0/64.1%, p = 0.04/0.04/0.008). However,
sensitivity/specificity/accuracy did not significantly differ between the two among radiologists (89.3/74.7/
78.6% vs. 85.7/73.3/76.7%, p = 0.32/0.56/0.32).

Conclusions: Combined CT/MRI is useful for diagnosing malignancy in patients with CRMs using BC2019,
especially for non-expert readers.

Tomography

Abbreviation: Combined CT/MRI, adding MRI to CT examination; CRM, Cystic renal mass; CT, Computed tomography; MRI, Magnetic resonance imaging; SSFSE,

Single-shot fast spin-echo imaging; TIWI, T1-weighted imaging; T2WI, T2-weighted imaging.
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1. Introduction

The Bosniak classification system was first described in 1986 for
computed tomography (CT)-based risk stratification of cystic renal
masses (CRMs) according to the probability of malignancy [1]. This
framework was intended to improve the ability of radiologists and other
physicians to differentiate between benign and malignant CRMs [1-4]
and guide the clinical management by radiologists and urologists [5,6].
After its introduction, the classification system was modified to include
category IIF in the 2005 Bosniak classification, thus allowing a subset of
CRMs to be followed up during imaging surveillance because of their
low probability of malignancy [7-11]. However, the original Bosniak
classification needed further improvement as it did not include any
criterion for magnetic resonance imaging (MRI) evaluation and exhibi-
ted interobserver variability [12-16]. A recent meta-analysis by Schoots
et al. demonstrated that the interobserver variability of the original
Bosniak classification system ranged from 6 to 75%, possibly due to the
unclear definitions of the criteria in each category [17].

The Bosniak classification system was updated in 2019 to address
these shortcomings by incorporating the criteria for MRI and detailing
subjective evaluation criteria [4,5,18]. Compared to the 2005 version,
the latest version has been reported to provide a better interobserver
agreement, irrespective of the radiologists’ experience [19].

This classification system was originally developed by both radiol-
ogists and urologists; however, the impact of the 2019 Bosniak classi-
fication on the interobserver agreement between them and the value of
adding MRI to CT examination (combined CT/MRI) remain unknown.
This study aimed to compare the interobserver agreement between ra-
diologists and urologists and the diagnostic value of CT alone and
combined CT/MRI using the 2019 Bosniak classification.

2. Materials and methods
2.1. Patients

This study was approved by the Institutional Review Board. The
requirement for written informed consent was waived due to the
retrospective nature of the study. According to the standard workup of
CRMs in our hospital, both CT and MRI are performed for the baseline
evaluation, or MRI is considered for further evaluation after the use of
other modalities, such as CT or ultrasonography. We searched the
electronic database of the hospital and identified all patients with a CRM
characterized using both CT and MRI between August 2010 and January
2016. Eligible patients were identified by searching the CT and MRI
reports for the terms “cystic renal mass,” “cystic renal neoplasm,” or
“Bosniak.” The exclusion criteria were as follows: examinations ob-
tained without using the renal mass protocol, for example, unenhanced
acquisitions or presence of significant MR artifacts [4,5,18], an interval
between CT and MRI that exceeded 3 months [20,21], an imaging
follow-up period C(if surgery was not performed) of<60 months
[4,22,23], and a mass with more than 25% of the mass composed of
enhancing tissue [4,5]. The information regarding patient/tumor char-
acteristics, including data related to the clinical presentation and path-
ological findings, was obtained from the medical records of the patients.

2.2. Image acquisition

CT images were obtained using 128-slice thickness multi-detector
CT. The triphasic renal mass CT protocol used at our institution con-
sisted of non-contrast-enhanced acquisition of the kidneys followed by
corticomedullary phase acquisition of the kidneys and nephrographic
phase acquisition of the entire abdomen. The timing of the cortico-
medullary phase (approximately 30-40 s after the injection) was
established using bolus tracking. The timing of the nephrographic phase
was approximately 90-100 s after the injection. The images were ac-
wired in the axial plane with a slice thickness of 1.25 mm. Multi-planar
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reformatted images were available for every patient. Iopamidol (lopa-
miron 300 or 370; Bayer HealthCare Pharmaceuticals, Berlin, Germany)
was used as a contrast agent to a maximum of 150.0 mL depending on
body weight.

MRI examinations were performed using a 1.5-T MRI system with
32-channel phased-array coils. The following sequences were acquired
to cover the upper abdomen: axial and coronal T2-weighted imaging
(T2WI) with breath-holding, axial in-phase and opposed-phase gradient-
echo sequences, axial diffusion-weighted imaging, and axial unen-
hanced and contrast-enhanced T1-weighted imaging (T1WI) with fat
saturation at 30-40, 90-100, 180-190, and 240 s (LAVA-Flex, GE
Healthcare). The specific sequence parameters are summarized in Sup-
plementary Table 1. Gadobutrol (Gadavist; Bayer HealthCare Pharma-
ceuticals) was used as a contrast agent at a dose of 0.1 mL/kg body
weight.

2.3. Image analysis

The readers included three board-certified radiologists with 33, 9,
and 7 years of experience in abdominal imaging, three radiology resi-
dents with 2, 2, and 1 year of experience in abdominal imaging, and
three board-certified urologists with 19, 11, and 8 years of clinical
experience. The readers independently reviewed CT alone and com-
bined CT/MRI using the 2019 Bosniak classification. For each reader,
there was at least a 1-month interval between the reading pairs of im-
ages (i.e., CT alone and combined CT/MRI) to avoid recall bias. The
critical imaging features assessed included unenhanced and contrast-
enhanced attenuation or signal intensity, the appearance of the septa
(thickness; smoothness, irregularity, or protrusions; and number), wall
(thickness and smoothness, irregularity, or protrusions), and calcifica-
tions, according to the 2019 Bosniak classification [4]. All tumors were
classified as benign (category I/I), low probability of malignancy
(category IIF), or high probability of malignancy (category III/IV) by
each reader based on these assessments. For combined CT/MRI assess-
ment, we reviewed first the CT and subsequently the MRI data according
to the critical features for each modality. The final combined CT/MRI
Bosniak category was then determined according to the 2019 Bosniak
classification guidelines (superior contrast for MRI may demonstrate
soft tissue features better relative to CT; however, features such as the
septa may appear thicker on MRI than on CT due to inherent artifacts)
[4,5,18,24]. All nine readers were blinded to the clinical information,
including the pathologic findings, follow-up imaging, and original in-
terpretations. Subsequently, an overall Bosniak category and individual
critical imaging features were determined for all tumors by consensus in
each of the three groups of readers (radiologists, radiology residents,
and urologists). We then evaluated the impact of the imaging protocol,
that is, CT alone and combined CT/MRI, and the reader’s specialty on
the rate at which the consensus the Bosniak category was upgraded from
category IIF to category III/IV during the follow-up and the histopath-
ological (if surgery was performed) or clinical diagnosis of each Bosniak
category.

2.4. Reference standard

For patients who underwent radical or partial nephrectomy, the final
diagnosis was established based on the histopathological findings. For
all other patients, all clinical and imaging follow-up data were used as
the reference standard [4,22,23].

2.5. Statistical analysis

The interobserver agreement for the 2019 Bosniak classification for
CT alone and combined CT/MRI among all nine readers and each of the
three groups of readers (radiologists, radiology residents, and urologists)
was assessed based on Fleiss’ kappa analysis.

The sensitivity, specificity, and accuracy for the diagnosis of
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malignancy according to threshold category III/IV were calculated. The
impact of different imaging modalities and readers’ specialties on
diagnostic performance was assessed using McNemar’s test.

The proportion of CRMs whose evaluations were upgraded from
category IIF to category III/1V during follow-up and the malignancy rate
were calculated. The impact of different imaging modalities and spe-
cialties of the readers on the diagnostic performance was assessed using
weighted generalized score statistic. Moreover, the impact of the
different imaging modalities and specialties of the readers on the
detection of individual critical imaging features was assessed using
Wilcoxon signed-rank tests. The corresponding interobserver agreement
among all three groups of readers was assessed via Fleiss’ kappa
analysis.

The interobserver agreement was categorized as poor (<0.20), fair
(0.20-0.39), moderate (0.40-0.59), substantial (0.60-0.79), almost
perfect (0.80-0.99), or perfect (1.0) [20,21].

All p-values were two-sided, and p-values < 0.05 were considered
statistically significant. Statistical analyses were performed using SAS
software v. 9.0 (SAS Institute Inc., Cary, NC, USA.).

3. Results
3.1. Patient and tumor characteristics

This retrospective study assessed the data of 107 patients with CRMs
characterized in both CT and MRI between August 2010 and January
2016. Data were obtained from the electronic database of the hospital.
After excluding patients without images using the renal mass protocol
(n = 5), patients with an interval exceeding 3 months (n = 5) between
CT and MRI, patients with an imaging follow-up period of (if no surgery
was performed) <60 months (n = 11), and patients with a mass with
more than 25% of the mass composed of enhancing tissue (n = 3), we
included 83 consecutive patients (27 women and 56 men; 103 CRMs) in
the final analysis (Fig. 1). The median interval between CT and MRI was
4 weeks (range, 1-12 weeks). Of the 103 CRMs, 35 were surgically
resected (radical nephrectomy: n = 14; partial nephrectomy: n = 21).
The median time interval between the initial imaging (CT or MRI) and
surgery was 7 months (range, 1-15 months). Histopathologically, 26
(74.3%) and nine (25.7%) masses were diagnosed as malignant and
benign tumors, respectively. Of the remaining 68 masses, two (2.9%)
were clinically diagnosed as malignant (solid compartment enlargement
on subsequent imaging at follow-up), and 66 (97.1%) were clinically
diagnosed as benign by confirming stability during at least 60 months of
follow-up (median, 78 months; range, 60-125 months) based on all
clinical and imaging follow-up data [4,22,23]. The baseline character-
istics of the patients and renal masses are summarized in Table 1.

Medical record review
[Adult patients with cystic renal masses
characterized by CT and MRI

Excluded
(n = 107) -Not renal mass protocol (n = 5)
=CT and MRI not performed
ithin 3 months (n = 5)

-Less than 60 months of follow-

Final sample up period (if no surgery was

83 patients; 103 cystic renal performed) (n = 11)

masses =More than 25% of the mass is
composed of enhancing tissue

1 (n=3)
Pathological reference Clinical reference

standard

35 cystic renal masses
+26 malignant masses
-9 benign masses

standard

68 cystic renal masses
+2 malignant masses
66 benign masses

Fig. 1. Flowchart of patient selection. CT: Computed tomography; MRI:
lagnetic resonance imaging.
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Table 1
The baseline characteristics of the patients (n = 83) and renal masses (n =
103).

Characteristic Value

Age (y)

Median (range) 59 (27-85)
Sex

Male (%) 56 (67.5)
Female (%) 27 (32.5)
Interval between CT and MRI (weeks)

Median (range) 4(1-12)
Size (mm)

Median (range) 25.4 (9-160)

Renal mass follow-up

Pathologic reference standard - n (%) 35/103 (34.0)
Radical nephrectomy 21

Partial nephrectomy 14

Clinical reference standard - n (%) 68/103 (66.0)
Follow-up period (months)

Median (range) 78 (60-125)
Histologic results —n 35
Renal cell carcinoma

Clear cell 19
Papillary 5
Clear cell papillary 1
MCNLMP 1
Benign

Angiomyolipoma 4
Xanthogranulomatous reaction 3
MEST 2
Clinical results — n

Malignant 2
Benign 66

CT: Computed tomography; MRI: Magnetic resonance imaging; MEST: Mixed
epithelial and stromal tumor; MCNLMP: Multilocular cystic renal neoplasm of
low malignant potential.

3.2. Comparison of interobserver agreement among different specialties

The distribution of the Bosniak categories determined by the
different readers is summarized in Supplementary Table 2. In the
assessment of CT alone, interobserver agreement was substantial for
radiologists and residents, and moderate for urologists (Fleiss’ k values:
0.77,0.63, and 0.58, respectively). For combined CT/MRI, interobserver
agreement was substantial for radiologists, residents, and urologists
(Fleiss’ k values: 0.78, 0.65, and 0.61, respectively).

The number of cases changing from category I/1I on CT alone to
category IIF on combined CT/MRI was 8 (7.8%) for radiologists, 12
(11.7%) for residents, and 13 (12.6%) for urologists. Furthermore, the
numbers of cases changing from category IIF on CT alone to category II1/
IV on combined CT/MRI were 4 (3.9%) for radiologists, 6 (5.8%) for
residents, and 8 (7.8%) for urologists. A representative case of discor-
dance in the categorization between CT and MRI is shown in Fig. 2.

3.3. Diagnostic performance of the overall Bosniak categorization based
on each specialty’s consensus

The diagnostic performances of each group of readers (radiologists,
residents, and urologists) for detecting malignancy are shown in Table 2.

Among residents, the sensitivity/specificity/accuracy rates of com-
bined CT/MRI vs. CT alone were 82.1/74.7/76.7% vs. 75.0/66.7/
68.9%, respectively, for diagnosing malignancy by threshold category
ITI/1V. The specificity and accuracy were significantly higher for com-
bined CT/MRI than that for CT alone (p = 0.03 and 0.008, respectively),
whereas the sensitivity did not significantly differ (p = 0.10). Among the
urologists, the sensitivity/specificity/accuracy values were significantly
higher for combined CT/MRI than that for CT alone (78.6/73.3/74.8%
vs. 64.3/64.0/64.1%, p = 0.04/0.04/0.008). However, among the ra-
diologists, sensitivity/specificity/accuracy for detecting malignancy did
not significantly differ between combined CT/MRI and CT alone (89.3/
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Fig. 2. Arepresentative case of discordance in
Bosniak categorization between CT and MRI.
A 46-year-old woman with a complex left renal
cyst: (a) Axial post-contrast CT scan in the
nephrographie phase showing cystic masses with
a smooth, minimally thickened (<3 mm width)
enhancing wall, with several (>4) smooth thin
(<2 mm width) enhancing septa (arrow). (b)
Axial post-contrast fat-suppressed TIWI scan in
the nephrographic phase showing an enhancing
thick wall (4 mm width), with several (>4)
smooth thin (<2 mm width) enhancing septa
(arrow). The lesion was classified as category IIF
by CT and category III by MRI by all three reader
groups (i.e., radiologists, residents, and urolo-
gists). According to the pathological specimens
obtained by radical nephrectomy, the lesion was
diagnosed as clear-cell renal cell carcinoma. CT
underestimated the width of the enhancing wall
thickness (3 mm width) on the axial post-contrast

scan. CT: Computed tomography; MRI: Magnetic resonance imaging; T2WI: T2-weighted imaging; TIWI: T1-weighted imaging.

Table 2

Diagnostic performance for the high-malignancy (III, IV) and low-malignancy (IIF) 2019 Bosniak classification categories.

Characteristic

Radiologists

Residents

Urologists

CT

Combined CT/MRI CT

Combined CT/MRI CT

Combined CT/MRI

Bosniak III/IV lesions
Sensitivity

p-value

Specificity

p-value

Accuracy

p-value

Bosniak IIF lesions

Progressed to category III/IV at follow-up

p-value
Malignancy rate
p-value

24/28 (85.7)
Ref

55/75 (73.3)
Ref

79/103 (76.7)
Ref

4/34 (11.8)
Ref

3/34 (8.8)
Ref

25/28 (89.3)

21/28 (75.0)

0.32 Ref

56/75 (74.7) 50/75 (66.7)
0.56 Ref

81/103 (78.6) 71/103 (68.9)
0.32 Ref

4/37 (10.8) 3/33(9.1)
0.32 Ref

3/37 (8.1) 2/33 (6.1)
0.32 Ref

23/28 (82.1)

18/28 (64.3) 22/28 (78.6)

0.10 Ref 0.04*

56/75 (74.7) 48/75 (64.0) 55/75 (73.3)
0.03* Ref 0.04*

79/103 (76.7) 66/103 (64.1) 77/103 (74.8)
0.008* Ref 0.008*

4/40 (10.0) 3/36 (8.3) 4/41 (9.8)
0.75 Ref 0.29
3/40(7.5) 2/36 (5.6) 3/41(7.3)
0.60 Ref 0.29

CT: Computed tomography; MRI: Magnetic resonance imaging; Combined CT/MRI: Adding MRI to CT examination.
Data are presented as numbers (percentages).

 p < 0.05 is statistically significant.

74.7/78.6% vs. 85.7/73.3/76.7%, p = 0.32/0.56/0.32).
The proportion of CRMs whose evaluations were upgraded from
category IIF to category III/IV during the follow-up did not significantly

evaluations of all three reader groups (radiologists: 10.8% vs. 11.8%, p

=0.29).

differ between combined CT/MRI and CT alone according to the

Table 3

Distribution of the readers’ assessments of septa and protrusions on CT and MRI (n = 103).

= 0.32; residents: 10.0% vs. 9.1%, p = 0.75; urologists: 9.8% vs. 8.3%, p

Characteristic Radiologists Residents Urologists Fleiss® k values
CT Combined CT/MRI CT Combined CT/MRI CT Combined CT/MRI CT Combined CT/MRI

Septa

Number 0.66 0.68

0 41 29 38 25 37 24

1-3 45 52 46 51 46 50

>4 17 22 19 27 20 29

p-value Ref 0.04% Ref 0.002* Ref 0.009*

Maximal thickness (mm) 0.73 0.67

<2 52 47 55 49 56 47

3 25 28 24 27 25 29

>4 26 28 24 27 22 27

p-value Ref 0.29 Ref 0.35 Ref 0.15

Protrusions 0.67 0.69

None 89 88 91 89 91 88

Present 14 15 12 14 12 15

p-value Ref 0.75 Ref 0.70 Ref 0.47

CT: Computed tomography; MRI: Magnetic resonance imaging; Combined CT/MRI: Adding MRI to CT examination.
Data are presented as numbers.

" p < 0.05 is statistically significant.
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3.4. Impact of the different modalities and readers’ specialties on the
detection of critical imaging features

Individual critical imaging features and the corresponding interob-
server agreement values are summarized in Table 3.

All three reader groups (radiologists, residents, and urologists)
identified a significantly higher number of septa on combined CT/MRI
than that on CT alone (radiologists: p = 0.04; residents: p = 0.02;
urologists: p = 0.009). The corresponding interobserver agreements for
detecting the number of septa among all three reader groups were
substantial for CT alone (Fleiss’ k = 0.66) and combined CT/MRI (Fleiss’
k = 0.68). A representative case in which more septa were visible on MRI
than that on CT is shown in Fig. 3.

Regarding the measurement of the maximal wall or septa thickness,
no significant difference was observed between combined CT/MRI and
CT alone in any of the reader groups (p = 0.29 for radiologists, p = 0.35
for residents, p = 0.15 for urologists). The corresponding interobserver
agreement among all three reader groups was substantial for CT alone
(Fleiss’ k = 0.73) and combined CT/MRI (Fleiss’ k = 0.67). Regarding
the detection number of protrusions, no significant difference was
observed between combined CT/MRI and CT alone in any of the reader
groups (p = 0.75 for radiologists, p = 0.70 for residents, p = 0.47 for
urologists). The corresponding interobserver agreement among all three
reader groups was substantial for CT alone (Fleiss’ k = 0.67) and for
combined CT/MRI (Fleiss’ k = 0.69).

4. Discussion

In this study, we compared the interobserver agreement for CT alone
and combined CT/MRI among three groups of readers using the 2019
Bosniak classification to determine the malignancy of CRMs. Combined
CT/MRI yielded similarly high interobserver agreements among radi-
ology residents, board-certified urologists, and board-certified radiolo-
gists. All three groups detected significantly more septa on combined
CT/MRI than that on CT alone, and the interobserver agreement among
the three groups was substantially high when assessing important im-
aging features, such as the septa, wall thickness, and protrusions, using
combined CT/MRI. Notably, radiology residents and urologists achieved
significantly higher overall accuracies for malignancies of categories 111/
IV with combined CT/MRI than with CT alone. Therefore, combined CT/
MRI scans may improve the diagnostic utility of the 2019 Bosniak
classification, especially in non-expert readers such as residents and
urologists.

A recent study by Pacheco et al. reported that interobserver agree-
ment for the 2019 Bosniak classification using a single modality, such as
CT alone or MRI alone, was better among radiology fellows than among
radiology residents [25], which is consistent with the results of our
study. Chan et al. recently reported that the sensitivity, specificity, and
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accuracy for CT alone were 86.3-100%, 40.9-73.0%, and 71.0-87.0%,
respectively, among radiologists [23]. Lucocq et al. reported that the
malignancy rates of Bosniak III and IV cysts evaluated by radiologists
were 79.3% and 84.5%, respectively [26]. Moreover, according to a
recent report by Hindman et al., the rate of progression to malignancy
for Bosniak IIF cysts evaluated by radiologists was 10.9% [22]. Our
results for non-expert reader groups (radiology residents and urologists)
approached these previous findings when combined CT/MRI was used
to determine the category as per the Bosniak classification. Meanwhile,
our results for radiologists were comparable to the results obtained in
the previous studies even when CT alone was used to determine the
category according to the Bosniak classification.

From a cost perspective, performing both CT and MRI for the eval-
uation of all CRM cases may not be recommended in daily clinical
practice. As mentioned above, however, applying the 2019 Bosniak
classification using CT alone may include a risk of misdiagnosis by non-
specialists, such as radiology residents and urologists. Therefore, the
detection, characterization, and classification of CRMs based on CT
alone may be considered an exclusive task for radiologists who regularly
evaluate images of the kidneys. On the other hand, additional MRI had
diagnostic value in patients with thick or nodular calcification at CT
(which obscured visualization and characterization of enhancing com-
ponents) and in some cases of papillary renal cell carcinoma which
exhibited equivocal (10-20 HU) or absent (<10 HU) enhancement at CT
in our study. This finding is consistent with previous works by Krishna,
et al. and Dilauro, et al. [18,27]. However, further investigations with a
larger cohort are warranted to confirm that additional MRI would be
appropriate in the above-mentioned subgroup of patients in clinical
routine.

Critical imaging features, such as thin (versus thick) walls or septa,
few (versus numerous) septa, and nodular (versus irregularly thickened)
walls or septa, have been explicitly defined in the 2019 Bosniak classi-
fication [4]. In the present study, all three reader groups (radiologists,
residents, and urologists) detected a significantly higher number of septa
on combined CT/MRI than on CT alone, which resulted in an upgrade of
the final category in several cases. As described in the literature
regarding the 2019 Bosniak classification criteria, MRI is an important
tool for the evaluation of cystic masses, in addition to solid renal masses,
and is particularly valuable in characterizing cystic masses that are
indeterminate on CT and ultrasound images because of the superior
contrast resolution and sensitivity of MRI for enhancement [4,5,18,28].

The present study found a high level of interobserver agreement
among different readers (radiologists, residents, and urologists) for the
assessment of critical imaging features on both CT alone and combined
CT/MRI. However, certain features of CRMs may remain difficult to
reproducibly quantify or qualify using MRI, as reported by Edney et al.
[24], who indicated that pitfalls in interpretation might occur due to
differences between T2W images and post-contrast T1W images [24].

Fig. 3. A representative case in which more
septa were visible on MRI than on CT. A 35-
year-old-man with a complex right renal cyst
(a) The axial post-contrast CT shows cystic
masses with thin (<2 mm width) and few [1-3]
enhancing septa (arrow). (b) The axial post-
contrast fat-suppressed TIWI scan in the neph-
rographic phase shows cystic masses with several
(>4) smooth thin (<2 mm width) enhancing
septa (arrow). All three reader groups (i.e., radi-
ologists, residents, and urologists) identified
more septa on MRI than on CT. The lesion was
classified as category Il on CT but as category IIF
on MRI by all three reader groups.CT: Computed
tomography; MRI: Magnetic resonance imaging;
T1IWI: T1-weighted imaging.
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Most renal mass MRI protocols use two-dimensional single-shot fast
spin-echo imaging (SSFSE) due to its insensitivity to motion and its
excellent contrast between fluid and soft tissues, such as septa and
nodules [29,30]. However, three-dimensional TIW spoiled gradient-
echo acquisitions (i.e., LAVA) are more sensitive to the patients’ respi-
ratory motion and have lower in-plane resolution than T2W SSFSE, both
of which may contribute to image deterioration [31]. These inherent
differences may result in variations in the assessment of the small in-
ternal architecture of CRMs. Therefore, specifying or prioritizing the
sequence (specifically T2WI or post-contrast fat-suppressed T1WI) for
evaluating each critical imaging feature may further improve the
interobserver agreement for MRI assessment. However, further studies
are required to evaluate this hypothesis.

5. Limitations

Our study had several limitations. First, the readers only assessed the
baseline (initial) CT and MRI scans, whereas radiologists often compare
subsequent imaging examinations to evaluate the temporal stability or
growth in clinical practice, which may also provide information
regarding the malignant behavior [20,21]. Second, several masses were
categorized as malignancies based on clinical reference standard and not
based on histopathological findings following surgical intervention
[4,22,23]. Third, according to the standard workup of CRMs in our
hospital, both CT and MRI were performed during baseline evaluation.
However, in some cases, MRI was performed for further evaluation of
CRMs after evaluation by other modalities, such as CT or ultrasonog-
raphy, which may have introduced some selection bias [4,5,18,28].
Lastly, this retrospective study included a relatively small sample size.
Further large-scale validation studies are warranted to confirm our
findings.

6. Conclusion

Combined CT/MRI resulted in substantially higher interobserver
agreement among radiologists, residents, and urologists. Moreover, the
diagnostic performance for category III/IV malignancy improved
significantly for residents and urologists with combined CT/MRI
compared to evaluations based on CT alone. Thus, combined CT/MRI is
useful for diagnosing malignancy in CRMs using the 2019 Bosniak
classification, especially for non-expert readers.
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