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Value of contrast-enhanced ultrasound combined with Bosniak classification in predicting the risk stratification
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[ Abstract ] Objective To explore the value of contrast-enhanced ultrasound (CEUS) computed tomography (CT)-
Bosniak classification (refering to the update version of Bosniak classification [CT, 2019 ]) and CEUS Ruijin (RJ)-Bosniak
classification in predicting benign and malignant cystic renal masses. Methods The CEUS images of 347 cystic renal
masses from 316 patients who underwent CEUS in Ruijin Hospital or Wuxi Branch of Ruijin Hospital, Shanghai Jiao Tong
University School of Medicine from Jun. 2015 to Jul. 2020 were retrospectively analyzed. Classification according to the
CT standard of Bosniak classification (version 2019) was defined as CEUS CT-Bosniak, and that of Ruijin Hospital clinical
experience was defined as CEUS RJ-Bosniak. All the patients were confirmed by biopsy or surgical pathology, enhanced CT
or magnetic resonance imaging (MRI). Four grid table was used to calculate the accuracy, sensitivity and specificity of the 2
CEUS Bosniak classifications in the diagnosis of benign and malignant cystic renal masses. Results In the 347 renal cystic
foci, 308 benign foci and 39 malignant foci were diagnosed based on the gold standards (the pathological results of surgery or

biopsy and the final clinical diagnosis). Of the 347 lesions, there were 198 cases of category I , 45 cases of category II , 50
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cases of category Il F, 26 cases of category Ill, and 28 cases of category IV according to CEUS CT-Bosniak classification; 198

cases of category I , 28 cases of category I, 66 cases of category Il F, 28 cases of category Ill, and 27 cases of category IV

according to CEUS RJ-Bosniak classification. Whith Bosniak categories Ill and IV as diagnostic criteria of malignant foci, 290

benign and 36 malignant foci were correctly diagnosed by CEUS CT-Bosniak classification, while 292 benign lesions and 38

malignant foci were correctly diagnosed by CEUS RJ-Bosniak classification. The accuracy, sensitivity, specificity, and positive

and negative predictive values between the diagnostic results of CEUS CT-Bosniak and CEUS RJ-Bosniak classification were
93.95% (326/347) and 95.10% (330/347), 92.31% (36/39) and 97.44% (38/39), 94.16% (290/308) and 94.81% (292/308),
66.67% (36/54) and 70.37% (38/54), and 98.98% (290/293) and 99.66% (292/293), respectively. The diagnostic results
of the 2 standards were highly consistent with the gold standard results (Kappa values were 0.74 and 0.79, respectively).

Conclusion CEUS combined with Bosniak classification has high value in differential diagnosis of benign and malignant

renal cystic masses. RJ-Bosniak classification is simple and effective, which is worthy of clinical application.

[ Key words | kidney neoplasms; cystic renal mass; contrast-enhanced ultrasonography; Bosniak classification
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Tab 1 Contrast-enhanced ultrasound CT-Bosniak classification of cystic renal masses refer to updated version of

Bosniak (CT, 2019) '*’

Classification Classification standard
I Thin (<2 mm), smooth and well-defined wall; the wall may be enhanced; and no septa, nodule or calcification
I Thin (<2 mm) and few (1-3) septa; smooth wall; the septa and wall may be enhanced; may have any type of
calcification
II'F Smooth, modestly thickened (3 mm) and enhanced wall; or one or more modestly thickened septa; or many (=4)

smooth, thin (<2 mm) and enhanced septa

I One or more thickened and enhanced septa (=4 mm); or enhanced irregular (displaying< 3 mm obtusely margined
convex protrusion[s]) wall or septa

v One or more enhanced nodule(s) (convex solid protrusion[ =4 mm] with obtuse margins to wall or septa or convex

solid protrusion [in any size] with acute margins to wall or septa)

CT: Computed tomography.

x2 LBXEXFEFREMERSERRELS Bosniak FRIFEHESIE 10 FEBFERER
BEERBAIER RI-Bosniak 73R4T
Tab2 Contrast-enhanced ultrasound RJ-Bosniak classification according to Bosniak classification combined with clinical

experience during recent 10 years in Ruijin Hospital Affiliated to Shanghai Jiao Tong University School of Medicine

Classification Classification standard
| Thin (<2 mm), smooth and well-defined wall; the wall may be enhanced; and no septa, nodule or calcification
Il Thin (<2 mm) and few (1-3) septa; smooth wall; the septa and wall may be enhanced; may have fine calcification
IF Smooth, modestly thickened (<3 mm) and enhanced wall; or many (=4) modestly thickened (<<3 mm) and

enhanced septa
I Enhanced thick (3 mm<tthickness<<4 mm) wall or septa; or enhanced solid nodule(s) (<4 mm); or enhanced
cellular intensive septa

v One or more enhanced nodule(s) (=4 mm); or many (=4) enhanced and thickened (=4 mm) septa
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Tab 3 Two types of contrast-enhanced ultrasound Bosniak classification results of 58 renal cystic foci confirmed by

biopsy or surgical pathology

n
. CT-Bosniak RJ-Bosniak

Pathological result N v m IF i I v m IF m I

Clear cell renal cell carcinoma 27 23 3 1 0 0 25 2 0 0 0
Metastatic tumor 1 1 0 0 0 0 1 0 0 0 0
Papillary renal cell carcinoma 1 0 0 1 0 0 0 1 0 0 0
Multilocular cystic renal neoplasm of low 6 0 6 0 0 0 0 6 0 0 0

malignant potential

Tubulocystic carcinoma of the kidney 1 0 0 0 1 0 0 0 1 0 0
Cyst with intracystic hemorrhage or infection 11 1 6 4 0 0 1 8 2 0 0
Tuberculosis | 0 0 1 0 0 0 0 1 0 0
Simple cyst 0 3 1 0 3 0 2 5 0 0
Malignant proven by other hospital 0 3 0 0 0 0 3 0 0 0

CT: Computed tomography.
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B1 #ERFRGNSHESFRLEBEEYEGRE
Fig1 Contrast-enhanced ultrasound images of cystic renal masses in typical cases
Al, A2: A complex cyst at the lower pole of right kidney in a 57-year-old male. The mass was considered as Bosniak [ and could
be a cyst with intracystic hemorrhage confirmed by enhanced computed tomography. Al: Color Doppler flow image demonstrated
punctiform vascularization in the nodule; A2: Contrast-enhanced ultrasound image showed enhanced thin smooth wall without
enhanced nodule. B1, B2: A complex cyst at the upper pole of right kidney in a 43-year-old male. The mass was considered as
Bosniak Il and was confirmed to be a benign mass based on serial follow-up of 4 years. B1: Gray scale image showed a cystic mass
with 2 thin septa; B2: Contrast-enhanced ultrasound image demonstrated enhanced thin smooth wall and septa without enhanced
nodule. C1, C2: A complex cystic mass with multiple thick (about 6 mm at the thickest point) septa at the lower pole of left kidney in
a 22-year-old male. It was considered as RJ-Bosniak IV and confirmed to be clear cell renal cell carcinoma by surgical pathology. C1:
Color Doppler flow image demonstrated punctiform vascularization at the septa; C2: Contrast-enhanced ultrasound image showed

hyperenhancement and rapid wash-in and slow wash-out pattern at the thick septa.
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Tab 4 Diagnostic value of contrast-enhanced ultrasonography for malignant cystic renal masses

% (n/N)
Feature Accuracy Sensitivity Specificity PPV NPV
Septa thickness=3 mm and number=4 89.34 (310/347)  10.26 (4/39)  99.35 (306/308) 66.67 (4/6) 89.74 (306/341)
Cellular intensive septa 89.63 (311/347)  12.82(5/39)  99.35 (306/308) 71.43 (5/7) 90.00 (306/340)

Enhanced nodule(s) 97.41 (338/347)

Hyper-enhanced septa and nodule(s) 93.95 (326/347)

87.18 (34/39)  98.70 (304/308)
51.28 (20/39)  99.35 (306/308)

89.47 (34/38) 98.38 (304/309)
90.91 (20/22) 94.15 (306/325)

PPV: Positive predictive value; NPV: Negative predictive value.
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