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Conventional ultrasound combined with contrast-enhanced ultrasound in differential diagnosis of clear cell
renal cell carcinoma and renal angiomyolipoma
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[ Abstract ] Objective To investigate the conventional and contrast-enhanced ultrasonographic features of clear
cell renal cell carcinoma (ccRCC) and renal angiomyolipoma (RAML), and to explore the application value of the 2 methods
in the differential diagnosis of ccRCC and RAML. Methods The conventional and contrast-enhanced ultrasound images
of 88 foci in 86 ccRCC patients and 38 foci in 31 RAML patients who were diagnosed by pathology, enhanced computed
tomography (CT), magnetic resonance imaging (MRI) examination or follow-up were analyzed retrospectively. The size, echo,
boundary and vascular architecture of the tumor were observed by conventional ultrasound, the indexes including the modes
of perfusion and clearance, intensity and uniformity of perfusion, and peripheral ring enhancement were observed by contrast-
enhanced ultrasound, and the value of ultrasonographic features of the conventional and contrast-enhanced ultrasounds in
the differential diagnosis of ccRCC and RAML was analyzed. Results There were significant differences in the echo level,
blood supply distribution, perfusion modes, perfusion intensity, uniformity and peripheral ring enhancement between ccRCC
and RAML (all P<<0.05). ccRCC was dominated by hypoechoic (78.41%, 69/88), rich blood supply (53.41%, 47/88), rapid
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wash-in (95.45%, 84/88), hyperperfusion (93.18%, 82/88) and heterogeneous perfusion (71.59%, 63/88), and peripheral ring
enhancement was more common (34.09%, 30/88) in ccRCC; while RAML was dominated by non-hypoechogenicity (86.84%,
33/38), poor blood supply (68.42%, 26/38), hypoperfusion (65.79%, 25/38) and homogeneous perfusion (84.21%, 32/38),
rapid or slow wash-in each accounted for 50.00% (19/38), and peripheral ring enhancement was rare (10.53%, 4/38). The

accuracy and sensitivity of conventional ultrasound combined with contrast-enhanced ultrasound in the differential diagnosis

of ccRCC and RAML in the hypoechoic group were better than those of conventional ultrasound (accuracy 89.19% vs 59.46%,

sensitivity 89.86% vs 57.97%; both P<<0.01); the accuracy, sensitivity and negative predictive value for the differential diagnosis

of ccRCC and RAML in the non-hypoechoic group were better than those of conventional ultrasound (accuracy 78.85% vs
55.77%, sensitivity 84.21% vs 36.84%, negative predictive value 89.29% vs 64.71%; all P<<0.05). Conclusion Conventional

ultrasound combined with contrast-enhanced ultrasound has high clinical value in the differential diagnosis of ccRCC and

RAML; some atypical foci, however, need to be diagnosed comprehensively by combining other examinations.

[ Key words | kidney neoplasms; clear cell carcinoma; angiomyolipoma; ultrasonography; contrast-enhanced

ultrasonography; differential diagnosis
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Tab 1 Efficacy comparison of conventional ultrasound and its combination with contrast-enhanced ultrasound

in differential diagnosis of ccRCC and RAML

% (n/N)
Examination mode Accuracy Sensitivity Specificity PPV NPV
Hypoechoic group
Conventional 59.46 (44/74) 57.97 (40/69) 80.00 (4/5) 97.56 (40/41) 12.12 (4/33)
Combined 89.19 (66/74) 89.86 (62/69) 80.00 (4/5) 98.41 (62/63) 36.36 (4/11)
Statistic r=17.137 7=18.190 Fisher exact test ~ Fisher exact test ~ Fisher exact test
P value <0.01 <0.01 1.000 1.000 0.092
Non-hypoechoic group
Conventional 55.77 (29/52) 36.84 (7/19) 66.67 (22/33) 38.89 (7/18) 64.71 (22/34)
Combined 78.85 (41/52) 84.21 (16/19) 75.76 (25/33) 66.67 (16/24) 89.29 (25/28)
Statistic 1=6.292 1 =8.922 1 =0.665 1=3.204 1=5.058
P value 0.012 0.003 0.415 0.073 0.025

ccRCC: Clear cell renal cell carcinoma; RAML: Renal angiomyolipoma; CUS: Conventional ultrasound; CEUS: Contrast-

enhanced ultrasound; PPV: Positive predictive value; NPV: Negative predictive value.
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Tab 2 Comparison of contrast-enhanced ultrasound characteristics between ccRCC and RAML lesions

n (%)
Sonographic characteristic ccRCC N=88 RAML N=38 i value P value
Perfusion mode 36.747 <0.01
Rapid wash-in 84 (95.45) 19 (50.00)
Slow wash-in 4 (4.55) 19 (50.00)
Washout mode 0.129 0.720
Rapid wash-out 63 (71.59) 26 (68.42)
Slow wash-out 25 (28.41) 12 (31.58)
Perfusion intensity 49.756 <0.01
Hyperperfusion 82 (93.18) 13 (34.21)
Hypoperfusion 6 (6.82) 25 (65.79)
Perfusion uniformity 33.358 <0.01
Homogeneous 25(28.41) 32 (84.21)
Heterogeneous 63 (71.59) 6 (15.79)
Peripheral ring enhancement 7.480 0.006
Yes 30 (34.09) 4 (10.53)
No 58 (65.91) 34 (89.47)

ccRCC: Clear cell renal cell carcinoma; RAML: Renal angiomyolipoma.

El1 1f]ccRCC BEMENBREBEFERFRE

Fig1 Conventional ultrasound and contrast-enhanced ultrasound images of a ccRCC patient

Male, 39 years old. Gray-scale ultrasound examination showed a hyper-echoic well-demarcated mass, while contrast-enhanced

ultrasound examination showed relatively homogeneous hyper-enhancement in both arterial phase (A, 19 s) and late phase (B, 4 min

32 s), displaying the rapid wash-in and slow wash-out patterns. ccRCC: Clear cell renal cell carcinoma.
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Fig2 Conventional ultrasound and contrast-enhanced ultrasound images of a RAML patient

Male, 61 years old. Color Doppler flow image demonstrated a well-demarcated hypo-echoic mass without major vascularization (A),

while contrast-enhanced ultrasound showed hypo-enhancement in arterial phase (B, 20 s), relatively homogeneous and slightly hypo-

enhancement in venous phase (C, 35 s), and hypo-enhancement in late phase (D, 2 min 51 s), displaying the slow wash-in and rapid

wash-out patterns. RAML: Renal angiomyolipoma.

®3 BREXEGEFEREMKEEKAERX ccRCC 5 RAML HEHIS M &

Tab 3 Differential diagnostic value of contrast-enhanced ultrasonographic features used alone or

in combination for ccRCC and RAML

% (n/N)
Ultrasonograpic feature Accuracy Sensitivity Specificity PPV NPV

@ 81.75 (103/126) 95.45 (84/88) 50.00 (19/38) 81.55 (84/103) 82.61 (19/23)
@ 84.92 (107/126) 93.18 (82/88) 65.79 (25/38) 86.32 (82/95) 80.65 (25/31)
©) 75.40 (95/126) 71.59 (63/88) 84.21 (32/38) 91.30 (63/69) 56.14 (32/57)
@ 50.79 (64/126) 34.09 (30/88) 89.47 (34/38) 88.24 (30/34) 36.96 (34/92)
O+@ 84.92 (107/126) 88.64 (78/88) 76.32 (29/38) 89.66 (78/87) 74.36 (29/39)
O+® 76.98 (97/126) 69.32 (61/88) 94.74 (36/38) 96.83 (61/63) 57.14 (36/63)
O+® 50.79 (64/126) 30.68 (27/88) 97.37 (37/38) 96.43 (27/28) 37.76 (37/98)
@+® 74.60 (94/126) 67.05 (59/88) 92.11 (35/38) 95.16 (59/62) 54.69 (35/64)
@+®@ 51.59 (65/126) 32.95 (29/88) 94.74 (36/38) 93.55(29/31) 37.89 (36/95)
B+®@ 49.21 (62/126) 29.55 (26/88) 94.74 (36/38) 92.86 (26/28) 36.73 (36/98)
O+@+3 73.02 (92/126) 63.64 (56/88) 94.74 (36/38) 96.55 (56/58) 52.94 (36/68)
O+Q@+@ 50.00 (63/126) 29.55 (26/88) 97.37 (37/38) 96.30 (26/27) 37.37 (37/99)
DO+B+@ 48.41 (61/126) 26.14 (23/88) 100.00 (38/38) 100.00 (23/23) 36.89 (38/103)
@+3+®@ 49.21 (62/126) 28.41 (25/88) 97.37 (37/38) 96.15 (25/26) 37.00 (37/100)
O+@+B3+®@ 47.62 (60/126) 25.00 (22/88) 100.00 (38/38) 100.00 (22/22) 36.54 (38/104)

(D: Rapid wash-in; @): Hyperperfusion; 3): Heterogeneous perfusion; (4): Peripheral ring enhancement. ccRCC: Clear cell renal

cell carcinoma; RAML: Renal angiomyolipoma; PPV: Positive predictive value; NPV: Negative predictive value.
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