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Value of real-time contrast-enhanced ultrasound in diagnosis of renal solid renal lesions

LI Xin, LIANG Ping, YU Xiaoling, YU lJie, CHENG Zhigang, HAN Zhiyu, LIU Fangyi, MU Mengjuan
Department of Interventional Ultrasound, General Hospital of PLA, Beijing 100853, China

Abstract: Objective To investigate the value of real- time contrast- enhanced ultrasound (CEUS) in the diagnosis and
differential diagnosis of renal solid renal lesions (RSLs). Methods We retrospectively analyzed 140 cases of 152 RSLs with a
mean diameter 3.1+1.9 cm. CEUS was performed and the perfusion characteristics were analyzed using contrast pulse
sequences (CPS) technique. CEUS findings were compared with biopsy histopathologic findings. Results A total of 137
malignant lesions (including 127 renal clear cell carcinomas, 8 renal papillary carcinomas and 2 chromophobe cell carcinomas)
and 15 benign lesions (13 angiomyolipomas and 2 renal oncocytomas) were detected. Of the 137 malignant lesions, 98 (71.5%)
showed contrast agent fast perfusion and hyper-enhancement or iso-enahncement in cortical phase, 104 (75.9%) showed hypo-
enhancement in later corticalmedullary and late phase, and 125 (91.2% ) showed rim- like enhancement. Tumors with a
diameter <2 cm presented with homogeneous enhancement, and those ranging from 2 to 4 cm showed heterogeneous
enhancement with a honeycomb feature; tumors greater than 4 cm featured heterogeneous enhancement with large no-
enhancement necrotic areas. Of the benign lesions, 13 angiomyolipomas and 2 renal oncocytomas showed slow wash-in and
slow wash-out mode. The diagnostic specificity, accuracy and positive predictive value of CEUS for RSLs were 94.9%, 96.1%,
and 73.7%, as compared to 72.3%, 71.1%, and 19.1% with conventional US, respectively (P<0.001). The sensitivity and negative
predictive value of CEUS were 93.3% and 99.2%, respectively, significantly higher than those of conventional US (60% and
94.3%, P=0.084, and 0.062, respectively). Conclusion Real-time CEUS can provide valuable information for improving the
diagnosis and differential diagnosis of RSLs.
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Tab.1 Clinical data of renal solid lesions and patients
Parameter Data (n)
Patients (n=140)
Male/Female 103/37
Age (Mean/Rang)(Year) 61.3+15.5 (22~87)
Bilateral 12 (8.6%)
Lesions (n=152)
Location
Right/Left 87/65
Exophytic 35 (23.0%)
Parenchymal 68 (44.7%)
Endophytic 49 (32.3%)
Size (cm)
Mean=SD [rang] 3.1+1.9(0.6~9.7)
<2 41 (27.0%)
2<D<4 67 (42.1%)
D>4 44 (28.9%)

Pathological diagnosis
Clear cell carcinoma
Papillary cell carcinoma
Chromophobe cell carcinoma
Angiomyolipoma
Oncocytoma

us

Malignancy (n=137)
Hypo-echo
Iso-echo
Hyer-echo

Benignancy (n=15)
Hypo-echo
Iso-echo
Hyper-echo

CDFI

Malignancy (n=137)
Rich blood
Poor blood

Benignancy (n=15)
Rich vascular
Poor vascular

127 (83.6%)
8 (5.3%)
2 (1.3%)
13 (8.5%)
2 (1.3%)

98 (71.5%)
16 (11.7%)
23 (16.8%)

1(6.7%)
1(6.7%)
13 (86.6%)

121 (88.3%)
16 (11.7%)

4 (26.7%)
11 (73.3%)

Figl The CEUS characters and
pathological diagnosis of renal clear cell
carcinoma. (A) US shows an hypo- echo
lesion with rich blood; (B) CEUS shows an
hyper- enhancement in cortical phase,
hypo- enhancement in corticomedullary
phase (C) and later phase (D);
pathological diagnosis verified as renal
clear cell carcinoma (E) (HE staining,
original magnification: x100).
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Tab.2 Enhancement features of renal solid lesions on CEUS

Lesions types
Enhancement features

Clear cell Papillary cell Chromophobe cell Angiomyolipoma Oncocytoma
carcinoma (n=127) carcinoma (n=8) carcinoma (n=2) (n=13) (n=2)
Cortical phase
Hyper 91 (71.7%) 6 (75.0%) 1 (50.0%)
Iso 24 (18.9%) 2 (25.0%) 1 (50.0%) 5 (38.5%) 2 (100%)
Hypo 12 (9.4%) 8 (61.5%)
Corticomedullary phase
Hyper 8 (6.3%) 5 (62.5%) 6 (46.1%)
Iso 74 (58.3%) 3(37.5%) 2(100%) 7(53.9%) 2 (100%)
Hypo 45 (35.4)
Later phase
Hyper 3 (2.4%) 9 (69.2%)
Iso 18 (14.2%) 2 (25.0%) 1 (50.0%) 4 (30.8%) 1 (50.0%)
Hypo 106 (83.4%) 6 (75.0%) 1 (50.0%) 1 (50.0%)
Enhancement pattern
Homogeneous 52 (40.9%) 3(37.5%) 2 (100%) 11(84.6%) 1 (50.0%)
Heterogeneous 75 (59.1%) 5(62.5%) 2 (15.4%) 1(50.0%)
Rim-like 118 (86.1%) 6(5.0%) 1 (50.0%) 2 (15.4%) 1 (50.0%)
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Fig.2 CEUS findings and pathological diagnosis of renal papillary cell carcinoma. A: US shows an hypo-echo lesion with rich blood; B:
CEUS shows an hyper-enhancement in cortical phase, iso-enhancement in corticomedullary phase (C) and hypo-enhancement in later
phase (D) with an no-enhancement zone in the lesion (necrosis tissue, red arrow) (E); pathological diagnosis verified as renal papillary cell
carcinoma (F) (HE staining, original magnification: x100).
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Fig.3 The CEUS characters and pathological diagnosis of renal angiomyolipoma. (A) CEUS
shows an hypo-enhancement in cortical phase, iso-enhancement in corticomedullary phase
(B) and hyper-enhancement in later phase (C) with an centripetal enhancement pattern; then
the pathological diagnosis verified as renal angiomyolipoma (D) (HE staining, original
magnification: x100).
3
Tab.3 Diagnosis performance of CEUS and US for renal solid lesions
CEUS (n) us (n)
Pathological diagnosis ()
Benignancy Malignancy Total Benignancy Malignancy Total
Benignancy 14 5 19 9 38 47
Malignancy 1 132 133 6 99 105
Total 15 137 152 15 137 152
4
Tab.4 Compare the diagnosis capability of CEUS and US for renal solid lesions
Diagnosis capability Sensitivity Sepcificity Accuracy PPV NPV
us 60% 72.3% 71.1% 19.1% 94.3%
CEUS 93.3% 94.9% 96.1% 73.7% 99.2%
b 2.981 30.040 34.565 17.724 3.473
P 0.084 0.000 0.000 0.000 0.062
PPV: Positive predictive value; NPV: Negative predictive value.
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