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Objective: To study the clinical application value of contrast-enhanced ultrasound (CEUS) in diagnosing 
renal space-occupying lesions.
Methods: Sixty-seven patients with renal space-occupying lesions detected by routine ultrasound examination received the contrast-enhanced 
ultrasound examination. When observing the perfusion mode of the mass, we analyzed the perfusion characteristics of contrast-enhanced 
ultrasound and compared them with the surgical pathological results.
Results: Sixty-seven lesions, which were identified in 67 patients with renal space-occupying lesions, included 55 renal malignant 
tumors and 12 benign ones. The sensitivity of qualitative diagnosis by CEUS imaging was 96.4%, the specificity was 66.7%, and the 
accuracy was 91.0%.
Conclusion: The real-time blood supply of renal space-occupying lesions helps judge their nature according to the enhancement 
mode. It has high clinical application value in diagnosing benign and malignant lesions.
Keywords: ultrasound examination, renal lesions, contrast-enhanced ultrasound

The renal tumor is a common tumor in the urinary system, usually without obvious clinical symptoms, and most of them 
are malignant. Ultrasound examination is the primary imaging method for clinically screening renal space-occupying 
lesions. It is of great clinical significance to find and judge the benign and malignant renal space-occupying lesions.1 

Contrast-enhanced ultrasound has been used in studying multiple organs and has also made much progress in the 
application of renal space-occupying lesions.2

Contrast-enhanced ultrasound can help to dynamically observe the microvascular perfusion process of the lesions in 
real-time, which is of great significance in the diagnosis and differential diagnosis of benign and malignant renal lesions 
and has also become a vital imaging method for the evaluation of renal space-occupying lesions.3–5

By observing the septa’s blood supply and thickness, CEUS can perceive a difference between solid and cystic 
lesions, and even simple cysts and complicated cysts. As for this, it may improve the diagnostic accuracy of renal space- 
occupying lesions and provide a low-cost, acceptable alternative solution.

While we noted such consequences with concern, 67 patients with 67 lesions confirmed renal space-occupying lesions 
by surgery were analyzed retrospectively at the Minhang Hospital affiliated with Fudan University over the past decade. 
Contrast-enhanced ultrasound was applied in examining renal space-occupying lesions. Summarizing the perfusion mode 
of contrast-enhanced ultrasound and analyzing its perfusion characteristics, we will explore the clinical application value 
of CEUS in diagnosing renal space-occupying lesions.
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Data and Methods
General Information
We collected 67 patients with all single renal space-occupying lesions by routine ultrasound examination in Minhang 
Hospital affiliated with Fudan University from July 2013 to June 2022. There were 48 males, 19 females, 32 right renal 
lesion cases, and 35 left renal ones. The ages ranged from 31 to 81 (60 years old on average). CEUS was performed in 
all 67 lesions. Inclusion criteria:1) To have received both routine and contrast-enhanced ultrasound; 2) With complete 
material; 3) Not allergic to contrast agent. Exclusion criteria: 1) Allergic to contrast agent or having severe 
cardiopulmonary dysfunction; 2) Under 18 years old. This retrospective study was conducted following the 
Declaration of Helsinki and the Declaration of Istanbul. All procedures were approved by the Institutional Review 
Board at Minhang Hospital, Fudan University. Informed consent was obtained from all patients at the time of their 
examinations.

Instruments and Methods
Four types of ultrasonic scanners (Aplio i900, Canon, Japan; Aplio 500, Canon, Japan; SSA-790A (AplioXG), Canon, 
Japan; Resona 7s, Mindray, China) with 1–6 MHz linear transducers and CEUS modules equipped were in use. First, we 
observed the location, shape, size, echo, number of kidney tumors, surrounding adjacent tissue demarcation, and blood 
flow condition through routine ultrasound from multiple sections and angles. Then, we switched it to CEUS mode and 
selected SonoVue as the contrast agent. 5 mL of normal saline was injected before use, and 1.2–1.8 mL of the mixture 
was extracted after shaking. When displaying the best section of the lesion, we injected the mixture rapidly through the 
cubital vein, followed by 5 mL of normal saline, and started the timer simultaneously. After the injection, we observed 
the image continuously for 3–6 min. All the images are archived for offline analysis.

The playback clips were repeatedly reviewed by 2–3 experienced sonographers who had not acquired the pathological 
results before. The contrast agent changes in the mass were observed dynamically. The perfusion patterns were 
summarized in terms of enhancement time, intensity, and degree of uniformity, and we analyzed the perfusion 
characteristics.

Qualitative analysis indexes: ① Enhancement time, compared with the surrounding normal renal cortex, included 
fast-in, synchronous-in, and slow-in; ② Washout time, compared with the surrounding normal renal cortex, included 
fast-out, synchronous-out, and slow-out; ③ Enhancement intensity, compared with the surrounding normal renal cortex, 
included hyperenhancement, isoenhancement, hypoenhancement, and non-enhancement; ④ The homogeneity of perfu-
sion; ⑤ Whether there was a peritumoral hyper-enhanced rim (PHR) sign, which is defined as the appearance of ring- 
shaped enhancement at the periphery of a renal tumor during the CEUS process, significantly brighter than that of the 
normal renal cortex in and around the kidney.6 Finally, the medical history and surgical pathology data were followed up 
for contrast.

Statistical Analysis
All statistical analyses were performed by SPSS version 19.0 (SPSS, Inc, Chicago, IL), and comparisons between the 
enumeration data were done by the chi-square test. P < 0.05 was considered statistically significant.

Results
Basic Pathological Results of the Lesions
All renal space-occupying lesions were pathologically confirmed after surgery. 55 of the 67 lesions were malignant, 
including 52 renal clear cell carcinomas (77.6%), one renal papillary carcinoma (1.5%), one acquired cystic disease- 
associated renal cell carcinoma (1.5%), one transcription factor E3 (TFE3) gene-translocation renal cell carcinoma 
(1.5%); The rest 12 patients were benign, including eight renal angiomyolipomas (11.9%), and four renal oncocytomas 
(6.0%). The sensitivity of CEUS in the qualitative diagnosis of renal space-occupying lesions was 96.4%, specificity was 
66.7%, and accuracy was 91.0% (Table 1).
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CEUS Findings
Renal Malignant Tumors
① Of all the 52 cases of renal clear cell carcinoma in CEUS, 29 showed fast-in, 13 synchronous-in, and 10 slow-in. 
Regarding washout time, 22 cases showed fast-out, 13 synchronous-out, and 20 slow-out. Concerning the enhancement 
intensity, 29 cases showed hyperenhancement, 15 isoenhancement, and eight hypoenhancement. 35 cases had hetero-
geneous enhancement and 17 had homogeneous enhancement (Figure 1). ② One case of renal papillary carcinoma 
showed fast-in, fast-out, heterogeneous isoenhancement. ③ One case of acquired cystic disease-associated renal cell 
carcinoma (RCC) showed synchronous-in, fast-out, heterogeneous hyperenhancement. ④ One case of TFE3 gene- 
translocation RCC showed fast-in, fast-out, heterogeneous hyperenhancement.

Renal Benign Tumors
① Of the eight cases of renal angiomyolipomas, six showed slow-in, two synchronous-in. When it came to washout 
time, five cases showed synchronous-out, two slow-out, and one fast-out. Concerning the enhancement intensity, seven 
cases showed isoenhancement and one hypoenhancement. Five cases had homogeneous enhancement, and three had 
heterogeneous enhancement (Figure 2). ② Of the four cases of renal oncocytomas, two showed fast-in, one synchronous- 
in, and one slow-in. When it came to washout time, two cases showed slow-out, one synchronous-out, and one fast-out. 
Concerning the enhancement intensity, one case showed hyperenhancement, two isoenhancement, and one hypoenhance-
ment. Three cases had homogeneous enhancement and one had heterogeneous enhancement.

From statistical analysis, renal malignant tumors had features about fast-in, fast-out, slow-out, hyperenhancement, 
and heterogeneous enhancement. In contrast, benign ones had features about slow-in, synchronous-out, slow-out, 
isoenhancement, hypoenhancement, and homogeneous enhancement (Table 2).

Findings of PHR Sign of Renal Tumors
24 of 55 malignant tumors had PHR signs, and the rest did not have them; 1 of 12 benign tumors had PHR signs, and the 
rest did not have them (Table 3).

Table 1 Comparison Between CEUS and Pathological Findings

CEUS Results Pathological Diagnosis

Malignant Benign

Malignant (57) 53 4

Benign (10) 2 8

Sensitivity 0.964 (95% CI:0.875~0.996)

Specificity 0.667 (95% CI:0.349~0.901)
Positive Predictive Value 0.930 (95% CI:0.830~0.981)

Negative Predictive Value 0.800 (95% CI:0.444~0.975)

Accuracy 0.910

Figure 1 A female patient with renal clear cell carcinoma (arrows) under CEUS (dual layout). (A) Fast-in at 7th sec. (B) Heterogeneous hyperenhancement at 20th sec. (C) 
Slow-out at 124th sec.
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Discussion
Currently, the imaging methods on renal space-occupying lesions mainly cover routine ultrasound, CT, MRI, etc. CEUS 
has advantages in effectively reflecting the blood flow perfusion inside the lesions and is real-time and non-radiative. All 
of the above on CEUS makes up for the deficiency of routine ultrasound, CT, MRI, and other examinations in the 
differential diagnosis of renal space-occupying lesions nowadays. It offers valuable diagnostic information for clinical 
use.7 CEUS is a new technology developed in recent years to display the perfusion in the tissue objectively. By 
microbubbles of contrast agents, it is possible to visualize the microvessels and nourishing vessels of tumors and to 
display the distribution of blood flow in and around the lesion. SonoVue, a novel ultrasound contrast agent, is a blood 
pool tracer. It is restricted in the vessel, enabling dynamic microcirculation perfusion observation in real time.8

RCC is the most common tumor, accounting for 80–90% of all renal malignant tumors. Clear cell carcinoma is the 
most common type of RCC.3 The CEUS performance of RCC is related to factors such as tumor internal angiogenesis 
density, vascular diameter, tortuosity, and arteriovenous fistula. In this study, 31 of 55 renal carcinomas showed fast-in, 
and 30 showed hyperenhancement, which is in keeping with the literature reporting that the CEUS performance of renal 
cancer is mostly fast-in and hyperenhanced.3,9,10

In 24 of 55 cases of renal cancer in this group, a PHR sign was found during the CEUS process. The pathological 
basis of PHR detection derives from the rich vascular components around renal cancer. PHR is related to the 
identification, staging, and surgical scheme selection of benign and malignant tumors, which is of great significance 
for clinical diagnosis and treatment.11 Some researchers discovered that when the edge of incisions was negative, it 

Figure 2 A male patient with renal angiomyolipomas (arrows) under CEUS (dual layout). (A) Synchronous-in at 11th sec. (B) Heterogeneous isoenhancement at 14th sec. 
(C) Synchronous-out at 69th sec.

Table 2 Comparison Between Benign and Malignant Space-Occupying 
Tumors of Kidney on CEUS

Result Benign 
(n=12)

Malignant 
(n=55)

X2 value P  
value

Enhancement Pattern
Fast-in 2 31

Synchronous-in 3 14 9.016 0.011

Slow-in 7 10
Fast-out 2 22

Synchronous-out 6 13 3.890 0.143

Slow-out 4 20
Enhancement Intensity

Hypoenhancement 2 9

Isoenhancement 9 16 11.047 0.004
Hyperenhancement 1 30

Enhancement Homogeneity

Homogeneous 8 17
Heterogeneous 4 38 3.965 0.046
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was no longer necessary to restrict the width of the normal kidney tissue above tumors for excision. The psedocap-
sule, generally recognized, is a security boundary between the tumor and normal tissue. A complete psedocapsule 
usually means an early phase of the tumor with low aggressiveness, and it reduces the possibility of infiltration and 
metastasis of tumors to some extent. Additionally, the psedocapsule is easy to separate from the normal renal tissue. 
Based on the above characteristics, tumor enucleation (TE), a urological surgical procedure that allows surgeons to 
keep the adjacent normal tissue and integrally remove the tumor along with its psedocapsule, is adopted 
clinically.12,13

38 of 55 renal cancers in this group showed heterogeneous enhancement, and 17 showed homogeneous enhancement 
in CEUS. It can clearly show the non-enhanced areas of liquefaction and necrosis in the whole process of CEUS, which 
helps judge the tumor’s nature. The most probable reason for that is the rapid growth rate of malignant tumors, which 
often appear as internal liquefaction necrosis, hemorrhage, or cystic changes. If there are smaller tumors, it is challenging 
to observe internal small cystic changes, liquefaction, or necrosis by conventional 2D ultrasound, but CEUS is able to 
do so.

Angiomyolipoma is the most common benign renal tumor, and the ultrasound examination manifestation is up to the 
proportion of blood vessels, smooth muscle, and fat. Tumors consisting of fat are the most common, which is 
hyperechoic and easy to diagnose. Tumors consist of hypoechoic vascular smooth muscle, which is usually mistaken 
for renal cancers. Angiomyolipomas are divided into two types: fast-in, slow-out and slow-in, slow-out on CEUS.14 In 
this study, there were eight angiomyolipomas examined by CEUS. Three cases showed slow-in and synchronous-out, two 
showed slow-in and slow-out, two showed synchronous-in and synchronous-out, and one showed slow-in and fast-out. It 
was consistent with reports in the literature.14 Renal oncocytoma is a relatively rare benign tumor of the renal 
parenchyma, accounting for 3–7% of renal tumors.15 Through ultrasound, the lesion of renal oncocytoma is able to be 
seen in the renal parenchyma, and it is mainly solid, slightly hyperechoic, circular or oval, of clear boundary, and regular 
blood flow signal in the periphery. A few lesions have cystic structures.16 It can present as a fast-in, slow-out 
enhancement, and hyperechoic ring17 around the lesion during the delay phase or hyperenhancement and delayed 
washout.18 In this study, there was one case of hyperenhancement and surrounding hyperenhancement ring, one case 
of fast-in and fast-out, one case of slow-in and slow-out, and one case of synchronous-in and synchronous-out, which is 
consistent with the literature.15,16 It is so easily confused with renal cancer that we should pay more attention to 
identification clinically in order not to misdiagnose it.

In summary, CEUS has the advantages of easy-to-do, inexpensiveness, and non-radiation. It makes it possible to 
observe the blood perfusion of renal space-occupying lesions in real time. It can more clearly show the outline and extent 
of the lesions and improve the visualization rate of pseudocapsule and necrosis areas. It is also precious for the diagnosis 
of renal space-occupying diseases to differentiate the malignant from the benign. As we step deeper into the domain of 
CEUS, more ingenious usages that we have never considered may be discovered. It will be available to add CEUS into 
routine clinical practice if more and more practitioners are familiar with its function and application. Due to the small 
number of cases in this study, it is necessary to expand the sample capacity to discover laws that we may not find in the 
study and improve the diagnostic accuracy rate of CEUS on renal space-occupying lesions. Furthermore, it can play 
a significant role in staging renal tumors preoperatively and precisely.

Table 3 PHR Sign of the Renal Tumors

Pathological 
Results

PHR Sign P

+ –

Malignant 24 31 0.05

Benign 1 11
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Data Sharing Statement
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