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Objective: CT-based Bosniak classification system has been routinely used to assess complex renal cystic lesions and also 
been applied to contrast-enhanced magnetic resonance imaging (CEMRI) and contrast-enhanced ultrasound (CEUS). Besides, 
the 2019 new version incorporated MRI into the Bosniak system. However, the role of US in the Bosniak system has not been 
clearly established. The aim of this study was to compare the diagnostic ability of CEUS, CECT and CEMRI for renal cystic 
lesions based on the current Bosniak classification.

Methods: Related studies were searched in PubMed, EMBASE, and the Cochrane Library databases from January 1, 2010 
to December 14, 2020. QUADAS-2 was used to assess the study quality. Meta-analysis was performed by “midas modules” 
of Stata SE 15.0 software. The bivariate mixed-effect model was used. The pooled sensitivity and specificity of these three 
modalities were calculated and compared. Meta-regression and subgroup analyses were conducted to reveal the source of 
heterogeneity. 

Results: CEUS showed highest pooled sensitivity and specificity, which were 98% (95% CI: 91%, 100%) and 80% (95% CI: 
64%, 90%) respectively. Pooled estimates of CEMRI were slightly lower than those of CECT with the sensitivity 85% (95% 
CI: 77%, 91%) versus 88% (95% CI: 77%, 94%) and specificity 71% (95% CI: 52%, 85%) versus 79% (95% CI: 70%, 86%), 
respectively.

Conclusions: Based on the current Bosniak classification, CEUS seemed superior to CECT and CEMRI for the diagnosis of 
complex renal cystic masses, and could serve as a valuable alternative for CECT and CEMRI.
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The incidence of renal cystic lesions has been 
increasing steadily, with a positive correlation 
with age [1]. It was reported that approximately 

50% of the people over 50 years old developed renal 
cysts [2]. In spite of the progress on imaging techniques, 

the diagnosis of complex renal cystic lesions remains 
one of the most challenging problems for the clinicians. 
Simple renal cysts with homogeneous anechoic content, 
posterior acoustic enhancement, and sharply defined 
borders can be easily recognized by ultrasound, and do 
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not need further management or surveillance; however, 
there are still some complex cystic lesions that are 
difficult to differentiate, requiring further imaging 
characterization. For example, the simple cysts may 
show complicated imaging appearances due to bleeding, 
infection or ischemia [3]. By contrast, some malignant 
lesions such as cystic clear cell renal cell carcinomas 
may present the cysts-like appearances on imaging [4]. 
As the “gold standard”, biopsy has a risk of spillage 
of cyst contents, and only a small proportion of cells 
within a cyst may contain malignancy. Therefore, as non-
invasive modality, imaging is still indispensable for the 
preoperative diagnosis of renal cystic lesions.  

At present, there are three imaging techniques 
including contrast enhanced ultrasound (CEUS), 
contrast enhanced CT (CECT) and contrast enhanced 
MRI (CEMRI) for the diagnosis of renal cystic lesions. 
Bosniak classification was originally established in 1986 
based on CT imaging features, and has been applied 
to other modalities [5]. There are 5 categories in the 
classification system. Category I, II correspond to benign 
cystic renal lesions that do not require additional imaging 
or follow-up. IIF lesions are considered probably benign, 
and requiring a period of surveillance. Category III are 
considered 50% risk of malignancy and recommended 
surgical treatment, while category IV lesions are 
considered malignant and require surgical removal. In 
2019, Silverman et al proposed an updated version of 
the Bosniak classification in order to overcome several 
shortcomings of the current version, and MRI was 
formally incorporated into it. Notably, although the 
Bosniak classification has been used to ultrasound (US) 
from time to time, the role of US in it has not been fully 
established yet [6,7].

Because of the advantages and drawbacks of the 
three different imaging modalities, it is uncertain which 
one showed the highest overall accuracy with the 
current Bosniak classification. Although a few similar 
studies have been conducted in the past [8,9], there 
were still some problems as follows: firstly, only one 
or two imaging methods were compared previously; 
second, some original studies included in the previous 
meta-analysis lacked the applications of the Bosniak 
classification. Therefore, we retrieved and updated origin 
articles to compare three imaging methods, aiming to 
assess the diagnostic performance of CEUS, CECT and 
CEMRI in the evaluation of cystic renal lesions with the 
current Bosniak classification.

Materials and Methods

Search strategy
Two review authors independently performed a 

systematic search of the Cochrane Library, PubMed 
and Embase to identify relevant articles listed in the last 
10 years (from 1 January 2010 to 14 December 2020). 
Disagreements were resolved by discussion with a 
third review author. Key terms for the literature search 
included “renal”, “kidney”, “cysts”, “cystic lesions”, 
“cystic masses”, “contrast-enhanced”, “ultrasound”, 
“US”, “sonography”, “CEUS”, “computed tomography”, 
“CT”, “CECT”, “magnetic resonance imaging” and 
“MRI”. The search strategy was adjusted according to 
the specific database. 

Study selection
Two review authors independently examined titles 

and abstracts to select eligible studies. Disagreements 
were resolved by discussion with a third review author 
until consensus was reached. Study populations were 
patients with renal cystic masses who underwent at 
least one type of enhanced imaging examinations. 
The included studies were related to the diagnostic 
performance of CEUS, CECT or CEMRI based on the 
current version of Bosniak classification. Inclusion 
criteria were the following conditions: (a) pathological 
findings or follow-up observation (> 1 year) were used 
as the reference standard for the final diagnosis, (b) the 
number of cases in the study had to be no less than 30, 
(c) 2 × 2 contingency tables could be extracted directly 
from the article or by calculation and (d) eligible studies 
had to be published in English. The exclusion criteria 
were as follows: (a) only traditional imaging methods 
are studied, not enhanced imaging examinations, (b) 
studies that lacked the use of the Bosniak classification 
system to categorize the lesions, (c) conference papers 
or secondary literatures, such as experience exchanges, 
abstracts, lectures and reviews. At last, studies meeting 
the inclusion and exclusion criteria were reviewed in full 
text.

Data extraction
The fo l lowing  da ta  were  co l lec ted :  au thor 

name; publication year; study type (retrospective or 
prospective); region; mean or median age of patients, 
number of lesions; mean diameter of lesions, contrast-
enhanced materials; reference standard (pathology or 
follow-up, duration of follow-up); the categories of 
lesions in the original studies (Bosniak categories I, 
II, IIF, III or IV); the true positive (TP), true negative 
(TN), false positive (FP) and false negative (FN) were 
extracted or calculated according to the original data of 
the included studies.

Quality assessment
For the assessment of the risk of bias, each included 

study was evaluated according to the Quality Assessment 
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of Diagnostic Accuracy Studies (QUADAS)-2 by two 
reviewers. QUADAS-2 consists of four domains: patient 
selection, index test, reference standard, and flow and 
timing. The risks of bias and the applicability were rated 
as low, high, or unclear. Disagreements were resolved by 
discussion with a third review author.

Statistical analysis
Statistical analyses were performed using Stata SE 

15.0 and MetaDiSc 1.4 software.
The “Midas modules” of Stata SE 15.0 was used 

for the meta-analysis. The bivariate mixed-effect 
model was used. Forest plots and a summary receiver 
operating characteristic (SROC) curve were constructed 
to illustrate individual and pooled parameters. Pooled 
sensitivity, specificity, area under the SROC curve 
(AUC), and positive and negative likelihood ratios and 
their corresponding 95% CIs were calculated.

The threshold effect was evaluated by Spearman 
correlation coefficients using Meta-Disc version 1.4 
software. Then, the chi-squared test and inconsistency 
index were used to determine interstudy heterogeneity 
using Stata SE 15.0. P < 0.05 and I2 ≥ 50% indicates 
significant heterogeneity. The meta-regression and 
subgroup analyses were performed to explore the sources 
of heterogeneity, according to the following factors: 
(a) study type (prospective or retrospective); (b) region 
(Europe or Asia); (c) gold standard (“pathology only” 
or “pathology or follow-up”), (d) size (the number of 
included lesions (<100 or ≥100)). P-values of <0.05 
means a significant result.

Sensitivity analysis was conducted to assess the 
impact of individual studies on the pooled statistics. To 
investigate the publication bias, the Deeks’ funnel plot 
was performed.

Results

Study characteristics
At last, 16 eligible studies were selected (Fig. 1). Five 

of the 16 included studies were cohort studies, one study 
compared CEUS with CECT [10], one CEUS with CEMRI 
[11], and three CECT with CEMRI [12-14]. Among the 
11 descriptive studies, 4 studies related to CEUS [15-18], 
5 CECT [19-23] and 2 CEMRI [24,25]. The 16 studies 
enrolled a total of 1849 lesions. The region of 8 studies 
was European or American [10,12,14-16,20,21,24], while 
the remaining 9 studies were Asian [11,13,17,19,21-23,25]. 
Six studies only included lesions of Bosniak II and IIF or 
Bosniak IIF alone as benign lesions [10,13,14,17,20,23], 
others included lesions of all categories [11,12,15,16,18,
19,21,22,24,25]. The contrast material used in all CEUS 
studies was SonoVue. In the MRI studies, there were two 

kinds of contrast agents: Magnevist, and Gadovist. Studies 
on CECT had a variety of contrast agents: Omnipaque, 
Ultravist or Iopamiro. The detailed characteristics of the 
16 included studies are shown in Table 1.

Quality assessment of the studies
Summaries of the QUADAS-2 evaluation are shown 

in Figure 2. The information bias mainly came from 
“patient selection” and “flow and timing”. Patient 
recruitment was consecutive in six studies while the 
remain studies didn’t mention. Studies without Bosniak 
I lesions or Bosniak I and II lesions were considered to 
have inappropriate exclusions. The reference standard 
in 9 studies were pathology or follow-up. The other 7 
studies were referenced by pathology only. 

Meta-analysis
There was no threshold effect, as the Spearman 

correlation coefficient (p-value) for CEUS, CECT and 
CEMRI were 0.31 (P = 0.544), 0.05 (P = 0.881) and 
0.543 (P = 0.266) respectively. The homogeneity test of 
CEUS, CECT and CEMRI showed that I² was 75%, 88% 
and 83%, and the p-value was 0.010, 0.000 and 0.001, 
respectively. The heterogeneity was obvious. Therefore, 
a random effects model of “midas modules” in the Stata 
SE version 15.0 software was utilized.

The pooled sensitivity of CEUS, CECT and CEMRI 
was 98 % (95 %CI 91–100), 88 % (95 %CI 77–94) 
and 85 % (95 %CI 77–91), respectively. The pooled 
specificity of CEUS, CECT and CEMRI was 80% (95 
%CI 64–90), 79% (95 %CI 70–86) and 71% (95 %CI 
52–85), respectively (Fig. 3 and 4). The pooled positive 
likelihood ratio of CEUS, CECT and CEMRI was 4.9 
(95% CI 2.6–9.3), 3.9 (95% CI 2.7–5.5) and 3.0 (95% 
CI 1.7–5.0), respectively. The pooled negative likelihood 
ratio of CEUS, CECT and CEMRI was 0.02 (95% CI 
0.00–0.11), 0.14 (95% CI 0.07–0.27) and 0.21 (95% CI 
0.15–0.29), respectively. The AUC-SROC of the CEUS, 
CECT and CEMRI were 0.97% (95% CI 0.95 - 0.98), 
0.89% (95% CI 0.86 - 0.92) and 0.87% (95% CI 0.84 
- 0.90), respectively (Fig. 4). The results of the meta-
analysis are presented in Table 2.

Meta-regression and subgroup analysis
Meta-regression analyses of CECT revealed that the 

reference standard and the study design significantly 
affected heterogeneity, while the differences of the region 
and the reference standard were the main sources of the 
heterogeneity of CEUS (all P < 0.05). In contrast, no 
evidence suggested that the heterogeneity of CEMRI was 
associated with these factors (Fig. 5). Detailed subgroup 
results are provided in Table 3. No significant difference 
was found between the results of subgroups with the 
overall results. 
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Figure 1 Flowchart summarizing study selection.

Records identified  
through databases 

searching (n = 3783)

Records after dumplicates 
removed (n = 3320)

Records excluded (n = 3271):
Irrelevant articles (n = 2522)
Case reports or series (n = 581)
Letters or comments (n = 7)
Review articles (n = 125)
Dumplicates (n = 36)

Full text articles excluded (n = 33):
Insufficient information for 2-by-2 
 contingency table (n = 10)
Meeting sbstracts (n = 6)
Letters or comments (n = 3)
Other languages (n = 1)
Nor cystic lesions (n = 5)
Review articles (n = 2)
The cases is less than 30 (n = 3)
Other reasons (n = 3)

Full text articles  
accessed for

16 articles were  
finally selected

Records screened (n = 3320)

Table 1 Characteristics of the included studies

Study ID Year Country Imaging technique Study type Patients select Patients age (years) No. of lesions Reference standard

Sanz et al. [10] 2016 Spain1 CEUS vs CECT PRO NA median 67.8 67 P+F

Edenberg et al. [15] 2016 Norway1 CEUS REP consecutive mean 63.8 (33–86) 132 P+F

Chen et al. [11] 2015 China2 CEUS vs CEMRI REP NA mean 49.6 (21–78) 71 P+F

Nicolau et al. [16] 2015 Spain1 CEUS PRO consecutive mean 64.2 (34–85) 83 P+F

Xu et al. [17] 2014 China2 CEUS REP NA mean 45.3 (23–75) 87 P

Defortescu et al. [14] 2017 France1 CECT vs CEMRI PRO consecutive median 64.7 (37–76) 47 P+F

Oh et al. [19] 2016 Korea2 CECT REP NA mean 59.88 324 P

Reese et al. [20] 2014 America1 CECT REP NA median 57 113 P

Keseroglu et al. [21] 2019 Turkey1 CECT REP NA mean 57 191 P

Ferreira et al. [12] 2016 Brazil1 CECT vs CEMRI REP NA mean 51.4 (11–82) 42 P+F

Zhong et al. [13] 2017 China2 CECT vs CEMRI REP NA mean 49 (22–69) 35 P+F

Kim MH et al. [23] 2014 Korea2 CECT REP NA mean 56 (21–90 ) 164 P+F

Kim DY et al. [22] 2010 Korea2 CECT REP NA mean 54 (22–75) 125 P

Qiu et al. [18] 2020 China2 CEUS REP consecutive median 55.5 (21~86) 102 P+F

Tse et al. [24] 2020 America1 CEMRI REP consecutive mean 55 (18~83) 59 P

Bai et al. [25] 2020 China2 CEMRI REP consecutive mean 49 (16-75) 207 P

NA, not available; REP, retrospective; PRO, prospective; P, pathology; F, follow-up; Patients Age, the data in parentheses is the age range
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Continued Table 1 Characteristics of the included studies

Study ID Contrast material Mean diameter (cm) Time of following Grades of lesions included PC FC

Sanz et al. [10] CEUS: Sonovue
CECT: NA

CEUS: 3.8
CECT: 3.9

NA CEUS:II、IIF、III、IV
CECT:II、IIF、III、IV

24 43

Edenberg et al. [15] Sonovue 3 > 2 Y I、II、IIF、III、IV 29 103

Chen et al. [11] CEUS: Sonovue
CEMRI: Magnevist

3.6 12~40 M I、II、IIF、III、IV 43 28

Nicolau et al. [16] Sonovue 2.1 23~41 M I、II、IIF、III、IV 32 51

Xu et al. [17] Sonovue 4.9 - IIF、III、IV 87 0

Defortescu et al. [14] CECT: Omnipaque
CEMRI: Gadovist

3.8 17–48 M CECT:IIF、III、IV
CEMR:IIF、III、IV

19 28

Oh et al. [19] NA 5.47 - I、II、IIF、III、IV 324 0

Reese et al. [20] NA NA - II、IIF、III、IV 113 0

Keseroglu et al. [21] NA NA - I、II、IIF、III、IV 191 0

Ferreira et al. [12] CECT: NA
CEMR: Magnevist

CECT: 3.6
CEMR: 3.8

Mean 40.9 M CECT:I、II、IIF、III、IV
CEMR:I、II、IIF、III、IV

13 29

Zhong et al. [13] CECT: Ultravist
CEMRI: Magnevist

NA 36 ~ 41 M CECT:II、IIF、III、IV
CEMR:IIF、III、IV

28 7

Kim MH et al. [23] Ultravist or Iopamiro NA >2 Y II、IIF、III、IV 85 79

Kim DY et al. [22] Ultravist or Iopamiro NA - I、II、IIF、III、IV 125 0

Qiu et al. [18] Sonovue 4.0 24~61 M I、II、IIF、III、IV 56 46

Tse et al. [24] Gadovist 4.1 - I、II、IIF、III、IV 59 0

Bai et al. [25] NA NA - I、II、IIF、III、IV 207 0

NA, not available; M, months; Y, years; PC, pathological cases; FC, follow-up cases

Figure 2 Results of QUADAS-2 assessment.
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Figure 3 Forest plots for the pooled sensitivity and specificity of CEUS, CECT and CEMRI.

Table 2 The results of Meta-analysis

Imaging 
technique

No. of 
studies

Pooled sensitivity 
(%)

Pooled specificity 
(%)

Pooled AUC-
value

Pooled positive 
likelihood ratio

Pooled negative 
likelihood ratio I2/P value

CEUS 6 0.98 (0.91, 1.0) 0.80 (0.64, 0.90) 0.97 (0.95 - 0.98) 4.9 (2.6, 9.3) 0.02 (0.00, 0.11) 75%/0.010

CECT 9 0.88 (0.77, 0.94) 0.79 (0.70, 0.86) 0.89 (0.86 - 0.92) 3.9 (2.7, 5.5) 0.14 (0.07, 0.27) 88%/0.000

CEMR 6 0.85 (0.77, 0.91) 0.71 (0.52, 0.85) 0.87 (0.84 - 0.90) 3.0 (1.7, 5.0) 0.21 (0.15, 0.29) 83%/0.001

Data in parentheses are 95% CIs

Table 3 The results of subgroup analysis

Imaging technique Subgroups No. of studies Pooled sensitivity 
(%)

Pooled specificity 
(%) Pooled AUC-value I²/P value

CECT

Study design PRO (n = 2) - - - -

REP (n = 7) 0.91 (0.88, 0.94) 0.76 (0.73, 0.79) 0.92 (0.90 – 0.94) 86%/0.000

Reference standard P (n = 4) 0.90 (0.86,0.93) 0.76 (0.63, 0.85) 0.91 (0.89 - 0.94) 79%/0.004

P + F (n = 4) 0.93 (0.29,1.00) 0.84 (0.74, 0.91) 0.88 (0.85 - 0.91) 78%/0.005

CEUS

Region European or American (n = 4) 0.97 (0.86, 0.99) 0.86 (0.78, 0.92) 0.96 (0.93 - 0.97) 0%/0.353

Asian (n = 2) - - -

Reference standard P (n = 1) - - -

P + F (n = 5) 0.96 (0.92, 0.99) 0.83 (0.78, 0.87) 0.96 (0.94 - 0.97) 0%/0.473

Data in parentheses are 95% CIs. Abbreviations were shown as Table 1
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Sensitivity analysis and publication bias
Sensitivity analysis was performed by removing 

each study individually and then calculating the pooled 
statistics again. No significant change was found, 

indicating that our results were credible. The Deek's 
funnel plot asymmetry test indicated no publication bias 
existed (all P > 0.05) (Fig. 6).

Figure 4 The SROC curves.

Figure 5 The results of the meta-regression analysis.

Figure 6 The Deek's funnel plot asymmetry test.
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Discussion
In this meta-analysis, CEUS showed highest 

sensitivity and specificity (sensitivity, 98%; 95% CI: 
91%, 100%; specificity, 80%; 95% CI: 64%, 90%), 
compared with CEMRI or CECT. This result was in line 
with the original study by Defortescu et al [14]. With 
the wide application of the second-generation contrast 
agents such as “SonoVue”, CEUS has developed as a 
promising modality for evaluating renal cystic masses. 
The high sensitivity to the harmonic signals produced 
by microbubbles makes CEUS even more effective than 
contrast-enhanced CT and MRI during the detection 
of contrast enhancement in tumors. In addition, CEUS 
improves the detection rate of low-speed small blood 
vessels. Thus some researchers demonstrated that 
CEUS could detect more intracystic septum than CT 
[26]. However, under some conditions, CEUS might 
be so sensitive to upgrade the Bosniak classifications 
[11,14,16]. In other words, CEUS might increase the 
incidence of false-positive diagnoses of complex renal 
lesions. For instance, Chen et al. reported the higher 
sensitivity and a higher rate of misdiagnoses of CEUS 
than MRI [11]. Indeed, it is wise to be cautious to avoid 
overclassifying when interpreting CEUS images of 
complex cystic renal masses. New studies are required to 
confirm whether the new Bosniak version could improve 
specificity of CEUS.

In contrast, sensitivity and specificity for CECT 
versus CEMRI were 88% and 79% versus 85%, and 
71%. Although the Bosniak classification was initially 
established on CT findings, it was reported the diagnostic 
performance of CECT was inferior to that of CEUS [27], 
just in accordance with the present results. This might be 
related to “pseudoenhancement”, “partial volume effect” 
or “lower soft tissue contrast” [12,28]. In addition, 
our results showed the pooled parameters of MRI was 
slightly lower than those of CT, which was different 
from the results of previous studies [12,28]. Moreover, 
the pooled sensitivity and specificity of MRI were 
significantly lower, compared with the previous meta-
analysis by Zhou et al (92% and 91%, respectively) [8]. 
One reason was related to the poor spatial resolutions of 
MRI in spite of the superiority in soft tissue resolution. 
Besides, the updated original articles might account for 
the difference, because two latest retrospective studies in 
2020 were included in this study. The purposes of them 
were both to compare the effects between the current and 
the 2019 new versions of Bosniak classification on the 
diagnostic efficiency of MRI [24,25].

As for the performance of MRI, Israel and his 
colleagues firstly reported that MRI might lead to an 
upgrade of Bosniak classification [6]. Studies included 
in this meta-analysis also suggested upgrades of the 

cystic lesions with MRI, due to the ability of MRI to 
provide more septa or thicker septa/walls [13], similar 
to what has been seen in CEUS. What’s more, consistent 
with previous studies, we also found the low specificity 
of these imaging techniques with the current Bosniak 
classification. Besides, the current version was thought 
to cause the large interobserver variability and the high 
prevalence of benign findings among lesions classified 
into Bosniak Ⅲ. In order to reduce the subjectivity, 
Silverman et al. proposed the 2019 version and defined 
terms numerically, such as “thick” and “many” [7]. 
The categories of IIF and III were further refined and 
standardized with specific and quantitative definitions. 
Only complex cystic lesions with marked wall or septal 
thickening (≥4 mm and ≥3 mm, respectively) would 
belong to Bosniak category III in the 2019 version. 
These modifications contributed to a greater proportion 
of lesions being reclassified into category IIF, as 
confirmed by Tse et al.’s study [24]. It was remarkable 
that the 2019 version formally incorporated MRI into the 
Bosniak system. According to several recent MRI-related 
prospective studies, it remained kind of controversy 
about the improvement of the interobserver agreement or 
the reduction of the mean category with the 2019 version 
[24,25,29]. More studies are warranted to verify the 
diagnostic efficiency of the new version with different 
imaging techniques. In addition, as a first-line inspection 
tool, regardless of the current or 2019 version of Bosniak 
classification, ultrasound barely received attention.

On the other hand, disadvantages and contraindications 
with different techniques should be considered. CEUS 
can be influenced by shadowing from calcification, 
bowel gas interposition or deep location of lesions. The 
ionizing radiation in CT examination is inevitable, which 
needs to be considered especially when the patients are 
young. The drawbacks of MRI include high cost, long 
acquisition times, the requirement of good breath-holding 
abilities from patients. For both CECT and CEMRI, the 
adverse reactions of patients with intravenous contrast 
must be considered. In contrast, contrast agents of CEUS 
do not interfere with renal function. Considering these 
advantages such as avoidance of radiation, lower cost, 
rare adverse effects, continuous real-time multi-angle 
imaging, CEUS is therefore emerging as a valuable 
alternative to contrast-enhanced CT and MRI.

There are some limitations in our study. First, the 
number of available articles, especially those of MRI and 
CEUS were limited, and the majority were retrospective 
studies. Second, a large amount of heterogeneity 
regarding CECT and CEMRI remained unexplained, 
which probably was caused by interobserver variability, 
size of lesions, or age, sex ratio and other factors of the 
subjects. In addition, differences of the field strength 
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and scanning slice thickness in studies of MRI could 
be another source of heterogeneity. Finally, the small 
number of studies in subgroups might lead to unreliable 
pooled diagnostic parameters.

Conclusion
As a widely used imaging modality, CEUS showed 

high sensitivity and specificity when evaluating complex 
renal cystic lesions based on the current Bosniak 
classification system, and could serve as a valuable 
alternative for CECT and CEMRI.

Conflict of Interest
The authors have no conflict of interest to declare.

References
[1] Ravine D, Gibson RN, Donlan J, Sheffield LJ. An ultrasound renal 

cyst prevalence survey: specificity data for inherited renal cystic 
diseases. Am J Kidney Dis 1993; 22:803-807.

[2] Kissane JM. The morphology of renal cystic disease. Perspect 
Nephrol Hypertens 1976; 4:31-63.

[3] Quaia E, Bussani R, Cova M, Mucelli RP. Radiologic-pathologic 
correlations of intratumoral tissue components in the most common 
solid and cystic renal tumors. Pictorial review. Eur Radiol 2005; 
15:1734-1744.

[4] Hayakawa M, Hatano T, Tsuji A, Nakajima F, Ogawa Y. Patients 
with renal cysts associated with renal cell carcinoma and the clinical 
implications of cyst puncture: a study of 223 cases. Urology 1996; 
47:643-646.

[5] Bosniak MA. The current radiological approach to renal cysts. 
Radiology 1986; 158:1-10.

[6] Israel GM, Hindman N, Bosniak MA. Evaluation of cystic renal 
masses: comparison of CT and MR imaging by using the Bosniak 
classification system. Radiology 2004; 231:365-371.

[7] Silverman SG, Pedrosa I, Ellis JH, Hindman NM, Schieda N, Smith 
AD, et al. Bosniak classification of cystic renal masses, version 2019: 
an update proposal and needs assessment. Radiology 2019; 292:475-
488.

[8] Zhou L, Tang L, Yang T, Chen W. Comparison of contrast-enhanced 
ultrasound with MRI in the diagnosis of complex cystic renal masses: 
a meta-analysis. Acta Radiol 2018; 59:1254-1263.

[9] Lan D, Qu HC, Li N, Zhu XW, Liu YL, Liu CL. The value of 
contrast-enhanced ultrasonography and contrast-enhanced CT in the 
diagnosis of malignant renal cystic lesions: a meta-analysis. PLoS 
One 2016; 11:e0155857.

[10] Sanz E, Hevia V, Gomez V, Alvarez S, Fabuel JJ, Martinez L, et 
al. Renal complex cystic masses: usefulness of contrast-enhanced 
ultrasound (CEUS) in Their assessment and its agreement with 
computed tomography. Curr Urol Rep 2016; 17 :89.

[11] Chen Y, Wu N, Xue T, Hao Y, Dai J. Comparison of contrast-
enhanced sonography with MRI in the diagnosis of complex cystic 
renal masses. J Clin Ultrasound 2015; 43:203-209.

[12] Ferreira AM, Reis RB, Kajiwara PP, Silva GE, Elias J, Jr., Muglia 
VF. MRI evaluation of complex renal cysts using the Bosniak 
classification: a comparison to CT. Abdom Radiol (NY) 2016; 
41:2011-2019.

[13] Zhong J, Cao F, Guan X, Chen J, Ding Z, Zhang M. Renal cyst 

masses (Bosniak category II-III) may be over evaluated by the 
Bosniak criteria based on MR findings. Medicine (Baltimore) 2017; 
96:e9361.

[14] Defortescu G, Cornu JN, Bejar S, Giwerc A, Gobet F, Werquin C, 
et al. Diagnostic performance of contrast-enhanced ultrasonography 
and magnetic resonance imaging for the assessment of complex renal 
cysts: a prospective study. Int J Urol 2017; 24:184-189.

[15] Edenberg J, Gloersen K, Osman HA, Dimmen M, Berg GV. The 
role of contrast-enhanced ultrasound in the classification of CT-
indeterminate renal lesions. Scand J Urol 2016; 50:445-451.

[16] Nicolau C, Bunesch L, Pano B, Salvador R, Ribal MJ, Mallofre C, 
et al. Prospective evaluation of CT indeterminate renal masses using 
US and contrast-enhanced ultrasound. Abdom Imaging 2014; 40:542-
551.

[17] Xu Y, Zhang S, Wei X, Pan Y, Hao J.  Contrast enhanced 
ultrasonography prediction of cystic renal mass in comparison to 
histopathology. Clin Hemorheol Microcirc 2014; 58:429-438.

[18] Qiu X, Zhao Q, Ye Z, Meng L, Yan C, Jiang TA. How does 
contrast-enhanced ultrasonography influence Bosniak classification 
for complex cystic renal mass compared with conventional 
ultrasonography? Medicine (Baltimore) 2020; 99:e19190.

[19] Oh TH, Seo IY. The role of Bosniak classification in malignant tumor 
diagnosis: a single institution experience. Investig Clin Urol 2016; 
57:100-105.

[20] Reese AC, Johnson PT, Gorin MA, Pierorazio PM, Allaf ME, 
Fishman EK, et al. Pathological characteristics and radiographic 
correlates of complex renal cysts. Urol Oncol 2014; 32:1010-1016.

[21] Keseroglu B, Ozgur BC, Tastemur S, Irkilata L, Doluoglu OG, 
Yuceturk CN. Bosniak classification and other variables in the 
prediction of renal cystic masses. J Coll Physicians Surg Pak 2019; 
29:456-458.

[22] Kim DY, Kim JK, Min GE, Ahn HJ, Cho KS. Malignant renal cysts: 
diagnostic performance and strong predictors at MDCT. Acta Radiol 
2010; 51:590-598.

[23] Kim MH, Yi R, Cho KS, Choi HJ. Three-phase, contrast-enhanced, 
multidetector CT in the evaluation of complicated renal cysts: 
comparison of the postcontrast phase combination. Acta Radiol 2014; 
55:372-377.

[24] Tse JR, Shen J, Yoon L, Kamaya A. Bosniak classification version 
2019 of cystic renal masses assessed with MRI. AJR Am J Roentgenol 
2020; 215:413-419.

[25] Bai X, Sun SM, Xu W, Kang HH, Li L, Jin YQ, et al. MRI-
based Bosniak Classification of cystic renal masses, version 
2019: interobserver agreement, impact of readers' experience, and 
diagnostic performance. Radiology 2020; 297:597-605.

[26] Ascenti G, Mazziotti S, Zimbaro G, Settineri N, Magno C, Melloni 
D, et al. Complex cystic renal masses: characterization with contrast-
enhanced US. Radiology 2007; 243:158-165.

[27] Sanz E, Hevia V, Gómez V, Álvarez S, Fabuel JJ, Martínez L, et 
al. Renal complex cystic masses: usefulness of contrast-enhanced 
ultrasound (CEUS) in their assessment and its agreement with 
computed tomography. Curr Urol Rep 2016; 17:89.

[28] Defortescu G, Cornu JN, Béjar S, Giwerc A, Gobet F, Werquin C, 
et al. Diagnostic performance of contrast-enhanced ultrasonography 
and magnetic resonance imaging for the assessment of complex renal 
cysts: a prospective study. Int J Urol 2017; 24:184-189.

[29] Pacheco EO, Torres US, Alves AMA, Bekhor D, D'Ippolito G. 
Bosniak classification of cystic renal masses version 2019 does not 
increase the interobserver agreement or the proportion of masses 
categorized into lower Bosniak classes for non-subspecialized 
readers on CT or MR. Eur J Radiol 2020; 131:109270.

Yang et al. CEUS, CECT and CEMRI for renal cystic lesions

AUDT 2022;04:165–173


