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Purpose

Evaluating the performance of the Gallbladder Reporting and Data System (GB-RADS) combined with Color Doppler Flow Imaging (CDFI) for the diagnosis of gallbladder wall thickening disease in an Asian population.





Methods

In this study, the lesions were classified and the actual incidence rate of malignant tumors was calculated for each GB-RADS category, following the guidelines provided by GB-RADS. To evaluate the diagnostic performance of GB-RADS and GB-RADS combined with CDFI, we plotted Receiver Operator Characteristic (ROC) curves. The sensitivity (SE), specificity (SP), positive predictive value (PPV), negative predictive value (NPV), and accuracy (AC) were also calculated. Inter-observer agreement (IRA) between the two observers was assessed using Kappa values.





Results

The incidence of malignancy risk for GB-RADS 2, 3, 4, and 5 was 9%, 12.5%, 72.2%, and 100%. The AUC for GB-RADS was 0.855 (95% CI: 0.800-0.900), with a sensitivity of 82.5%, a specificity of 84.6%, and an accuracy of 83.8%. The AUC of GB-RADS combined with CDFI was 0.965 (95% CI: 0.930-0.985), with a sensitivity of 96.2%, a specificity of 94.6%, and an accuracy of 95.2%. The AUC, sensitivity, specificity, and accuracy of GB-RADS combined with CDFI for diagnosing gallbladder malignancy were higher than those of GB-RADS alone, and the differences were statistically significant (all P < 0.05). The IRA was excellent between the two observers (Kappa = 0.870).





Conclusions

GB-RADS combined with CDFI demonstrated excellent diagnostic accuracy when it comes to distinguishing various diseases that caused gallbladder wall thickening in the Asian population, which has good clinical value and can improve the detection rate of malignant tumors in patients with gallbladder wall thickening.
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1 Introduction

Gallbladder cancer is the most commonly observed tumor of the biliary system and is associated with poor prognosis and a low 5-year survival rate (1). In the early stages, gallbladder cancer does not present with any specific symptoms. By the time gallbladder cancer is diagnosed, the disease has often already progressed to an advanced stage, making it difficult to achieve the desired treatment outcomes. If gallbladder cancer is diagnosed correctly in the early stages, the 5-year survival rate will significantly improve (2, 3). Research reports indicate that the occurrence of gallbladder cancer demonstrates certain geographical variations, with high incidence rates observed in Asian populations (4). The most common imaging manifestation of gallbladder cancer is gallbladder wall thickening; however, benign gallbladder diseases such as adenomyosis and polyps can also cause gallbladder wall thickening (5, 6). Both benign and malignant gallbladder diseases may present with symptoms such as upper abdominal pain and jaundice, and distinguishing benign from malignant gallbladder diseases based solely on clinical symptoms is difficult (7). Accurate diagnosis of benign and malignant gallbladder wall thickening is particularly important for the appropriate treatment of patients, avoiding overtreatment of benign diseases and delays in the treatment of malignant tumors (8, 9).

Two-dimensional transabdominal ultrasonography is the most commonly employed imaging modality for gallbladder examination. Ultrasonography is characterized by real-time dynamics, accuracy (AC), economy, and the absence of radiological damage. Compared to computed tomography (CT), transabdominal ultrasound has the advantage of avoiding exposure to nuclear radiation. Compared to transabdominal ultrasound, magnetic resonance imaging studies can also be dynamic; however, their availability is limited and they are time-consuming (10). Although two-dimensional transabdominal ultrasound is considered the preferred screening method for gallbladder wall thickening, a certain degree of inter-examiner subjectivity and a lack of consensus exists, both domestically and internationally. With the continuous development of ultrasound technology, color Doppler flow imaging (CDFI) can display the blood flow status of lesions, improving the AC of gallbladder lesion diagnosis (6). Ultrasonographic features of gallbladder wall thickening in benign diseases usually exhibit diffuse symmetrical wall thickening, whereas ultrasonographic features of gallbladder wall thickening in malignant diseases usually involve focal asymmetrical thickening without a layered appearance, destruction of the gallbladder wall, or an indistinct interface with the adjacent liver parenchyma (9, 11). In February 2022, the American journal “Abdominal Radiology” published the Gallbladder Reporting and Data System (GB-RADS) for risk stratification of gallbladder wall thickening detected on ultrasonography. The system aims to assess the risk of malignancy in gallbladder wall thickening by applying consistent ultrasound terminology, which would allow for standardized and consistent descriptions of the lesion characteristics for consistent follow-up and management in clinical practice (12).

The purpose of this study was to explore the diagnostic value of GB-RADS in distinguishing benign from malignant gallbladder wall thickening in Asian populations and to evaluate whether incorporating CDFI to GB-RADS would improve the diagnostic performance of the system, thus providing valuable diagnostic methods for patients with gallbladder wall thickening.




2 Methods



2.1 Materials

This retrospective study was approved by the hospital’s Institutional Health Research Ethics Committee, and the need for informed consent was waived (ethics number: KYLL-KS-2023148). Ultrasound images of all patients with gallbladder wall thickening from the hospital’s local picture archiving and communication system between February 2019 and May 2023 were retrospectively analyzed. The patient selection flowchart is displayed in Figure 1. The inclusion criteria were as follows: (1) availability of preoperative gallbladder ultrasonography and postoperative pathological results; (2) thickening of the gallbladder wall observed using abdominal ultrasound (gallbladder wall thickness > 3 mm); (3) no radiotherapy, chemotherapy, immunotherapy, or other related treatments before the examination; and (4) age > 18 years. The exclusion criteria were as follows: (1) pathological results not obtained; (2) evaluation impossible for various reasons (GB-RADS 0) and normal gallbladder (GB-RADS 1); (3) secondary changes in the gallbladder caused by systemic or hepatic diseases and acute cholecystitis; and (4) pregnant and lactating women.




Figure 1 | Flowchart showing a selection of patients with gallbladder wall thickening.






2.2 Methods

Diagnostic color ultrasound machines, such as PHILIPS IU22, TOSHIBA Aplio 500, and Canon Apilo i800, were used in this study. Gallbladder ultrasonography was performed after 6 hours of fasting. Ultrasonography of the left lateral position of the gallbladder was performed in both the sagittal and axial planes. The imaging provided a complete assessment of the gallbladder from multiple perspectives. The examination primarily focused on the following morphological characteristics for each evaluated gallbladder: the thickness of the gallbladder wall, extent, and symmetry of the gallbladder wall thickening, site of the gallbladder wall thickening, presence of contents in the gallbladder cavity, presence of a layering phenomenon in the gallbladder wall, intramural changes in the wall, clear interface with the liver, and distribution of CDFI in the gallbladder wall thickening. Two experts with over 10 years of experience in abdominal ultrasound diagnosis were trained in the GB-RADS. They classified each lesion under the assumption of unknown pathology, and when disagreements occurred, they were resolved through re-examination and discussion.

The GB-RADS grading system was divided into six classes ranging from 0 to 5, including a range from assessable to high-risk. GB-RADS 0 signifies cases that cannot be evaluated due to technical reasons and patient-related factors such as obesity, porcelain gallbladder, and the presence of gas in the gallbladder lumen. GB-RADS 1 indicates a normal gallbladder, adequate gallbladder distension, and the gallbladder wall thickness ≤3 mm; GB-RADS 2 encompasses benign conditions (probability of malignancy < 2%), including (1) symmetric circumferential thickening with or without intramural changes or focal thickening with intramural changes, (2) layered appearance, (3) clear interface with the liver; GB-RADS 3 suggests a suspected malignant tumor (probability of malignancy 2%–50%), including (1) circumferential thickening without layered appearance, (2) no intramural features (localized thickening of cysts or echo lesions), (3) clear interface with the liver; GB-RADS 4 includes a lesion suggestive of malignant tumor (probability of malignant 50%–90%), presenting circumferential or focal thickening without stratification and with a vague interface with the life; GB-RADS 5: indicates a high suspicion of malignancy (probability of malignancy >90%), this included the features of GB-RADS 4, with the addition of definite extrahepatic invasion of the gallbladder wall. Moreover, invasion characteristics may involve the direct extension of the biliary or vascular structures by the mural thickening, as well as adjacent liver mass with the mural thickening (12). Color Doppler blood flow grading was divided into grades 0 to III according to Adler’s blood flow grading (13): 0, no flow signal; I, a small flow signal with one or two dots and short rods; II, moderate flow with three or four dots or one main blood vessel; and III, abundant flow with more than four dots or two main blood vessels. When the CDFI of the lesion in GB-RADS 3 was grade 0–I, the original grading remained unchanged and was represented as GB-RADS+CDFI 3. When the CDFI was grade II–III, it was adjusted upward to one grade, as demonstrated by GB-RADS+CDFI 4. When the CDFI of the lesion in GB-RADS 4 was grade 0–I, it was adjusted downward to one grade, as demonstrated by GB-RADS+CDFI 3. Furthermore, when the CDFI of the lesion in GB-RADS 4 was grade 0–I, a downward adjustment of one grade was represented by GB-RADS+CDFI 3. When the CDFI of the lesion in GB-RADS 4 was grades II–III, the original grading remained unchanged, as indicated by GB-RADS+CDFI 4. The lesions in GB-RADS 3 did not have a downward adjustment, as demonstrated by GB-RADS+CDFI 2, while the lesions in GB-RADS 5 did not have an upward adjustment, as indicated by GB-RADS+CDFI 5 (14, 15).




2.3 Statistical analysis

Data were analyzed using SPSS 26.0 and MedCalc 19.0. The age of the patients in the malignant and benign groups conformed to the normal distribution and was expressed as mean ± standard deviation, and comparisons were made using the independent samples t-test. The ultrasonographic features of the gallbladder and CDFI distributions of the gallbladder in the malignant and benign groups were expressed as numbers and percentages. Additionally, comparisons were made using the chi-square test. Sensitivity (SE), specificity (SP), positive predictive value, negative predictive value, AC, and Jordon indices were calculated for GB-RADS and GB-RADS combined with CDFI. For statistical convenience, intraepithelial neoplasia was classified as a malignant tumor in this study, and pathological findings were used as the gold standard to generate the receiver operating characteristic (ROC) curve, determine the optimal cutoff value, and calculate the area under the curve (AUC). Differences between the AUC values were analyzed using McNemar’s test. A P-value < 0.05 was considered statistically significant. Kappa values were used to assess inter-observer agreement (IRA) between the two observers for GB-RADS. Moreover, 0.21 ≤ Kappa ≤ 0.40 indicated general consistency, 0.41 ≤ Kappa ≤ 0.60 was suggestive of moderate consistency, 0.61 ≤ Kappa ≤ 0.80 signified good consistency, and 0.81 ≤ Kappa ≤ 1.00 was suggestive of excellent consistency.





3 Results



3.1 General characteristics

The study included 210 patients who underwent surgery and whose pathological results were obtained. The age range was between 29 and 84 years, with an average age of 59.66 ± 13.37. The average age in the benign group was 56.14 ± 13.43, while that in the malignant groups was 65.38 ± 11.18. According to the pathological results, the study included 130 cases of benign disease and 80 cases of malignant disease, with cholecystitis and adenocarcinoma being the most common benign and malignant diseases, respectively. The analysis encompassed 44 cases of GB-RADS 2, 76 cases of GB-RADS 3, 76 cases of GB-RADS 4, and 14 cases of GB-RADS 5. According to GB-RADS and CDFI, 44 cases of GB-RADS+CDFI 2, 85 cases of GB-RADS+CDFI 3, 67 cases of GB-RADS+CDFI 4, and 14 cases of GB-RADS+CDFI 5 were present. The specific pathological results and classifications are presented in Table 1.


Table 1 | GB-RADS and pathology.






3.2 Univariate and multivariate analysis of ultrasound characteristics

Table 2 displays the univariate and multivariate analyses of the ultrasound characteristics related to gallbladder wall thickening. In the univariate analysis, significant differences (P < 0.05) were observed between the benign and malignant groups in the extent of gallbladder wall thickening, symmetry of gallbladder wall thickening, the presence of layered appearance in the gallbladder wall, intramural changes in the gallbladder wall, whether the interface with the liver was clear, and the distribution of CDFI in the gallbladder wall thickening. Multivariate analysis of the aforementioned characteristics revealed that an unclear interface with the liver and grade III–IV of CDFI were associated with the development of malignant tumors of the gallbladder (all P < 0.05).


Table 2 | Ultrasonographic features of gallbladder wall thickening.






3.3 Diagnostic performance of GB-RADS, and GB-RADS combined with CDFI

Table 3 demonstrates the incidence of malignancy in GB-RADS, and the risks of malignancy in GB-RADS 2, 3, 4, and 5 were 9%, 12.5%, 72.2%, and 100%, respectively, with statistically significant differences (P < 0.001). The ROC curves of the GB-RADS and GB-RADS combined with CDFI for the diagnosis of gallbladder malignancy are illustrated in Figure 2. The Jordon index of GB-RADS was 0.671; the AUC was 0.855 (95% CI: 0.800–0.900). The best cut-off value for predicting gallbladder malignancy was determined to be greater than GB-RADS 3. The Jordon index of GB-RADS combined with CDFI was 0.908 with an AUC of 0.965 (95% CI: 0.930–0.985), and the AUC of GB-RADS combined with CDFI for diagnosing gallbladder malignancy was higher than that of GB-RADS alone, with a statistically significant difference (P=0.0001). The diagnostic performances of GB-RADS and GB-RADS combined with CDFI for malignant gallbladder tumors are demonstrated in Table 4. The study identified that the SE, SP, and AC of the GB-RADS alone in diagnosing malignant gallbladder tumors were 82.5%, 84.6%, and 83.8%, respectively. However, when GB-RADS was combined with the CDFI, the SE, SP, and AC improved to 96.2%, 94.6%, and 95.2%, respectively. This indicated that the combination of the GB-RADS and CDFI was more effective in diagnosing malignant gallbladder tumors than the GB-RADS alone. Importantly, these differences in diagnostic AC were statistically significant (all P < 0.05).


Table 3 | Incidence of malignancy in GB-RADS.






Figure 2 | Receiver-operator characteristic curves for diagnosis of benign and malignant gallbladder wall thickening by GB-RADS and GB-RADS combined with CDFI.




Table 4 | Diagnostic performance of GB-RADS and GB-RADS combined with CDFI for benign and malignant gallbladder wall thickening.






3.4 IRA between the two observers

Two observers independently analyzed the ultrasound images using the GB-RADS, and their detailed categorization results are presented in Table 5. The Kappa value was 0.870 (95% CI: 0.823–0.917), with P < 0.001, indicating an excellent level of agreement between the observers.


Table 5 | GB-RADS of inter-observer agreement.



Representative cases from our study are displayed in Figures 3–5.




Figure 3 | A 36-year-old woman with pathologically proven xanthogranulomatous cholecystitis. (A) Focak thickening of the base of the gallbladder with layering; (B) CDFI=0.Based on a consensus review of the sonographic findings, the lesion was categorized as GB-RADS 2, GB-RADS+CDFI 2.






Figure 4 | A 52-year-old woman with pathologically proven chronic cholecystitis. (A) Focal thickening of the base of the gallbladder, with no stratified appearance, and loss of interface with the liver.; (B) CDFI=0.Based on a consensus review of the sonographic findings, the lesion was categorized as GB-RADS 4, GB-RADS+CDFI 3.






Figure 5 | A 52-year-old man with a pathologically proven adenocarcinoma. (A) Focal thickening of the base of the gallbladder, with no stratified appearance, and loss of interface with the liver.; (B) CDFI=II. Based on a consensus review of the sonographic findings, the lesion was categorized as GB-RADS 4, GB-RADS+CDFI 4.







4 Discussion

Thickening of the gallbladder wall is a common manifestation of biliary system diseases. In the presence of a history of right upper abdominal pain and inflammatory findings, thickening of the gallbladder wall usually is associated with acute cholecystitis. However, in the absence of clinical symptoms of cholecystitis, consideration should be given to various perspectives, especially gallbladder cancer (16). Gallbladder cancer presents with no obvious symptoms during the early stages, progresses rapidly, and is prone to recurrence and metastasis (17). These characteristics have a significant impact on a patient’s treatment and lead to an extremely poor overall prognosis. Therefore, an early and accurate diagnosis of gallbladder wall thickening is extremely important for the effective management and favorable prognosis of patients. Conventional ultrasound is currently considered the preferred imaging modality for the clinical diagnosis of gallbladder diseases (18). However, no consensus exists on how to differentiate between benign and malignant gallbladder wall thickening. The GB-RADS is a risk stratification system that categorizes gallbladder wall thickening based on ultrasound characteristics and adopts different management measures for each category, helping to improve diagnostic AC (12). To date, the performance of GB-RADS has not been validated. This study analyzed the diagnostic value of GB-RADS in diagnosing gallbladder wall thickening in an Asian population and evaluated whether the addition of CDFI can improve the diagnostic performance of GB-RADS.

This study discovered that the ROC of GB-RADS for the diagnosis of malignant gallbladder cancer was 0.855. When using a GB-RADS score > 3 as a predictive factor for malignant tumors, the SE was 82.5% and the SP was 84.6%, indicating good diagnostic performance. In routine ultrasound diagnosis of malignant gallbladder cancer, the SE was 65.3%–82.5%, with significant variation. Some researchers have explored the value of high-frame-rate contrast-enhanced ultrasound for gallbladder wall thickening in nonacute settings (19). The study determined that the SE, SP, and AC of the GB-RADS for diagnosing malignant gallbladder cancer were only 68.75%, 73.33%, and 71.74%, respectively, which were lower than those in our study. The reason for this difference may be that, in the study by Zhu et al., the sample size consisted of 46 cases, whereas in our study, the sample size comprised 210. Despite being derived from routine transabdominal ultrasonography, the GB-RADS identifies key ultrasonographic features for each risk category (20–23). The ultrasonic features adopt standard terminology and describe the meanings of these terms. Management strategies for malignant potential were proposed for each risk category. This may explain why GB-RADS exhibits high SE and SP. When the GB-RADS was combined with the CDFI for the diagnosis of gallbladder cancer, the AUC, SE, and SP were 0.965, 96.2%, and 94.6%, respectively. The AUC, SE, and SP for differentiating benign and malignant gallbladder wall thickening using the GB-RADS combined with CDFI were all higher than those obtained when the GB-RADS was used alone. Additionally, CDFI can distinguish between benign and malignant disease by assessing blood supply status at the lesion site (6, 24). Studies have indicated that most malignant lesions exhibit blood flow signals, whereas in benign lesions they are hardly observed (25). The pathological basis of gallbladder cancer with abundant blood flow is the abnormal proliferation of blood vessels within the tumor, thickening, and dilation of the gallbladder artery and its branches, and a tortuous and disorderly blood vessel shape, which in turn increases blood flow (25, 26). Some researchers have reported elevated SE and SP in detecting blood flow signals, particularly in distinguishing early malignant lesions of the gallbladder from benign gallbladder bulge lesions. This underscores the effectiveness of CDFI as a method for determining the benign or malignant nature of gallbladder bulge lesions (27). Combining CDFI with the GB-RADS enhances the diagnostic AC in differentiating between benign and malignant gallbladder wall thickening disease in Asian populations. This approach evaluates ultrasound characteristics using two-dimensional ultrasound alongside CDFI, significantly improving diagnostic performance (28).

We analyzed the ultrasonographic features associated with gallbladder wall thickening. The results demonstrated that an unclear interface with the liver, grades III–IV of CDFI, was associated with gallbladder malignancy (P < 0.05), confirming the role of key ultrasound terms in the GB-RADS. Our findings suggest that only three of the 76 cases with pathologic grades III–IV were benign, and grades III–IV of the CDFI were associated with gallbladder malignancy in both univariate and multivariate analyses. Therefore, the addition of CDFI to GB-RADS may improve the diagnostic performance of the system. In the current study, we evaluated the incidence of malignant tumors across different GB-RADS categories and discovered that the incidence of malignant tumors in GB-RADS 3, 4, and 5 aligned with the recommended rate, whereas the incidence of malignant tumors in G-RADS 2 exceeded the recommended rate. A possible explanation for this observation could be that in the cases included in this study, the ultrasound findings of intraepithelial neoplasia did not display any malignant features. Therefore, based on the GB-RADS, they were classified as GB-RADS 2. However, in the present study, intraepithelial neoplasia was classified as a malignant tumor. Therefore, further research is required to assess more reasonable risks. False-positive cases mainly occurred in GB-RADS 4, including eight cases of chronic cholecystitis and 12 cases of xanthogranulomatous cholecystitis. All ultrasounds demonstrated diffuse thickening of the gallbladder wall with loss of normal structure, inhomogeneous internal echoes, and an unclear interface with the liver, These findings were indicative of a gallbladder tumor invading the liver, leading to classification as GB-RADS 4. When CDFI was added for diagnosis, the blood flow signals within most lesions were insignificant and could be downgraded.

The consistency and reproducibility of GB-RADS are also very important. During our analysis, we evaluated the IRA between the two experts using the kappa statistic. The obtained kappa value of 0.870 revealed a high level of agreement and excellent consistency in the application of the GB-RADS. These results demonstrate that the GB-RADS can be reliably and consistently implemented by experienced professionals in the field of diagnostic ultrasound.

Our study has some limitations. First, this study was retrospective in nature; we analyzed static images retained in the system, which may resulted in some errors in diagnostic AC. Furthermore, ultrasound images are manipulated by different operators using different ultrasound machinery with varying image qualities, which may have caused selection bias. Therefore, future multicenter, large-sample prospective studies are needed to validate the diagnostic performance of GB-RADS. Furthermore, several studies have demonstrated that the implementation of Artificial Intelligence (AI) has the potential to enhance the AC and precision of ultrasound in distinguishing between benign and malignant tumors. Combining AI with the GB-RADS holds great promise for improving the overall diagnostic performance in detecting and diagnosing gallbladder cancer (29).

In conclusion, GB-RADS combined with CDFI has high SE and SP to distinguish between benign and malignant gallbladder wall thickening in Asian populations, indicating the potential of the system to significantly enhance the AC of diagnosing gallbladder diseases. Moreover, the GB-RADS displayed good consistency in its findings, further validating its clinical utility. To ensure the widespread applicability and reliability of this approach, future research should focus on conducting multicenter, large-sample prospective studies that would assist healthcare professionals in effectively assessing and managing gallbladder diseases, leading to improved patient outcomes and enhanced medical decision-making.
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