

[image: image1]
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Background: The failed clearance of jaundice (CJ) in patients with biliary atresia (BA) after the Kasai procedure (KP) often leads to a shorter native liver survival (NLS) time and earlier liver transplantation. We aimed to investigate risk factors of failed CJ and establish a novel nomogram model to predict the status of CJ.

Methods: We retrospectively reviewed institutional medical records from January 2015 to April 2020 and enrolled BA patients post-KP, randomly divided into training and testing cohorts at a ratio of 7:3, and further subdivided into cleared and uncleared jaundice groups. Univariate and multiple logistic regression analyses were used to select risk factors to establish the nomogram in the training cohort. The performance of the nomogram was evaluated by calculating the areas under the receiver operating curve (AUC) in both cohorts.

Results: This study included 175 BA patients post-KP. After univariate and multiple logistic regression analyses, Cytomegalovirus IgM +ve associated BA (OR = 3.38; 95% CI 1.01–11.32; P = 0.04), ln γ-glutamyl transpeptidase (GGT) (OR = 0.41; 95% CI 0.22–0.80; P = 0.009), thickness of the fibrous portal plate (OR = 0.45; 95% CI 0.27–0.76; P = 0.003), liver stiffness measurement (LSM) (OR = 1.19; 95% CI 1.06–1.34; P = 0.002), and multiple episodes of cholangitis (OR = 1.65; 95% CI 1.13–2.41; P = 0.01) were identified as independent risk factors of unsuccessful CJ to construct the nomogram. The receiver operating characteristic curve (ROC) analysis suggested good nomogram performance in both the training (AUC = 0.96) and testing cohorts (AUC = 0.91).

Conclusion: Our nomogram model including several risk factors effectively predicts CJ in patients post-KP, which could aid in clinical decision-making.
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INTRODUCTION

Biliary atresia (BA) is a rare and severe cholangiopathy that leads to liver failure in infants and is characterized by a progressive fibro-inflammatory process affecting the intrahepatic and extrahepatic bile ducts (1). The pathogenesis of BA remains unclear, and the majority of untreated patients die before the age of 1 year due to liver failure (2–4). Five- and ten-year native liver survival (NLS) rates in BA patients have been documented as 46–58% and 30–40%, respectively (5–8). Despite advances in surgical techniques and perioperative management, liver transplantation is required for these patients to achieve long-term survival (9).

Some studies have indicated that a rapid, early, and complete clearance of jaundice (CJ) after the Kasai procedure (KP) was the most valuable prognostic factor for long-term NLS (10, 11). Moreover, unsuccessful CJ in BA patients was always associated with a shorter NLS and an earlier time for pediatric liver transplantation (12). Several studies reported that the post-KP CJ widely varied from 36 to 61% (3, 8, 13). Although previous studies have identified some clinical risk factors for unsuccessful CJ (14–16), it is still difficult to make an early and precise prediction of CJ in clinical practice. However, an early and precise prediction of CJ is essential for clinicians to asses risk stratification, estimate the prognosis, develop individualized treatment, and prepare for further liver transplantation, such as ethics application, implementation of intensified nutritional support, and monitoring of potential complications related to progressive liver disease (17, 18). We hypothesized that a visual prediction model based on clinical factors can accurately predict the CJ. Therefore, the purpose of this study was to investigate risk factors of failed CJ and establish a novel nomogram model based on these selected factors to predict the CJ in BA patients post-KP.



PATIENTS AND METHODS


Patients

This retrospective study was approved by the Ethical Committee of the West China Hospital of Sichuan University (ChiCTR1800017017). From January 2015 to April 2020, 289 patients who underwent intraoperative cholangiography and liver biopsy were diagnosed with BA. Patients who underwent the KP were included in this study. In all patients, methylprednisolone was administered intravenously 5 days postoperatively at a dose of 4- mg/kg/day initially, reduced by 1 mg/kg/day every 3 days for 2 weeks or even longer until the normal value of total bilirubin reached. Cephalosporin antibiotics were orally taken alternately weekly until 1 year of age. Ursodeoxycholic acid and hepatoprotective tablets were used until 3 years of age. Patients with incomplete clinical data, such as those who died within the first 6 months post-operation and those lost to follow-up, were excluded from the study. The workflow of this study is illustrated in Figure 1. Enrolled patients with cleared and uncleared jaundice were randomly divided into training and testing cohorts at a ratio of 7:3 by random number. Additionally, patients were divided into cleared and uncleared jaundice groups according to their achievement of CJ. CJ was defined as a reduction in total bilirubin (TBIL) level to <20 μmol/L at 6 months post-KP (19).
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FIGURE 1. The work flow of this study.


Clinical data were collected from each patient's medical records, including age at surgery, sex, weight, surgical method used, other malformations, blood loss, Davenport classification (1), Metavir scores, and times of postoperative cholangitis. CMV (cytomegalovirus) IgM +ve associated BA was determined based on the CMV-specific IgM results, which are immunoenzymatic assays based on the ELISA technique. Metavir scores were estimated from the results of the liver biopsy (20). Cholangitis was defined as unexplained fever (>38°C), reappearance of white stools, increase in TBIL levels, and increase in inflammatory parameters. The multiple episodes of cholangitis were calculated from the first day after surgery to 3 months postoperatively. An episode of cholangitis was defined as the time from diagnosis to discharge from the hospital. Preoperative liver function and coagulation results, including TBIL, alanine aminotransferase (ALT), aspartate aminotransferase (AST), serum albumin, alkaline phosphatase (ALP), total bile acid (TBA), and γ-glutamyl transpeptidase (GGT) levels, international normalized ratio (INR), and prothrombin time (PT), were also collected. The preoperative thickness of the fibrous portal plate and liver stiffness measurement (LSM) values were examined by a pediatric sonographer with 20 years of experience. Thickness of the fibrous portal plate was defined as the thickness of the echogenic anterior wall of the anterior branch of the right portal vein just distal to the right portal vein in a transverse oblique plane (21). LSM was measurement by shear wave elastography (SWE) technique. More than five valid measurements were recorded for each patient, and the median value was considered as the ultimate LSM value in each individual.



Establishment and Evaluating Performance of the Nomogram

A univariate analysis was performed to identify significant (P < 0.05) clinical factors in the training cohort to establish a multivariate logistic regression model. Clinical factors with a P < 0.05 in the logistic regression model were used to establish the nomogram, and the predictive performance of the nomogram was evaluated by calculating the area under the receiver operating curve (AUC) in both the training and testing cohorts.



Statistical Analysis

SPSS 26.0 statistical software and R programming (3.2 version) were used for all statistical analyses. Ln-transformation was applied to normalize the ALP and GGT values. Normally distributed data were represented as x ± s, and the skewed measurement data were represented as M. Differences were evaluated using the Student's t-test for continuous parametric data, Wilcoxon test for continuous non-parametric data, and Pearson's chi-squared test for non-continuous data. Statistical significance was set at P < 0.05. The “rms” package was used to establish the nomogram. The “pROC” package was used to plot the receiver operating characteristics (ROC) curve of the prediction model.




RESULTS


Patient Characteristic

From January 2015 to April 2020, 193 BA patients underwent the KP at our center. Sixteen patients who were lost to follow-up and two patients who died in the first 6 months post-KP were excluded from this study. Therefore, 175 BA patients were included in this study. The distributions of the Davenport classification were as follows: 8 (4.6%) cases with syndromic BA, 5 (2.8%) cases with cystic BA, 48 (27.4%) cases with CMV-IgM +ve associated BA, and 114 (65.2%) cases with isolated BA. A total of 120 and 55 patients were randomly enrolled in the training and testing cohorts, respectively. The baseline characteristics of both the training and testing cohorts were presented in Table 1. There was no significant difference in age at surgery (P = 0.32), gender (P = 0.61), weight (P = 0.57), outcomes of CJ (P = 0.80), or surgical methods (P = 0.19).


Table 1. The baseline characteristics of patients in training and testing cohorts.
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The characteristics of the patients and univariate analysis of the training and testing cohorts were shown in Table 2. In training cohort, the univariate analysis identified significant differences in surgery days (P = 0.03), CMV IgM +ve associated BA (P < 0.001), ln (GGT) (P < 0.001), thickness of the fibrous portal plate (P < 0.001), LSM value (P < 0.001), Metavir score (P = 0.02), and multiple episodes of cholangitis (P < 0.001).


Table 2. Characteristic of the patients and univariate analysis in training and testing cohort.
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Establishment and Validation of the Nomogram Model

The results of the multiple logistic regression model were presented in Table 3. CMV IgM +ve associated BA (OR = 3.38; 95% CI 1.01–11.32; P = 0.04), ln (GGT) (OR = 0.41; 95% CI 0.22–0.80; P = 0.009), thickness of the fibrous portal plate (OR = 0.45; 95% CI 0.27–0.76; P = 0.003), LSM (OR = 1.19; 95% CI 1.06–1.34; P = 0.002), and multiple episodes of cholangitis (OR = 1.65; 95% CI 1.13–2.41; P = 0.01) were identified as independent predictors for CJ post-KP, which was used to construct the clinical nomogram model (Figure 2). Based on the area under the ROC curve (Figure 3), the AUC of the nomogram in the training and testing cohorts were 0.96 and 0.91, respectively.


Table 3. Multivariate logistic regression analysis to construct nomogram in training cohort.
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FIGURE 2. The nomogram for prediction the possibility of unsuccessful CJ in patients with KP. (Each clinical factor with different status would correspond to a score in “Point”. The scores for each clinical factor were added to obtain an overall score in “Total point”. Then, “Total point” would correspond to risk of “Probability of unsuccessful CJ”.) CMV, cytomegalovirus; GGT, γ-glutamyl transpeptidase; LSM, liver stiffness measurement; CJ, clearance of jaundice; BA, biliary atresia; KP, Kasai procedure.
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FIGURE 3. The receive operating characteristic of established model in training (A) and testing cohort (B).





DISCUSSION

Post-KP CJ is crucial for the prognosis of BA patients. Several studies have indicated that an unsuccessful KP reduces the NLS time and requires early liver transplantation (6, 12). Wang et al. reported that a successful KP enabled patients to achieve long-term event-free survival and a rapid CJ rate within 4 weeks that exhibited a good predictive value (6). Additionally, Ge et al. found that uncleared post-KP jaundice was a risk factor for a shorter NLS time and earlier liver transplantation (12). In this study, we found that several clinical factors, including CMV IgM +ve associated BA, ln (GGT), thickness of the fibrous portal plate, LSM value, and multiple episodes of cholangitis, were associated with the status of CJ in BA patients post-KP. We then constructed a visual nomogram model using logistical regression analysis to accurately predict CJ in BA patients post-KP. Further, the AUC of the nomogram revealed a robust predictive performance in both the training and testing cohorts, which may help clinicians to predict CJ more accurately and aid in clinical decision-making.

Our results showed that the rates of CMV IgM +ve associated Davenport classification in the uncleared jaundice group were significantly higher than those in the cleared jaundice group in both the training and testing cohorts. Further, the results of multivariate logistic regression revealed that it was an independent risk factor for uncleared jaundice, which was similar to the results of previous studies. Shen et al. found that BA patients with CMV infection were associated with a lower rate of CJ and a higher possibility of cholangitis (22). Zhao et al. also reported that Biliary atresia patients who were also infected with CMV had a poorer prognosis, particularly with respect to jaundice clearance (23). Additionally, Zani et al. showed that infants with CMV IgM +ve Davenport classification were always associated with more jaundiced, worse liver function, and a greater degree of inflammation and fibrosis in histology compared with CMV IgM-ve isolated BA (24). They believed that CMV IgM +ve BA often led to a reduced rate of JC, shorter NLS time, and higher mortality, which is consistent with our study.

We revealed that the preoperative GGT level of the uncleared jaundice group was significantly lower than that of the cleared jaundice group, and our multivariate analysis results suggested that patients with a lower preoperative level of GGT were more inclined to develop post-KP failure CJ. Some studies also have investigated the relationship between preoperative GGT levels and the outcome of the KP. Sun et al. found that the preoperative GGT level in BA patients who survived for >5 years with normal liver function was significantly higher than in those who died from liver failure within a year post- KP (25). Besides, Shankar et al. retrospectively analyzed 113 BA patients and found that 12.3% of patients with preoperative GGT <200 IU/L experienced a shorter time from the KP to liver transplantation and poorer transplant-free survival than those with preoperative GGT > 200 IU/L (26). These results seemed to suggest that a low preoperative level of GGT may be associated with poor prognosis after KP. However, no exact results were proposed to explain it. Besides, limited sample size and retrospective data collection may also contribute to this result. Further studies may be needed.

As a non-invasive tool, the abdominal ultrasound has been widely used to help evaluate infants for BA (27), but few studies investigated the correlation between ultrasound signs and CJ post-KP. This study emphasized the importance of the thickness of the fibrous portal plate and LSM value, which were collected by ultrasound for this novel prediction model. Additionally, we investigated the correlation between the thickness of the fibrous portal plate and CJ. Our results suggested that a thicker fibrous portal plate was related to higher rates of CJ. It is well known that sufficient bile flow through the bile capillary is essential for the achievement of CJ post-KP. Good bile flow often leads to a rapid reduction in bilirubin levels in BA patients. A thicker fibrous portal plate may contain more bile capillaries, which may contribute to sufficient flow of bile and a higher possibility of CJ. Additionally, the LSM value mainly reflects the degree of liver fibrosis, which is one of the main pathological features of BA (28). Previous studies have applied the LSM assessment for the diagnostic and prognostic prediction of BA (29–31). Wu et al. found that an LSM value > 7.7 kPa was a predictive factor for discriminating BA patients from other cholestatic patients, and patients with an LSM value > 16 kPa often require early liver transplantation (29). Liu et al. also showed that the LSM value at 3 months was associated with 2-years NLS post- KP (31). In our study, the preoperative LSM values in the uncleared jaundice group were significantly higher. A higher LSM value is always suggestive of more severe inflammatory fibrosis (28), this progressive inflammatory fibrosis often deteriorates the injury narrowing the bile duct (32), which may contribute to a poor CJ rate.

It has been recognized that postoperative recurrent cholangitis is a critical clinical factor that leads to the failure of the KP, a shorter NLS, and the requirement for earlier liver transplantation (33, 34). Our study also suggested that cholangitis was an independent risk factor of successful CJ. Therefore, cholangitis was a significant portion of prediction model.

Although many studies have indicated several risk factors associated with the short- and long-term outcomes of BA patients post-KP (17, 35, 36), there are few established visual predictive models to determine its prognosis. Liu et al. constructed a nomogram to predict the 2-year NLS in BA patients post-KP and showed good performance in a validation cohort (31). However, there was a difference compared with the results of our study. The clinical factors they included were not completely consistent with those of our study, the thickness of the fibrous portal plate and times of cholangitis were not included in their study. The majority of the clinical factors they included were postoperative, but the clinical factors selected in our study were mainly preoperative. Thus, we aimed to screen high-risk patients who may require more frequent follow-ups and early preparation of liver transplantation. Additionally, the clinical factors of our model were all accessible by regular non-invasive examinations, which may improve the feasibility of clinical practice.

There are several limitations to our study. First, this was a single-center retrospective study, which may reduce the generalizability of our results. Second, the sample size of this study was small. Finally, the performance of the established models may be affected by the lack of multicenter external validation. Therefore, further studies with larger sample sizes and multicenter external validation are required. Despite these limitations, we firstly investigated that preoperative thickness of the fibrous portal plate and LSM value measured by ultrasound were related to CJ post-KP. Besides, this is the first study to establish a visual nomogram to predict CJ post-KP and to present good predictive performance. In the context of precision medicine, this model may help clinical decision-making and improve the management of BA patients.



CONCLUSION

Our nomogram model including several clinical factors effectively predicts CJ in patients post-KP, which could aid in clinical decision-making.
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Male 38 16 0.79 17 10 0.50
Weight (kg), mean & SD 50£10 5106 055 51%1.1 5108 067
CMV IgM + ve associated 15 (18.1%) 19 (51.4%) <0.001 6(16.2%) 8 (44.4%) 0.02
BA (%)

Laparoscope Kasai 42 21 053 17 6 037
TBIL (umol/L), mean 1705 (91.8-351.5) 181.7 (110.0-458.8) 084 175.8 (92.9-263.7) 189.2 (126.5-422.1) 069
ALT (UAL), mean 152 (25-557) 181 (26-542) 050 158 (31-529) 189 (36-522) 045
AST (UL), mean 2908 (100-2,228) 344 (95-1,546) 055 274 (108-1,980) 336 (102-1,374) 029
Albumin (g/L), mean & SD 403+38 407 +4.4 055 398+29 41441 047
In (ALP), mean & SD 63+03 6304 073 6106 6305 0.12
TBA (umol/L), mean  SD 156.0 % 36.0 14833838 039 148.1 311 150.3 4 32.4 064
In (GGT), mean  SD 63+08 57+08 <0.001 62+£06 58+06 <0.001
INR, mean 1.1 (0.79-4.9) 1.2 (0.84-4.08) 0.84 1.2(081-32) 1.4 (0.94-4.01) 073
PT, mean 13.2(9.5-58.6) 14.3(10.3-44.9) 020 12.5 (9.8-42.5) 13.9(10.4-51.7) 064
Other malformations 34 10 0.20 12 5 072
Thickness of fibrous portal 53+12 39% 1.1 <0001 55£10 37+£09 <0.001
plate (mm), mean  SD

LSM (kPa), mean + SD 11.3+42 163564 <0.001 106 +3.9 16.3+56.2 0.003
Metavir score

F1-F3 50 14 002 21 7 021
Fa4 33 23 16 11

Blood loss (mi), mean 24.0(5-100) 27.4 (5-60) 028 26.2(5-70) 268 (5-100) 073
Multple episodes of 1.2 (0-4) 2.4(0-6) <0001 1.1(0-8) 20(0-4) 003

cholangitis, mean

G, cleared jaundice; UJ, uncleared jaundice; CMV, cytomegalovirus; TBIL, total biliubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase;
TBA, total bile acid; GGT, y-glutamyl transpeptidase; INR, international normalized ratio; PT, prothrombin time; LSM, liver stiffness measurement.
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