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Abstract
BACKGROUND 
Methods for predicting the prognosis of patients undergoing surgery for recurrent 
hepatolithiasis after biliary surgery are currently lacking.

AIM 
To establish a nomogram to predict the prognosis of patients with recurrent 
hepatolithiasis after biliary surgery.

METHODS 
In this multicenter, retrospective study, data of consecutive patients in four large 
medical centers who underwent surgery for recurrent hepatolithiasis after biliary 
surgery were retrospectively analyzed. We constructed a nomogram to predict the 
prognosis of recurrent hepatolithiasis in a training cohort of 299 patients, 
following which we independently tested the nomogram in an external validation 
cohort of 142 patients. Finally, we used the concordance index (C-index), calibra-
tion, area under curve, decision curve analysis, clinical impact curves, and visual 
fit indices to evaluate the accuracy of the nomogram.

https://www.f6publishing.com
https://dx.doi.org/10.3748/wjg.v28.i7.715
mailto:lancetlfb@126.com
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RESULTS 
Multiple previous surgeries [2 surgeries: Odds ratio (95% confidence interval), 1.451 (0.719-2.932); 
3 surgeries: 4.573 (2.015-10.378); ≥ 4 surgeries: 5.741 (1.347-24.470)], bilateral hepatolithiasis [1.965 
(1.039-3.717)], absence of immediate clearance [2.398 (1.304-4.409)], neutrophil-to-lymphocyte ratio 
≥ 2.462 [1.915 (1.099-3.337)], and albumin-to-globulin ratio ≤ 1.5 [1.949 (1.056-3.595)] were found to 
be independent factors influencing the prognosis. The nomogram constructed on the basis of these 
variables showed good reliability in the training (C-index: 0.748) and validation (C-index: 0.743) 
cohorts. Compared with predictions using traditional classification models, those using our 
nomogram showed better agreement with actual observations in the calibration curve for the 
probability of endpoints and the receiver operating characteristic curve. Dichloroacetate and 
clinical impact curves showed a larger net benefit of the nomogram.

CONCLUSION 
The nomogram developed in this study demonstrated superior performance and discriminative 
power compared to the three traditional classifications. It is easy to use, highly accurate, and 
shows excellent calibration.

Key Words: Gallstones; Reoperation; Risk factors; Nomogram; Prognosis; Model

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This is a multicenter, retrospective study to establish a nomogram to predict the prognosis of 
patients with recurrent hepatolithiasis after biliary surgery. After this, an online calculator was developed, 
and the nomograms are freely available on the internet. We used the concordance index, calibration, area 
under curve, decision curve analysis, clinical impact curves, and visual fit indices to evaluate the accuracy 
of the nomogram. Compared with predictions using traditional classification models, those using our 
nomogram showed better agreement with actual observations.

Citation: Pu T, Chen JM, Li ZH, Jiang D, Guo Q, Li AQ, Cai M, Chen ZX, Xie K, Zhao YJ, Wang C, Hou H, Lu 
Z, Geng XP, Liu FB. Clinical online nomogram for predicting prognosis in recurrent hepatolithiasis after biliary 
surgery: A multicenter, retrospective study. World J Gastroenterol 2022; 28(7): 715-731
URL: https://www.wjgnet.com/1007-9327/full/v28/i7/715.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i7.715

INTRODUCTION
Hepatolithiasis is mostly prevalent in East and Southeast Asia, and the incidence in China is the highest 
in the world[1]. Although treatment strategies for hepatolithiasis have been improving, the overall 
treatment rate and prognosis remain poor because of the long course, complex pathological changes, 
high incidence of postoperative complications, and high recurrence rate. Sporadic cases of hepato-
lithiasis have been reported in Western countries, and with the increasing immigration from Asian 
countries, hepatolithiasis has become increasingly prevalent in the West[2-4]. The prevalence of this 
disease is 30%-50% in East Asia and 0.6%-1.3% in Western countries[5].

The treatment of hepatolithiasis involves pharmacologic, endoscopic, and surgical approaches. 
Surgery is the most effective treatment. However, the course of the disease varies, and stones can easily 
remain in the surgery and recur at a later date. Patients with recurrent hepatolithiasis who undergo 
multiple biliary surgeries often experience varying degrees of abdominal adhesions, causing greater 
difficulties and increasing the risks for surgery. Thus, surgeons should focus on improving the 
prognosis and quality of life of patients.

Recurrent hepatolithiasis is defined as hepatolithiasis with a history of biliary tract surgery for 
different reasons. Some classification systems for hepatolithiasis have been established, such as classi-
fication based on clinical manifestations[3], Nakayama[6]’s classification based on the distribution of 
stones, Tsunoda et al[7]’s classification based on dilatation or stenosis, and the Chinese Classification 
model proposed by the Biliary Study Group of the Chinese Medical Association[8]. Despite their wide 
acceptance, these classification models are too complicated to implement in guiding clinical treatment. 
Thus, clinical classification of hepatolithiasis has practical significance in guiding treatment decisions 
and predicting patient prognoses. Nomograms are statistical tools that enable simultaneous consid-
eration of various factors to facilitate visualization of prognoses. Moreover, nomograms offer many 
advantages, including personalized evaluation, user-friendliness, and ease of comprehension[9]. 

https://www.wjgnet.com/1007-9327/full/v28/i7/715.htm
https://dx.doi.org/10.3748/wjg.v28.i7.715
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Considering the absence of a prediction model for the quality of life of patients with recurrent hepato-
lithiasis, this study aimed to establish a nomogram for predicting the prognosis of patients with 
recurrent hepatolithiasis after biliary surgery.

MATERIALS AND METHODS
Clinical and prognostic data of patients with recurrent hepatolithiasis who underwent surgery between 
January 2015 and December 2020 at the Departments of Hepatopancreatobiliary Surgery in four medical 
centers were retrospectively analyzed for evaluating patients’ quality of life. The patients from the First 
Affiliated Hospital of Anhui Medical University constituted the training cohort, while those from the 
Second Affiliated Hospital of Anhui Medical University, the First Affiliated Hospital of University of 
Science and Technology of China and the First Affiliated Hospital of Bengbu Medical College served as 
the validation cohort. All hospitals are high-volume surgical centers employing similar therapeutic 
approaches for hepatolithiasis.

The diagnosis of hepatolithiasis was confirmed by preoperative imaging examinations and intraop-
erative findings. Recurrent hepatolithiasis was diagnosed when the patient had a history of biliary 
surgery. These patients had already undergone at least one bile duct surgery for hepatolithiasis. Patients 
from the four centers were included if they met the following inclusion criteria: (1) A history of at least 
one biliary surgery; (2) Confirmation of stones by preoperative imaging examination; (3) Confirmation 
of intrahepatic cholangiolithiasis during the procedure; and (4) A preoperative liver function of Child-
Pugh grade A or initial grade B that improved to grade A. The exclusion criteria were as follows: (1) 
Hepatolithiasis occurring within 6 mo after the last biliary tract surgery; (2) No history of surgical 
treatment; (3) History of abdominal surgery not involving the biliary tract system; (4) Malignant tumor 
on postoperative pathological evaluation; and (5) Patchy clinical or follow-up data. All clinical data 
were screened and collected in a computerized database by a specialized research assistant. This 
retrospective study was conducted in accordance with the declaration of Helsinki and was approved by 
the institutional ethics committees (Quick-PJ2021-08-19). All included patients or their relatives 
provided written informed consent before their data were analyzed.

Preoperative evaluation
Under the same preoperative evaluation protocol across all centers, the patients underwent blood tests, 
including routine blood counts and analysis of blood biochemistry, hemostatic function, immunological 
markers, and tumor markers. All patients underwent at least two imaging examinations, including 
ultrasound (US), computed tomography (CT), magnetic resonance imaging, or magnetic resonance 
cholangiopancreatography (MRCP), which provided information on the location of stones, biliary 
strictures, or liver atrophy. Definitive planning of the procedure was performed according to the 
findings of imaging studies. For patients with complex bilateral hepatolithiasis or those expected to 
undergo extensive liver resection, the ratio of the future remnant liver to total functional liver volume 
was calculated by volumetric CT scans or three-dimensional visualization techniques, and the 
indocyanine green 15-min retention rate was measured to evaluate the safety of surgeries.

Reoperative procedures
Patients who failed to reach Child-Pugh grade A before surgery underwent liver protection and 
supportive treatment. All surgeries were performed by experienced hepatobiliary surgeons. Patients 
with a history of repeated surgeries often have abdominal adhesions. After relieving the abdominal 
adhesions, a detailed surgical plan was created on the basis of the intraoperatively confirmed stone 
location, bile duct stenosis, liver atrophy, and function of the sphincter of Oddi (SO). The main surgical 
objective was to remove as many stones as possible and choose the appropriate method for biliary 
drainage. Routine intraoperative flexible choledo-choscopy was performed after longitudinal incision of 
the common bile duct and removal of visible stones to determine the stone distribution and identify 
residual stones, which were directly extracted with a stone basket when needed. Then, SO function was 
evaluated, and the biliary drainage method was chosen based on SO function and the presence of 
residual stones; external T tube drainage was chosen for normal SO without residual stones, and cholan-
gioenterostomy was chosen for SO laxity without residual stones. If residual stones could not be 
prevented, cholangioenterostomy and T-tube drainage were performed simultaneously[10]. 
Hepatectomy should be performed when bile duct stones are located within one liver lobe accompanied 
by atrophy or fibrosis, multiple liver abscesses secondary to bile duct infection, and suspected 
malignant masses. We applied the Pringle maneuver to occlude the blood inflow to the liver if 
necessary. Choledochoscopy was performed again after hepatic lobe resection to check for residual 
stones and to assess whether stones were cleared immediately. Bile acid was collected during the 
surgery and sent for bacterial culture and drug sensitivity testing in all patients.



Pu T et al. Prognosis in recurrent hepatolithiasis after surgery

WJG https://www.wjgnet.com 718 February 21, 2022 Volume 28 Issue 7

Postoperative management
Standardized and meticulous postoperative patient management was performed in all patients at an 
early stage, including monitoring of vital signs, proper tissue perfusion, and nutritional support. Gastric 
acid secretion inhibitors and broad-spectrum antibiotics were administered immediately after the 
surgery, and antibiotics were adjusted according to the results of bile acid culture. Liver function tests 
were performed at 1, 3, and 7 d after the surgery. According to the Clavien-Dindo classification system, 
complications occurring within 90 d postoperatively were classified as grades I-V. Before discharge, all 
patients underwent abdominal CT examination again to further confirm whether the stone was 
removed immediately during the surgery. Patients who undergo external drainage of the T tube should 
undergo cholangiography or choledochoscopy after discharge to confirm or remove residual stones. In 
the present study, for patients with immediate stone residue, we usually performed choledochoscopy 
through the sinus of the T tube at 6-8 wk after the surgery; this was performed several times until the 
stone was removed or could not be removed by any means. For patients with immediate clearance, we 
performed T-tube cholangiography at 2 wk after surgery. In case a residual stone was observed, we 
performed choledo-choscopy as described above.

Follow-up
All patients underwent regular postoperative follow-up by the same team of surgeons in the hepato-
biliary outpatient clinics or through telephone interviews at 2-3 mo after discharge. Follow-up 
evaluations included assessment of clinical symptoms and signs, routine blood tests, liver-function 
assessments, and US, CT, or MRCP to observe residual or recurrent stones. Postoperative residual 
stones were defined as stones that could not be removed by any method and were confirmed by US, CT, 
or MRCP 3 mo postoperatively[11]. Prognosis was evaluated according to the Terblanche criteria[12]. 
The patients were evaluated from 30 d to the end of the follow-up: (1) Grade I, no bile duct-related 
symptoms; (2) Grade II, occasional bile duct-related symptoms requiring no treatment; (3) Grade III, 
obvious bile duct-related symptoms requiring treatment; or (4) Grade IV, presence of anastomotic 
stricture or formation of bile duct stones requiring surgical intervention and causing disease-related 
cancer or death. Ter-blanche grades III and IV were considered to indicate a poor prognosis, which was 
the study endpoint.

Statistical analysis
Continuous variables are expressed as mean ± SD for normally distributed variables or median 
(interquartile range) for non-normally distributed variables, and appropriate statistical tests (the 
independent samples t-test or the Mann-Whitney U test) were used. Categorical variables are expressed 
as number (n) or proportion (%) and compared using the χ2 test or Fisher’s exact test, as appropriate. 
Assigned cutoff values for continuous variables were derived from the Youden index[13]. Univariate 
logistic regression was used to determine the independent risk factors related to the prognosis of 
patients with recurrent hepatolithiasis after multiple biliary surgeries in the training cohort. 
Multivariate logistic regression was conducted using variables with clinical meaning or statistical 
significance in the univariate analyses. A nomogram for the prognosis of patients with recurrent hepato-
lithiasis after biliary surgery was created based on a multivariate logistic regression model. The 
performance of the nomogram was evaluated using the concordance index (C-index) and calibration 
plots with bootstrap samples. The C-index is a numerical measure of discriminative ability, and 
calibration plots are graphical evaluations of predictive ability that compare observed probabilities with 
nomogram-predicted probabilities. The area under the curve (AUC) of the receiver operating charac-
teristic (ROC) curves and quality indices of models[14] in the training cohort and the external validation 
cohort were used to assess the predictive accuracy of the model in comparison with the three traditional 
classifications. The clinical usefulness of the nomogram was examined by determining the net benefit by 
using decision curve analysis (DCA)[15]. Clinical impact curves were also analyzed to demonstrate the 
predictive accuracy and clinical usefulness of the nomogram. The accuracy of the optimal cutoff value 
was assessed based on sensitivity, specificity, and predictive values. Statistical analyses were performed 
using R version 4.0.5, and SPSS version 23.0. Tests were 2-sided, and statistical significance was set at P 
< 0.05.

RESULTS
Baseline clinical characteristics and prognosis
Data of 943 consecutive patients who underwent surgical treatment for hepatolithiasis at the First 
Affiliated Hospital of Anhui Medical University between January 2015 and December 2020 were 
collected continuously. Among them, 363 patients (38.5%) with a history of biliary tract surgeries were 
classified as having recurrent hepatolithiasis. Of these 363 patients, 64 (17.6%) who did not fulfill the 
inclusion criteria were excluded: 28 were admitted to the hospital with a malignant tumor, 9 had a 
history of other abdominal surgery, 1 died in the perioperative period, 22 had incomplete clinical or 
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follow-up data, and 4 died of other causes after surgery. Ultimately, 299 (82.4%) patients were identified 
as the training cohort. Using the same criteria, 142 patients from the Second Affiliated Hospital of Anhui 
Medical University (57 cases), the First Affiliated Hospital of the University of Science and Technology 
of China (51 cases), and the First Affiliated Hospital of Bengbu Medical College (34 cases) were included 
in the external validation cohort. The two cohorts showed significant differences in the pre-, intra-, and 
postoperative clinical characteristics, as shown in Tables 1 and 2.

All patients had a history of multiple (1-6) biliary tract surgeries 1-55 years before this surgery. The 
training cohort included 199 (66.6%), 57 (19.1%), 33 (11.0%), and 10 (3.3%) patients who underwent 1, 2, 
3, and ≥ 4 surgeries, respectively. In total, 167 (55.9%) patients had a history of cholecystectomy only, 
without hepatectomy or biliary drainage, while 61 (20.4%) and 42 (14.0%) patients had a history of 
hepatectomy and cholangioenterostomy, respectively. The validation cohort included 101 (71.1%), 29 
(20.4%), 9 (6.3%), and 3 (2.1%) patients who underwent 1, 2, 3, and ≥ 4 surgeries, respectively; 167 
(55.9%) patients had previously undergone only cholecystectomy, while 23 (16.2%) and 11 (7.7%) 
patients had a history of hepatectomy and cholangioenterostomy, respectively. Gall bladder removal 
was performed in the first (93.0%) or second (7.0%) surgeries for all patients. The appropriate surgical 
method was selected on the basis of preoperative evaluation and intraoperative conditions, and 
anastomosis reconstruction was performed depending on the presence of stenosis. In the training 
cohort, 229 (76.6%) and 283 (94.6%) patients achieved immediate and final clearance, respectively, and 
129 (43.1%), 78 (26.1%), 66 (22.1%), and 26 (8.7%) patients showed Terblanche grades I-IV, respectively. 
In the validation cohort, 115 (81.0%) and 137 (96.5%) patients showed immediate and final clearance, 
respectively, and 53 (37.3%), 43 (30.3%), 34 (23.9%), and 12 (8.5%) patients showed Terblanche grades I-
IV, respectively.

Uni- and multivariate analysis in the training cohort
The results of univariate and multivariate analyses of prognosis based on common variables, including 
demographic data, clinical symptoms, surgical histories, serologic data, and operative data, in the 
training cohort are listed in Table 3. The optimal cutoff values of the neutrophil-to-lymphocyte ratio 
(NLR) and platelet-to-lymphocyte ratio were determined as described above. Factors that significantly 
affected prognosis in the univariate analysis were subjected to multivariate analysis, which 
demonstrated that more previous surgeries, bilateral hepatolithiasis, lack of immediate clearance, NLR ≥ 
2.462, and albumin-to-globulin ratio (AGR) ≤ 1.5 were independent risk factors for a poor prognosis in 
patients with recurrent hepatolithiasis.

Development and evaluation of the predictive model
The independent risk factors associated with prognosis were then used to construct a nomogram for 
estimating the risk of poor prognosis (Figure 1). The nomogram demonstrated good predictive 
performance in estimating the risk of poor prognosis after reoperation for recurrent hepatolithiasis [C-
index, 0.748; 95% confidence interval (CI): 0.687-0.810] in the training cohort and 0.743 (95%CI: 0.654-
0.832 in the validation cohort). The constructed model was internally validated using the bootstrap 
validation method (n = 1000) to reduce the overfitting bias, and the calibration plots in the internal and 
external validations demonstrated good consistency between the observed and predicted probabilities. 
The predicted curves approximately overlapped with the reference curves, indicating good performance 
of the nomograms in both cohorts (Figure 2). The Brier score for overall performance, which assesses the 
difference between the observed and predicted values, was 0.175 (values closer to 0 indicated better 
predictive ability). The calibration slope, which assesses the agreement between the observed and 
predicted values, was 1.0 (values closer to 1 indicate better performance)[16]. An online calculator was 
developed, and the nomograms are freely available at https://ahmuptt.shinyapps.io/DynNomapp/ for 
prognosis.

Comparison of the performance of the nomogram and traditional classifications models
The discriminative performance of the three traditional classification models (Hepatolithiasis Research 
Group, Tsunoda classification, and Chinese Medical Association) were compared with that of the 
nomogram established in this study through ROC analyses (Figure 3). The AUC of the nomogram and 
the three classification models were 0.750, 0.544, 0.552, and 0.565 in the training cohort and 0.754, 0.608, 
0.508, and 0.586 in the validation cohort, respectively. Thus, the nomogram showed better accuracy in 
predicting the prognosis for recurrent hepatolithiasis after reoperation. The optimal cutoff value of the 
nomogram total score was 77.5 in the ROC curve considering the maximum Youden index value, and 
the sensitivity and specificity for differentiating between good and poor prognoses were 62.0% and 
79.2%, respectively. Using this cutoff value, patients with total nomogram scores of < 77.5 points or ≥ 
77.5 points were classified as having a low or high risk of poor prognosis. In Figure 4, DCA graphically 
shows that the use of the nomogram to predict prognosis when the threshold probability ranged from 
0.2 to 0.6 added more net benefit than the other three traditional classifications. The clinical impact 
curves of the nomogram indicated that the models had remarkable predictive power. Finally, in 
comparison with the other three traditional classifications, the fit indices of the nomogram are also 
visually reported in Figure 5.

https://ahmuptt.shinyapps.io/DynNomapp/
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Table 1 Preoperative clinical characteristics of patients with recurrent hepatolithiasis after biliary surgery

Training cohort Validation cohort
Characteristic

N = 299 N = 142
P value

Sex 0.785

Male 93 (31.1%) 46 (32.4%)

Female 206 (68.9%) 96 (67.6%)

Age (yr) 0.613

< 60 153 (51.2%) 69 (48.6%)

≥ 60 146 (48.8%) 73 (51.4%)

BMI 21.72 ± 2.87 22.19 ± 2.96 0.317

Abdominal pain 0.204

No 39 (13.0%) 25 (17.6%)

Yes 260 (87.0%) 117 (82.4%)

Fever 0.162

No 175 (58.5%) 93 (65.5%)

Yes 124 (41.5%) 49 (34.5%)

Jaundice 0.060

No 227 (75.9%) 119 (83.8%)

Yes 72 (24.1%) 23 (16.2%)

Number of previous surgeries 0.374

1 199 (66.6%) 101 (71.1%)

2 57 (19.1%) 29 (20.4%)

3 33 (11.0%) 9 (6.3%)

≥ 4 10 (3.3%) 3 (2.1%)

Previous hepatectomy 0.293

No 238 (79.6%) 119 (83.8%)

Yes 61 (20.4%) 23 (16.2%)

Previous cholangioenterostomy 0.057

No 257 (86.0%) 131 (92.3%)

Yes 42 (14.0%) 11 (7.7%)

NLR 0.453

< 2.462 188 (62.9%) 84 (59.2%)

≥ 2.462 111 (37.1%) 58 (40.8%)

< PLR 0.804

173.74 237 (79.3%) 114 (80.3%)

≥ 173.74 62 (20.7%) 28 (19.7%)

AGR 0.430

> 1.5 104 (34.8%) 44 (31.0%)

≤ 1.5 195 (65.2%) 98 (69.0%)

TB (μmol/L) 0.262

< 34.2 249 (83.3%) 112 (78.9%)

≥ 34.2 50 (16.7%) 30 (21.1%)

ALT (IU/L) 0.474
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< 50 181 (60.5%) 91 (64.1%)

≥ 50 118 (39.5%) 51 (35.9%)

AST (IU/L) 0.522

< 40 180 (60.2%) 90 (63.4%)

≥ 40 119 (39.8%) 52 (36.6%)

ALP (IU/L) 0.053

< 200 180 (60.2%) 99 (69.7%)

≥ 200 119 (39.8%) 43 (30.3%)

GGT (IU/L) 0.182

< 150 146 (48.8%) 79 (55.6%)

≥ 150 153 (51.2%) 63 (44.4%)

HBsAg 0.107

Negative 271 (90.6%) 135 (95.1%)

Positive 28 (9.4%) 7 (4.9%)

CA19-9 (U/mL) 0.428

< 34 208 (69.6%) 104 (73.2%)

≥ 34 91 (30.4%) 38 (26.8%)

Hepatolithiasis research group 0.089

I 19 (6.4%) 18 (12.7%)

II 152 (50.8%) 67 (47.2%)

III 100 (33.4%) 49 (34.5%)

IV 28 (9.4%) 8 (5.6%)

Tsunoda classification 0.052

I 17 (5.7%) 19 (13.4%)

II 166 (55.5%) 74 (52.1%)

III 100 (33.4%) 43 (30.3%)

IV 16 (5.4%) 6 (4.2%)

Chinese medical association 0.295

I 238 (79.6%) 123 (86.6%)

IIa 30 (10.0%) 8 (5.6%)

IIb 25 (8.4%) 8 (5.6%)

IIc 6 (2.0%) 3 (2.1%)

BMI: Body mass index; NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; AGR: Albumin-to-globulin ratio; TB: Total bilirubin; ALT: 
Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; GGT: γ-glutamyl transpeptidase; HbsAg: Hepatitis B surface 
antigen; CA19-9: Carbohydrate antigen 19-9.

DISCUSSION
Our study indicated that for patients with recurrent hepatolithiasis following multiple biliary tract 
surgeries, multiple previous surgeries, bilateral hepatolithiasis, failure to clear the stones immediately, 
preoperative NLR ≥ 2.462, and preoperative AGR ≤ 1.5 were significant predictors. These factors 
combined the patients’ medical history, preoperative imaging and serological data, and intraoperative 
outcomes to comprehensively quantify the prognosis of patients in a concise and intuitive manner. 
Multiple validation methods also indicated that the model had sufficient statistical power to predict the 
prognosis. Moreover, considering the inconvenience of traditional nomograms for clinical use, an online 
version of the nomogram was built, which could be easily accessed using computers, smartphones, or 
other mobile devices, thereby greatly improving clinical practicability.
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Table 2 Intra- and postoperative clinical characteristics of patients with recurrent hepatolithiasis after biliary surgery

Training cohort Validation cohort
Characteristic

N = 299 N = 142
P value

Operation duration (h) 0.168

≤ 2 66 (22.1%) 38 (26.8%)

2-4 122 (40.8%) 64 (45.1%)

> 4 111 (37.1%) 40 (28.2%)

Liver cirrhosis 0.690

No 261 (87.3%) 122 (85.9%)

Yes 38 (12.7%) 20 (14.1%)

Hepatic atrophy 0.068

No 124 (41.5%) 72 (50.7%)

Yes 175 (58.5%) 70 (49.3%)

Intrahepatic stenosis 0.182

No 238 (79.6%) 105 (73.9%)

Yes 61 (20.4%) 37 (26.1%)

Extrahepatic stones 0.813

No 64 (21.4%) 29 (20.4%)

Yes 235 (78.6%) 113 (79.6%)

Hepatectomy 0.084

No 101 (33.8%) 60 (42.3%)

Yes 198 (66.2%) 82 (57.7%)

Bilateral hepatolithiasis 0.074

No 238 (79.6%) 123 (86.6%)

Yes 61 (20.4%) 19 (13.4%)

Drainage mode 0.125

External T tube drainage 205 (68.6%) 109 (76.8%)

Cholangioenterostomy 44 (14.7%) 19 (13.4%)

Combined drainage 50 (16.7%) 14 (9.9%)

Function of the SO 0.521

Normal 130 (43.5%) 72 (50.7%)

Dysfunction 62 (20.7%) 27 (19.0%)

Nonfunctional 83 (27.8%) 32 (22.5%)

Resected 24 (8.0%) 11 (7.7%)

Intraoperative bleeding (mL) 0.465

< 400 285 (95.3%) 133 (93.7%)

≥ 400 14 (4.7%) 9 (6.3%)

Blood transfusion 0.112

No 258 (86.3%) 130 (91.5%)

Yes 41 (13.7%) 12 (8.5%)

TB after operation (μmol/L) 0.131

< 34.2 232 (77.6%) 119 (83.8%)

≥ 34.2 67 (22.4%) 23 (16.2%)
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Bile culture 0.471

Negative 196 (65.6%) 98 (69.0%)

Positive 103 (34.4%) 44 (31.0%)

Clavien-Dindo classification 0.784

< III 286 (95.7%) 135 (95.1%)

≥ III 13 (4.3%) 7 (4.9%)

Hospitalization expenses 48272 ± 22537 44933 ± 25354 0.164

Immediate clearance 0.298

Yes 229 (76.6%) 115 (81.0%)

No 70 (23.4%) 27 (19.0%)

Final clearance 0.399

Yes 283 (94.6%) 137 (96.5%)

No 16 (5.4%) 5 (3.5%)

SO: Sphincter of Oddi; TB: Total bilirubin.

Reoperation remains the preferred treatment for patients with recurrent hepatolithiasis. Satisfactory 
stone-clearance rates can be achieved through comprehensive preoperative evaluation, meticulous 
intraoperative exploration, and postoperative T-tube angiography with or without choledochoscopy. All 
patients in this study showed recurrent hepatolithiasis after biliary tract surgery. The immediate and 
final clearance rates were 78.0% and 95.2%, respectively, which were lower than those reported in 
previous studies that did not distinguish between primary and recurrent hepatolithiasis[17-19].

In addition to requiring traumatic wounds, repeated surgeries impose an enormous psychological 
and economic burden on patients and their families. Moreover, consi-dering the difficulty in guaran-
teeing the prognosis, patients will inevitably blame the surgeon, raising the possibility of doctor-patient 
conflict. Thus, accurate evaluation of the condition of patients with recurrent hepatolithiasis and 
provision of references for clinical efficacy are essential. However, the existing classification models for 
hepatolithiasis cannot describe the curative effect of prospective evaluation. In this study, we collected 
clinical and follow-up data of patients who underwent reoperation for recurrent hepatolithiasis at four 
large hepatobiliary centers and established and validated a nomogram model based on multicenter 
data. To the best of our know-ledge, this is the first study to establish a predictive model for prognosis 
follow-ing multiple biliary tract surgeries in patients with recurrent hepatolithiasis after initial biliary 
surgery.

The nomogram clearly showed that the risk of a worse prognosis increased with the number of 
previous surgeries. The serious abdominal adhesions caused by repeated surgeries and the resultant 
disconnection and anastomosis of the tube will lead to complicated intraoperative conditions, making it 
difficult to excise the lesion and clear the stones accurately and increasing the possibility of a poor 
prognosis. Moreover, the nomogram showed that the model score for cases with three previous 
surgeries (67 points) was much higher than that for cases with two previous surgeries (33 points), 
suggesting that three previous surgeries significantly increased the possibility of a poor prognosis. 
Thus, in patients with an extended surgical history for the treatment of hepatolithiasis, a curative 
procedure and good quality of life are difficult to achieve, and such patients may experience prolonged 
disease in addition to the tremendous economic pressure caused by the repeated surgeries. Therefore, 
the benefits and disadvantages of repeat surgeries for patients should be weighed with care. We 
propose that conservative or non-open surgical treatment should be considered as the first choice of 
treatment, with conventional open surgery considered the second choice, for patients with a total 
nomogram score of > 77.5 or patients who meet the following criteria: (1) ≥ 3 previous surgeries; (2) No 
obvious bile duct stenosis on preoperative imaging examinations; (3) No suspicious malignant liver-
occupying sites; and (4) No obvious jaundice or cholangitis.

In recent years, newer interventional therapies such as percutaneous transhepatic choledochoscopic 
lithotripsy (PTCSL) have been attempted by an increasing number of surgeons. Since its development in 
the 1970s[20], PTCSL has undergone major advancements and shows an ideal effect when combined 
with 3D visualization techno-logy[21,22]. One study reported that PTCSL could be performed in 
patients with biliary strictures and yielded an optimal effect[23]. However, since most hepatobiliary 
surgeons have not gained expertise in this new technique, patients undergoing PTCSL were not 
included in this study for comparison. Through continuous learning, we hope to conduct prospective 
studies in the future to verify and enrich the pre-diction model of the nomogram in our study.
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Table 3 Univariable and multivariable logistic regression analyses of the risk factors for a poor prognosis in patients with recurrent 
hepatolithiasis

Univariable analysis Multivariable analysis
Variable

P value OR (95%CI) P value OR (95%CI)

Sex: Female/Male 0.328 1.311 (0.762-2.257)

Age (yr): ≥ 60/< 60 0.603 1.139 (0.697-1.862)

BMI 0.068 0.921 (0.843-1.006

Abdominal pain: Yes/No 0.066 0.525 (0.264-1.043)

Fever: Yes/No 0.083 1.551 (0.945-2.547)

Jaundice: Yes/No 0.406 1.270 (0.724-2.230)

Previous operation times

2 times/1 time 0.384 1.337 (0.695-2.571) 0.299 1.451 (0.719-2.932)

3 times/1 time < 0.001 4.840 (2.241-10.454) < 0.001 4.573 (2.015-10.378)

≥ 4 times/1 time 0.005 7.340 (1.827-29.498) 0.018 5.741 (1.347-24.470)

Previous hepatectomy: Yes/No 0.026 1.936 (1.082-3.463) 0.144 1.642 (0.845-3.190)

Previous cholangioenterostomy: Yes/No 0.455 1.299 (0.654-2.577)

NLR: ≥ 2.462/< 2.462 0.001 2.334 (1.410-3.863) 0.022 1.915 (1.099-3.337)

PLR: ≥ 173.74/< 173.74 0.069 1.714 (0.959-3.065)

AGR: ≤ 1.5/> 1.5 0.002 2.459 (1.393-4.338) 0.033 1.949 (1.056-3.595)

TB (μmol/L): ≥ 34.2/< 34.2 0.381 1.330 (0.703-2.518)

ALT (IU/L): ≥ 50/< 50 0.664 1.117 (0.677-1.843)

AST (IU/L): ≥ 40/< 40 0.169 1.418 (0.862-2.333)

ALP (IU/L): ≥ 200/< 200 0.060 1.613 (0.981-2.654)

GGT (IU/L): ≥ 150/< 150 0.464 1.202 (0.735-1.967)

HBsAg: Positive/Negative 0.791 0.890 (0.377-2.103)

CA19-9 (U/mL): ≥ 34/< 34 0.058 1.656 (0.984-2.787)

Operation duration (h)

2-4/≤ 2 0.803 1.085 (0.572-2.057)

> 4/≤ 2 0.497 0.794 (0.408-1.545)

Liver cirrhosis: Yes/No 0.049 2.008 (1.004-4.016) 0.478 1.343 (0.595-3.034)

Hepatic atrophy: Yes/No 0.469 0.833 (0.507-1.368)

Intrahepatic stenosis: Yes/No 0.054 1.772 (0.989-3.176)

Extrahepatic stones: Yes/No 0.481 0.810 (0.450-1.456)

Hepatectomy: Yes/No 0.019 0.543 (0.326-0.904) 0.211 0.692 (0.389-1.232)

Bilateral hepatolithiasis: Yes/No 0.011 2.114 (1.183-3.775) 0.038 1.965 (1.039-3.717)

Drainage mode

Cholangioenterostomy/External T tube drainage 0.292 0.663 (0.308-1.425)

Combined drainage/External T tube drainage 0.325 1.381 (0.726-2.629)

Function of the SO

Dysfunction/Normal 0.760 1.110 (0.567-2.173)

Nonfunctional/Normal 0.051 1.791 (0.997-3.219)

Resected/Normal 0.845 0.905 (0.332-2.464)

Intraoperative bleeding (mL): ≥ 400/< 400 0.682 1.264 (0.412-3.883)
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Blood transfusion: Yes/No 0.053 1.946 (0.993-3.815)

TB after operation (μmol/L): ≥ 34.2/< 34.2 0.908 1.035 (0.576-1.862)

Bile culture: Positive/Negative 0.384 1.255 (0.753-2.093)

Clavien-Dindo classification: ≥ III/< III 0.541 1.430 (0.455-4.494)

Hospitalization expenses 0.913 1.000 (1.000-1.000)

Immediate clearance: No/Yes < 0.001 3.271 (1.874-5.711) 0.005 2.398 (1.304-4.409)

Final clearance: No/Yes 0.030 3.098 (1.117-8.595) 0.558 1.448 (0.420-4.996)

BMI: Body mass index; NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; AGR: Albumin-to-globulin ratio; TB: Total bilirubin; ALT: 
Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; GGT: γ-glutamyl transpeptidase; HbsAg: Hepatitis B surface 
antigen; CA19-9: Carbohydrate antigen19-9; SO: Sphincter of Oddi; OR: Odds ratio; CI: Confidence interval.

Figure 1 Nomogram for predicting prognosis in the training cohort. NLR: Neutrophil-to-lymphocyte ratio; AGR: Albumin-to-globulin ratio.

The treatment of bilateral hepatolithiasis is more complicated and difficult than that of unilateral 
hepatolithiasis: Intraoperative lithotomy is more difficult, and the postoperative residual stone rate is 
higher[19]. Moreover, even if liver resection is performed, it is difficult to avoid residual stones on the 
opposite side of the liver, resulting in a higher probability of poor prognosis or recurrence. Many 
studies have confirmed these outcomes[18,24,25]. Hepatectomy on the severe side combined with 
choledochoscopic lithotripsy is a better treatment for bilateral hepatolithiasis with or without 
intrahepatic biliary strictures[18,19]. Due to the repeated stone stimulation and attacks of cholangitis, 
the affected hepatic segments are usually damaged, atrophied, or narrowed, while the unaffected 
hepatic segments may show compen-satory hyperplasia. Anatomical hepatectomy is a crucial factor in 
the treatment of hepatolithiasis[18,26,27]. In addition, for bilateral hepatolithiasis, the use of three-
dimensional reconstruction has been shown to improve the immediate clearance rate (96.1% vs 81%) and 
the final clearance rate (100% vs 90.5%)[28].

The nomogram also included two laboratory indicators, NLR and AGR. As common indicators of 
immune function and inflammation, NLR and AGR have been used to determine the prognosis of 
various benign and malignant diseases[29-32]. AGR reflects the degree of inflammation as well as the 
nutritional status of the human body, which can form a vicious cycle and promote disease development
[33]. A reduction or inversion of AGR, which also appears in cirrhosis and chronic hepatitis, indicates 
serious liver damage. A previous study indicated that elevated NLR is an independent risk factor for 
secondary intrahepatic cholangiocarcinoma (ICC) after surgery for hepatolithiasis[34], but the 
association between elevated NLR and ICC remains to be elucidated. Inflammation and subtle 
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Figure 2 Calibration curves for predicting the prognosis. The nomogram had c-index values of 0.748 and 0.743 in the training and validation cohorts, 
respectively. A: In the training; B: In the validation cohorts.

Figure 3 Receiver operating characteristic curve of our nomogram and other three traditional classifications. A: In the training; B: In the 
validation cohorts. AUC: Area under the curve.

alterations in immune regulation may play important roles in this process[35]. We found that NLR and 
AGR independently affected the prognosis of patients with recurrent hepatolithiasis. Therefore, we 
included both in the nomogram and validated them in the validation group.

This study highlights the problem of concomitant ICC, which has been reported to occur in 2.5% of 
patients with intrahepatic stones[19]. To avoid the influence of malignant tumors on the prognosis of 
patients with hepatolithiasis during the follow-up period, patients in the training and validation groups 
who showed ICC at the time of hospitalization were excluded (7.7%). Moreover, cancer was regarded as 
one of the long-term complications of hepatolithiasis in the follow-up, and was classified as a follow-up 
endpoint (15 patients, 3.4%), in agreement with previous studies[19,25,34,36,37].

Our study has some limitations that merit discussion. First, although laparoscopic treatment of biliary 
tract stones has gradually attracted research attention, some studies have suggested that laparoscopic 
treatment of biliary tract stones in patients with a history of biliary tract surgery is feasible and has 
advantages[38,39]. In our study, only 35 and 19 patients in the training and validation groups, 
respectively, were completely operated by laparoscopy. We did not use laparoscopic surgery as a 
routine procedure because all patients included in this study had a history of biliary tract surgery, 
unlike the previous studies. During the actual surgeries, the abdominal cavity adhesions of patients 
with different surgical durations were very different. Converse-ly, a previous study reported that 
laparoscopic surgery and open surgery for patients with a history of biliary system surgery showed no 
statistically significant differences in the surgical duration, blood loss, the postoperative hospitalization 
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Figure 4 The decision curve analysis of our nomogram and three other traditional classifications. The x-axis represents the threshold probability 
and the y-axis represents the net benefit. The horizontal solid black line represents the hypothesis that no patients reached the endpoint, and the solid gray line 
represents the hypothesis that all patients met the endpoint. A: In the training; B: In the validation cohorts; C: Clinical impact curves of the nomogram in the training; 
D: Validation cohorts. At different threshold probabilities within a given population, the number of high-risk patients and the number of high-risk patients with the 
outcome are shown.

duration, postoperative complications, and the calculi clearance rate[40]. Moreover, considering the 
majority of rural patients, economic affordability also needs to be considered. Thus, since many patients 
had undergone multiple biliary tract surgeries, we chose the most suitable surgical mode according to 
the individual patient characteristics.

Moreover, this was a retrospective study with inherent defects as a result of potential biases, and 
prospective validation is required to confirm the value of the findings. Since the aim of this study was to 
establish prognosis prediction in surgically treated recurrent hepatolithiasis patients, subsequent 
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Figure 5 Visual fit indices of our nomogram and other three traditional classifications. A: In the training; B: In the validation cohorts.

treatment and prognosis of patients who progressed to ICC after reoperation were not analyzed further. 
Lastly, the present algorithm considered only patients who underwent surgery; therefore, a selection 
bias is likely.

CONCLUSION
In conclusion, our study is the first to develop and validate a novel online nomogram based on 
independent risk factors to dynamically predict the prognosis of patients with recurrent hepatolithiasis 
after reoperation. The nomogram is easy to use, highly accurate, and shows excellent calibration. The 
nomogram demonstrated superior performance and discriminative power compared to the three 
traditional classifications, which can help clinicians alert people at a higher risk of poor prognosis as 
early as possible and provide information for designing personalized clinical treatment of different 
patients.

ARTICLE HIGHLIGHTS
Research background
Hepatolithiasis is a refractory benign disease with high recurrence rate. Many patients have poor 
prognosis.

Research motivation
There have been no large studies of patients with hepatolithiasis, and there are no clear risk factors for 
prognosis in these patients.
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Research objectives
We aimed to find the risk factors affecting the prognosis of these patients and establish a prediction 
model which is conducive to clinical surgical decision-making.

Research methods
We collected data of hepatolithiasis patients in four large medical centers, identified independent risk 
factors and established nomogram. And then we used the concor-dance index, calibration, area under 
curve, decision curve analysis, clinical impact curves, and visual fit indices to evaluate the accuracy of 
the nomogram.

Research results
Multiple previous surgeries, bilateral hepatolithiasis, absence of immediate clearance, neutrophil-to-
lymphocyte ratio ≥ 2.462, and albumin-to-globulin ratio ≤ 1.5 were found to be independent factors 
influencing the prognosis. And our nomogram has a higher predictive value than traditional classific-
ations.

Research conclusions
A nomogram for predicting the prognosis of patients with recurrent hepatolithiasis was established for 
the first time, and an online calculator was set up to help surgeons make clinical decisions.

Research perspectives
More medical centers included, more data collection, and application of “Artificial Intelligence”.
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