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Objective: For patients with gallstones, laparoscopy combined with choledochoscopic lithotomy is a therapeutic surgical option for preservation rather than the removal of the gallbladder. However, postoperative recurrence of gallstones is a key concern for both patients and surgeons. This prospective study was performed to investigate the risk factors for early postoperative recurrence of gallstones.

Methods: The clinical data of 466 patients were collected. Each patient was followed up for up to 2 years. The first follow-up visit occurred 4 months after the operation, and a follow-up visit was carried out every 6 months thereafter. The main goal of each visit was to confirm the presence or absence of gallbladder stones. The factors associated with gallstone recurrence were analyzed by univariate analysis and Cox regression.

Results: In total, 466 eligible patients were included in the study, and 438 patients (180 men and 258 women) completed the 2-year postoperative follow-up. The follow-up rate was 94.0%. Recurrence of gallstones was detected in 5.71% (25/438) of the patients. Univariate analysis revealed five risk factors for the recurrence of gallstones. Multivariate Cox regression analysis showed that multiple gallstones, a gallbladder wall thickness of ≥4 mm, and a family history of gallbladder stones were the three predictive factors for postoperative recurrence of gallstones (P < 0.05).

Conclusion: The overall 2-year recurrence rate of gallstones after the operation was 5.71%. Multiple gallstones, a gallbladder wall thickness of ≥4 mm, and a family history of gallstones were the three risk factors associated with early postoperative recurrence of gallstones.
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BACKGROUND

Gallstone disease is common worldwide. With the recent rapid economic developments and trends toward a Westernized lifestyle, eating habits, and dietary structure, the incidence of gallstones has reached >10% in the general population (1). Gallstones are associated with potential hazards that may lead to acute cholecystitis or related severe complications that may become life-threatening.

Laparoscopic cholecystectomy is considered the gold standard treatment for gallstones. However, laparoscopic cholecystectomy-related bile duct injuries and bile leakage are detrimental, although they occur at a very low rate (2). Moreover, cholecystectomy is reportedly associated with postoperative abnormalities such as dyspepsia, diarrhea, gastroesophageal reflux, and an increased incidence of choledocholithiasis (3). Long-term disadvantages of cholecystectomy have also been reported, including suppression of the immune system (4, 5), hyperlipidemia (6), liver steatosis (7), and an increased risk of colon cancer (8–10). These complications have gained the attention of both doctors and patients, who have recognized the importance of the gallbladder in maintaining physiological functions (11).

It is therefore rational to explore the application of laparoscopy combined with choledochoscopic lithotomy as a surrogate therapeutic option for subgroups of patients with gallstones who still have normal gallbladder function. However, the risk of postoperative gallstone recurrence remains controversial (12). Some early studies (13, 14) showed that the 5-year recurrence rate of gallstones was >30% after laparoscopy combined with choledochoscopic lithotomy. However, these studies lacked strict selection criteria for patients suitable for this operation; in particular, whether gallbladder function was normal had not been considered. Furthermore, no postoperative medical interventions were applied. With surgeons' accumulated experience in this area and the development of a proposed clinical guideline in recent decades, laparoscopy combined with choledochoscopic lithotomy has been gradually proven to be safe and effective with a relatively low rate of gallstone recurrence (15, 16). A recent retrospective study (17) showed that the overall recurrence rate of cholecystolithiasis was 9.66% among 145 patients after choledochoscopic gallbladder-preserving surgery with a median follow-up of 36 months, and the estimated 5-year recurrence rate for all patients was 12.5%. Our research group found that most cases of gallstone recurrence occurred within 2 years postoperatively, in line with a previous report (18). Another study (19) showed that the overall recurrence rate of gallbladder stones was 9.3% with a median follow-up of 59 months. Most recurrences occurred within 2 years; the recurrence rate was 7.6%. Therefore, it is important to investigate the risk factors associated with the early recurrence of gallstones within 2 years after surgery.

In this prospective study, 438 patients underwent laparoscopy combined with choledochoscopic lithotomy and were followed up for 2 years after the operation. We found that the recurrence rate of gallstones was 5.71%. The factors associated with gallstone recurrence included multiple gallstones, a gallbladder wall thickness of ≥4 mm, and a family history of gallbladder stones.



PATIENTS AND METHODS


Inclusion and Exclusion Criteria

All patients in this study underwent laparoscopy combined with choledochoscopic lithotomy at the Center of Gallbladder Diseases of Shanghai East Hospital, Tongji University School of Medicine from March 1, 2015, to March 1, 2017. Figure 1 shows the flow chart of this study.
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FIGURE 1. Study flowchart.


The inclusion criteria for the operation were as follows: (1) the patients who had the gallstones were somewhat symptomatic. Most patients had a dull pain in the upper abdomen or right upper abdomen when eating too much, eating high-fat foods, working stress or not having a good rest, or have full discomfort, belching, hiccups, etc.; (2) the presence of gallstones as diagnosed by ultrasonography and a gallstone volume of no more than half the fasting volume (FV) of the gallbladder; (3) evaluation of the gallbladder contractility function by B-type ultrasonography in the fasting state and 90 min after the ingestion of high-fat food (two fried eggs) as previously described (20), with a >50% calculated ejection fraction of the gallbladder; (4) no history of upper abdominal surgery; and (5) the patient's strong willingness to preserve the gallbladder with awareness of the possibility of gallstone recurrence after the operation.

The exclusion criteria were as follows: (1) any complications, including acute cholecystitis, acute cholangitis, biliary pancreatitis, or gallbladder atrophy, as identified by B-type ultrasonography or intraoperative examination; (2) partial/complete cystic duct obstruction, common bile duct stones, ulcerative colitis, or Crohn's disease; (3) suspicion of gallbladder malignancy; (4) a <50% calculated ejection fraction of the gallbladder; (5) conversion to cholecystectomy during the operation because of gallbladder conditions unsuitable for laparoscopy combined with choledochoscopic lithotomy, such as adhesion between the gallbladder and other tissue, gallbladder adenomyomatosis, or a folded gallbladder; (6) lack of postoperative follow-up data or inability to perform follow-up for 2 years; and (7) lack of treatment with tauroursodeoxycholic acid (TUDCA) at 500 mg/day for at least 6 months.



Clinical Data

Clinical data, including sex, age, body mass index (BMI), family history, presence of diabetes, dietary habits, physical activity, duration of gallstone disease, and family history of gallstone disease, were collected. On the morning of admission, venous blood was collected for the measurement of serum biochemical variables such as liver enzymes, lipids, glucose, and electrolytes. Data on the number of gallstones, thickness of the gallbladder wall, and gallbladder contractility function were also collected. The patients' dietary habits were graded as fatty with an irregular pattern (eating high-fat foods, such as fried foods, butter, cheese, bacon, and ice cream; not eating breakfast, eating one meal and forgetting the next meal, or waiting a long interval between two meals) or light with a regular pattern. Physical activity was graded as yes (exercise such as jogging, yoga, or swimming at least twice a week for no <2 h each time) or no (no regular exercise; i.e., sedentary). Data on the gallbladder contractility function and thickness of the gallbladder wall were obtained by B-type ultrasonography as previously described (20). The gallbladder volume was measured in the fasting state and 90 min after the ingestion of high-fat food (two fried eggs) and calculated by the following formula: volume = π/6 × height × width × length (mL). The FV was designated from the residual volume (RV). The emptying fraction was calculated as follows: (FV – RV)/FV × 100%. The gallstones were collected during the operation and counted.



Operative Procedure

Under general anesthesia, all patients were maintained in the supine reverse Trendelenburg position with the table tilted downward to the patient's left, and carbon dioxide pneumoperitoneum was established with an intraperitoneal pressure of ~13–14 mmHg. A laparoscope was inserted through an umbilical trocar. After laparoscopic monitoring, one 5-mm trocar was placed in the right subcostal region, which was the body surface projection of the gallbladder fundus (where the choledochoscope was introduced); another 5-mm trocar was placed below the xiphoid (where the surgical instruments were introduced). A piece of dry gauze was placed around the gallbladder, and a small incision was made at the bottom of the gallbladder fundus according to the size of the stones. The stones were extracted with a grasping basket, removed from the gallbladder, and placed in a specimen bag. When the stones had been completely removed, the choledochoscope was placed again. The bile flow was observed refluxing from the gallbladder tube, and the cystic duct patency was confirmed. No bleeding or residual stones were present in the gallbladder lumen after the procedure, and the incision was closed using a running suture of 4/0 Vicryl Plus (ETHICON Johnson & Johnson, New Brunswick, NJ, United States). The specimen bag and gauze were removed through the right-side 10-mm working channel. Finally, the operative field was washed repeatedly with saline and suctioned. In the absence of active bleeding and bile leakage, no drainage tube was routinely placed. The trocars were pulled out, and the ports were closed with stitches. The instruments used in this study included a laparoscope (Storz, Tuttlingen, Germany), a soft choledochoscope (Olympus, Tokyo, Japan), a grasping basket for stone removal, and a biopsy clamp. All the surgical procedures in this study were completed by the same attending surgeon and his team.



Postoperative Management

All patients were discharged the second day after the operation with no complications. The day after the operation, all patients started treatment with TUDCA at a dose of 5 mg/kg orally once a day, and the therapy was continued for at least 6 months. The patients' liver function was monitored at 3-month intervals to check for adverse effects of the drug. The patients were encouraged to implement a low-fat diet and proper exercise in their daily life according to the instructions prepared by the healthcare center.



Patient Follow-Up

All patients were followed up for 2 years, and the findings of the follow-up visits were recorded. The first follow-up visit occurred 4 months after the laparoscopy combined with choledochoscopic lithotomy, and additional follow-up visits occurred every 6 months thereafter. During each follow-up visit, the patients were clinically examined. B-type ultrasonography of the gallbladder was performed. Gallstone recurrence was defined as the detection of any echogenic object with an acoustic shadow or gravity dependence (sludge) in the gallbladder.



Statistical Analysis

Continuous variables are expressed as mean ± SD, and categorical variables are expressed as number and percentage. Differences between groups were compared by the t-test or chi-square test. Univariate analysis and multivariate Cox regression analysis were performed to explore the risk factors associated with gallstone recurrence. A two-sided P-value of < 0.05 was considered statistically significant. The predicted risk factors for early gallbladder stone recurrence after laparoscopy combined with choledochoscopic lithotomy were also analyzed by Kaplan–Meier survival analysis. All statistical analyses were performed using SPSS 23.0 software (IBM Corp., Armonk, NY, United States).




RESULTS


Patients' Characteristics

From March 1, 2015, to March 1, 2017, 466 patients underwent laparoscopy combined with choledochoscopic lithotomy. Twenty-eight patients dropped out during the follow-up period and were excluded. Thus, 438 patients were analyzed in this study, including 180 men and 258 women (men: women ratio of 1.00:1.43). Within this cohort, the follow-up rate was 93.99%. The mean age at admission was 42.5 ± 13.1 years (range, 22–75 years).

The mean follow-up time after surgery was 23.3 ± 2.9 months. Twenty-five patients had disease recurrence (recurrence group), with a 5.71% overall recurrence rate. Of the 25 patients who developed recurrence, 16 (64%) underwent cholecystectomy and 9 (36%) received conservative treatment.

Those who had recurred gallstones (64%) still have some clinical symptoms related to stones or the diameter of the stones is >1.0 cm or the number of recurring stones is >1. However, for the rest of the patients (36%), the number of recurring stones is only 1, and the diameter of the stones is <1.0 cm; therefore, they are not subjected to laparoscopic cholecystectomy yet. These patients are regularly and intensively followed up and still treated with TUDCA. The baseline characteristics of all patients are shown in Table 1.


Table 1. Patients' general clinical data (n = 438).

[image: Table 1]

Age and BMI did not differ between the two groups. Two hundred (45.7%) patients had a single gallstone, whereas 238 (55.3%) patients had multiple stones. The ejection fraction of the gallbladder was comparable between the recurrence group (0.57% ± 0.32%) and the non-recurrence group (0.63% ± 0.31%) (P > 0.05).



Analysis of Factors Associated With Recurrence of Gallstones

We first performed a univariate analysis for the association of factors with the postoperative recurrence of gallstones. We found that multiple gallbladder stones (odds ratio [OR], 0.227; 95% confidence interval [CI], 0.077–0.671; P = 0.004), a gallbladder wall thickness of ≥4 mm (OR, 4.726; 95% CI, 1.452–5.385; P = 0.020), a family history of gallbladder stones (OR, 16.958; 95% CI, 4.768–60.318; P = 0.000), a high serum total cholesterol level (OR, 4.157; 95% CI, 1.692–10.213; P = 0.003), and a high serum triglyceride level (OR, 35.270; 95% CI, 12.597–98.748; P = 0.000) were associated with the recurrence of gallstones (Table 2). Sex, age, BMI, dietary habits, physical activity, duration of the gallstone disease, gallbladder contractility function, and diabetes were not associated with the recurrence of gallstones (Table 2).


Table 2. Results of chi-square test of postoperative gallbladder stone recurrence.
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We then performed a multivariate Cox regression analysis. The results showed that multiple gallbladder stones (hazard ratio [HR], 4.321; 95% CI, 1.478–12.631; P = 0.007), a gallbladder wall thickness of ≥4 mm (HR, 4.289; 95% CI, 1.451–12.677; P = 0.008), and a family history of gallbladder stones (HR, 11.878; 95% CI, 4.375–32.251; P = 0.000) remained as independent factors associated with gallstone recurrence (Table 3).


Table 3. Results of Cox regression analysis of postoperative gallbladder stone recurrence.
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Kaplan–Meier Analysis

We further stratified the patients according to the number of gallstones, gallbladder thickness, and presence of a family history of gallbladder stones and performed a Kaplan–Meier analysis. The recurrence rate among patients with a single gallbladder stone was 2% (4/200), and that among patients with multiple gallbladder stones was 8.8% (21/238). The mean recurrence time in patients with a single gallbladder stone was 23.77 ± 0.12 months, which was significantly longer than that in patients with multiple gallbladder stones (22.95 ± 0.24 months) (χ2 = 9.42, P = 0.002) (Figure 2A).
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FIGURE 2. (A) Kaplan–Meier cumulative no recurrence rate according to the number of gallstones. (B) Kaplan–Meier cumulative no recurrence rate according to a thickness of gallbladder wall. (C) Kaplan–Meier cumulative no recurrence according to family history.


The recurrence rate in patients with a gallbladder wall thickness of ≥4 and <4 mm was 20% (4/20) and 5.02% (21/418), respectively. Patients with a gallbladder wall thickness of ≥4 mm had a significantly earlier recurrence time (21.60 ± 1.11 months) than those with a gallbladder wall thickness of <4 mm (23.43 ± 0.135 months) (χ2 = 5.877, P = 0.015) (Figure 2B).

The recurrence rate in patients with and without a family history of gallbladder stones was 45.45% (5/11) and 4.68% (20/427), respectively. The recurrence time in patients with a family history of gallbladder stones (18.273 ± 2.021 months) was significantly earlier than that in patients without a family history (23.457 ± 0.132 months) (χ2 = 41.013, P = 0.000) (Figure 2C).




DISCUSSION

The rationale of laparoscopy combined with choledochoscopic lithotomy is to preserve the physiological function of the gallbladder. Clinicians' major concern is the postoperative recurrence of gallbladder stones. Thus, it is of great importance to clarify the risk factors associated with gallstone recurrence. In this prospective study of 438 patients, we found that the overall recurrence rate of gallstones within 2 years postoperatively was 5.71% (25/438). Furthermore, we, for the first time, identified three independent risk factors for early recurrence (within 2 years postoperatively) of gallstones: multiple gallbladder stones, a gallbladder wall thickness of ≥4 mm, and a family history of gallbladder stones.

With respect to the number of gallstones, the recurrence rate was obviously higher in patients with multiple gallstones (8.8%) than in those with a single gallstone (2.0%). Such a high recurrence rate is mainly due to the persistence of pathogenetic factors responsible for gallstone formation or the presence of predisposing conditions (21). The reason for this difference may be that patients with multiple gallstones reportedly have a faster nucleation time than patients with a single gallstone (22). Another possibility is that the wall of a gallbladder with multiple stones is more likely to be subjected to injuries from the stimulus of the gallstones, facilitating cholestasis and the recurrence of gallbladder stones (23). Furthermore, in patients with multiple gallstones, the possibility of residual minute stones within the gallbladder cannot be completely excluded. This reminds surgeons to clear the gallbladder as much as possible during choledochoscopy.

The normal gallbladder is usually flat with a single layer of columnar epithelial cells. Thickening of the gallbladder wall may be due to the proliferation of the epithelium and submucosal inflammation during the process of gallstone formation. Thickening of the gallbladder wall may also affect the smooth muscle contractile function of the gallbladder, leading to a vicious circle that promotes gallstone formation (24, 25).

The histopathologic alterations in the gallbladder wall that indicate inflammation include edema, increased gallbladder wall thickness, and the presence of inflammatory cells. These changes can promote the production and secretion of mucin glycoproteins (26). Cholesterol monohydrate crystals nucleate in the gelled mucin glycoprotein scaffolding on the gallbladder wall (27–30). Mucin genes that are expressed in human biliary epithelia include MUC1, MUC2, MUC3, MUC4, MUC5AC, MUC5B, and MUC6 (31). Mucin gel accumulation appears to be important for the formation of cholesterol gallstones in humans and animal models (32–36).

Lim et al. (37) found a significant association between the muscle-to-fibrosis thickness ratio of the gallbladder wall and a low ejection fraction. The thickness of the gallbladder wall is reportedly an indicator of increasing inflammation (38), and thickened gallbladder walls contribute to a reduced ejection fraction of the gallbladder (39). Furthermore, bile stasis and gallbladder obstruction lead to ischemic and inflammatory changes in the gallbladder wall, finally resulting in gallstone recurrence.

A family history of gallbladder stones is another important risk factor for recurrence as verified by both research and clinical practice (40). The phenomenon of family aggregation of gallstone disease is possible because of shared genetic susceptibility to gallstones, similar eating habits, and similar lifestyle and geographic factors. In the present study, the recurrence rate of gallstones was significantly higher in patients with a family history of gallstones (5/11, 45.45%) than in those without a family history of gallstones (20/427, 4.68%) (P < 0.05). The relevant genes for gallstone disease in humans reported to date include the apolipoprotein A (ApoA) genes (41), apolipoprotein B (ApoB) genes (42), ATP-binding cassette subfamily G (ABCG) transporter genes (43), and the cholecystokinin A receptor (CCK-AR) genes (44). The present study suggests that patients with certain genetic susceptibility might have an increased risk of gallstone recurrence; laparoscopy combined with choledochoscopic lithotomy should be performed with caution in these patients, or they should be intensively followed up after the operation.

The total gallstone recurrence rate was very low (5.71%) in the present study. This is partly because of the strict inclusion criteria and selection of appropriate candidates before the operation. A previous study (45) showed that throughout 25 years of follow-up, patients with gallbladder contractility function of >30% had a low postoperative recurrence rate; in our study, however, a >50% calculated ejection fraction of the gallbladder was a strict inclusion criterion. Laparoscopy combined with choledochoscopic lithotomy breaks the limitations of the operation itself by a careful and gentle operation, complete removal of the stones, comprehensive inspection, and a careful intraoperative evaluation of the patients' characteristics and gallbladder condition. Postoperative education for patients is important to ensure that they maintain a healthy diet, reasonable exercise and lifestyle, and regular medication such as TUDCA for an adequate amount of time.



CONCLUSION

In this prospective study, we showed that the total gallstone recurrence rate was 5.71% for patients with gallstones who underwent laparoscopy combined with choledochoscopic lithotomy. The predicted risk factors for early postoperative gallbladder stone recurrence within 2 years after laparoscopy combined with choledochoscopic lithotomy were multiple gallbladder stones, a gallbladder wall thickness of ≥4 mm, and a family history of gallbladder stones.
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