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Abstract 
BACKGROUND
Gamma-glutamyltransferase (GGT) is one of the most important laboratory tests for the evaluation of liver damage. Through a long-term clinical observation of patients with secondary asymptomatic choledocholithiasis, we found that most patients had abnormal GGT serum levels.

AIM
[bookmark: OLE_LINK43]To investigate the combination of serum GGT and alkaline phosphatase (ALP) in predicting the diagnosis of asymptomatic choledocholithiasis secondary to cholecystolithiasis.

METHODS
In this retrospective cohort study, the clinical data of 829 patients with cholecystolithiasis admitted to the Third Affiliated Hospital of Zunyi Medical College from August 2014 to August 2017 were collected. Among these patients, 151 patients had secondary asymptomatic choledocholithiasis and served as the observation group, and the remaining 678 cholecystolithiasis patients served as the control group. Serum liver function indexes were detected in both groups, and the receiver operating characteristic (commonly known as ROC) curves were constructed for markers showing statistical significances. The cutoff value, sensitivity, and specificity of each marker were calculated according to the ROC curves.

RESULTS
[bookmark: OLE_LINK37]The overall incidence of asymptomatic choledocholithiasis secondary to cholecystolithiasis was 18.2%. The results of liver function indexes including serum aspartate aminotransferase, alanine aminotransferase, direct bilirubin and total bilirubin levels showed no significant differences between the two groups (P > 0.05). However, the serum GGT and ALP levels were significantly higher in the observation group than in the control group (P < 0.05). The ROC curve analysis showed that the area under the curve was 0.881 (95% CI: 0.830-0.932), 0.647 (95% CI: 0.583-0.711) and 0.923 (0.892-0.953) for GGT, ALP, and GGT + ALP, respectively. The corresponding cut-off values of GGT and ALP were 95.5 U/L and 151.5 U/L, sensitivity were 90.8% and 65.1%, and specificity were 83.6% and 59.8%, respectively. The sensitivity and specificity of GGT + ALP were 93.5% and 85.1%, respectively.

CONCLUSION
[bookmark: OLE_LINK30]An abnormally elevated serum GGT level has an important value in the diagnosis of asymptomatic choledocholithiasis secondary to cholecystolithiasis. The combination of serum GGT and ALP has better diagnostic performance. As a convenient, rapid and inexpensive test, it should be applied in secondary asymptomatic choledocholithiasis routine screening.
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[bookmark: OLE_LINK44]Core tip: Secondary choledocholithiasis is a common disease in hepatobiliary surgery, and most cases do not have symptoms. Failure of timely diagnosis of choledocholithiasis leads to an increased incidence of postoperative residual stones and related complications. In this study, a total of 829 cholelithiasis patients were included, and the results suggest that an abnormally elevated serum gamma-glutamyltransferase level has an important value in the diagnosis of asymptomatic choledocholithiasis secondary to cholecystolithiasis. As a convenient, rapid and inexpensive test, serum gamma-glutamyltransferase levels should be tested in secondary asymptomatic choledocholithiasis routine screening.
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INTRODUCTION
[bookmark: OLE_LINK2][bookmark: OLE_LINK1][bookmark: OLE_LINK36]Cholelithiasis is a commonly seen disease in hepatobiliary surgery departments in China, especially cholecystolithiasis. With improvements in laparoscopic instruments and techniques over the past 30 years, laparoscopy has become the optimal choice of treatment for extrahepatic cholecystolithiasis[1,2]. Laparoscopic cholecystectomy (LC) has almost completely replaced traditional open cholecystectomy as the best surgical treatment for gallstones. In cholecystolithiasis patients treated with surgery, the incidence of secondary choledocholithiasis is up to 10%–15%[3,4]. The surgical approaches used for cholecystolithiasis with secondary choledocholithiasis include laparotomy, laparoscopic common bile duct exploration and endoscopic retrograde cholangiopancreatography (ERCP). With the advent of minimally invasive surgery and accelerated rehabilitation surgery, minimally invasive surgery procedures such as endoscopic procedures have become the main methods for treating extrahepatic biliary calculi[5,6]. However, these two minimally invasive procedures have advantages and disadvantages, and neither are currently the gold standard.
[bookmark: OLE_LINK17][bookmark: OLE_LINK39][bookmark: OLE_LINK24]Stones can cause obstruction in the common bile duct. The patient can have abdominal pain, fever, jaundice and other manifestations, and choledochal dilatation can be seen by abdominal B-ultrasound in symptomatic choledocholithiasis, which is easily diagnosed. In contrast, most cases of secondary choledocholithiasis do not have symptoms[7] and are often missed in diagnosis. On one hand, this may lead to the persistent presence of common bile duct stones and related complications. On the other hand, it may lead to an increased incidence of postoperative residual stones and related life-threatening complications, exacerbating the pain and economic burden for patients after LC. Therefore, an important issue has become how to easily and efficiently identify secondary asymptomatic choledocholithiasis in patients with common cholecystolithiasis. Gamma-glutamyltransferase (GGT) is one of the most commonly requested laboratory tests and is a key test used for the laboratory evaluation of liver damage. Serum GGT is mainly derived from the liver and is produced by hepatocyte mitochondria, excreted by the biliary tract, and primarily distributed in the liver cytoplasm and intrahepatic bile duct epithelium[8]. Through a long-term clinical observation of patients with secondary asymptomatic choledocholithiasis, we found that most patients had abnormal serum GGT levels. This study retrospectively analyzed the clinical data of patients with gallstone surgery in our hospital over the past three years and explored the diagnostic value of abnormal serum GGT levels for secondary asymptomatic choledocholithiasis.

MATERIAL AND METHODS
General data
[bookmark: OLE_LINK11][bookmark: OLE_LINK38][bookmark: OLE_LINK8][bookmark: OLE_LINK19][bookmark: OLE_LINK26]We collected the clinical data of 829 cases of surgically treated cholecystolithiasis in our hospital from August 2014 to August 2017. A retrospective cohort study was conducted in an observation group (patients with cholecystolithiasis complicated with secondary asymptomatic choledocholithiasis) and a control group (patients with cholecystolithiasis alone). There were 151 patients aged 50.29 ± 10.07 years in the observation group, and 678 patients aged 48.57 ± 10.02 years in the control group. Both patient group were diagnosed with cholecystolithiasis by B-mode ultrasonography before operation, which was subsequently confirmed by surgery. Some patients in the observation group underwent preoperative magnetic resonance cholangiopancreatography (MRCP) examination, which indicated choledocholithiasis, and all patients were diagnosed with choledocholithiasis during surgery. There were no significant differences in age, sex, comorbidity, choledochal diameter and number of stones between the two groups (P > 0.05), and the data were comparable (Table 1).

Criteria for case selection
Inclusion criteria: adult patients; clear diagnosis by surgery; no acute suppurative cholecystitis and cholangitis; and no manifestation of obstructive jaundice. Exclusion criteria: complicated with liver or biliary malignancies, acute or chronic hepatitis, primary choledocholithiasis or intrahepatic cholangiolithiasis; presence of Mirrizi syndrome; complicated with alcohol intoxication drug induced liver disease; and complicated with ischemic heart diseases.

Evaluation indexes
[bookmark: OLE_LINK27]The following serum liver function indexes were detected in the two groups: aspartate aminotransferase, alanine aminotransferase, GGT, alkaline phosphatase (ALP), total bilirubin and direct bilirubin. The indexes with significant differences were further analyzed by receiver operating characteristic (ROC) curves to evaluate the sensitivity and specificity of each abnormal index in the diagnosis of secondary asymptomatic choledocholithiasis.

Statistical analysis
[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK25]Data are described as the mean ± SD, and SPSS 22.0 was used for statistical analyses. To compare baseline data between the two groups, independent sample t-tests and χ2 tests were employed. Independent sample t-tests were used to compare serum liver function indicators between the two groups. The ROC curve was established to evaluate the diagnostic value of GGT and ALP; the cutoff value of the indicators was calculated using Youden index (specificity + sensitivity - 1). The comparison of the area under the ROC curve (AUC) was analyzed by Z-test. P values < 0.05 were considered statistically significant.

RESULTS
Incidence of secondary asymptomatic choledocholithiasis
A total of 829 patients with cholecystolithiasis were included, 151 of them were complicated with secondary asymptomatic choledocholithiasis, and the overall incidence was 18.2%.

[bookmark: OLE_LINK20]Liver function indexes
Serum GGT and ALP levels were significantly higher in the observation group than in the control group (P < 0.05). There were no significant differences in serum aspartate aminotransferase, alanine aminotransferase, direct bilirubin and total bilirubin levels between the two groups (P > 0.05) (Table 2).

ROC curves
[bookmark: OLE_LINK46][bookmark: OLE_LINK21][bookmark: OLE_LINK9][bookmark: OLE_LINK22]The AUCs were 0.881 (95% CI: 0.830-0.932), 0.647 (95% CI: 0.583-0.711) and 0.923 (95% CI: 0.892-0.953) for GGT, ALP, and GGT + ALP, respectively. The correspondent cut-off values of GGT and ALP were 95.5 U/L and 151.5 U/L, sensitivities were 90.8% and 65.1%, and specificities were 83.6% and 59.8%, respectively. The sensitivity and specificity of GGT + ALP were 93.5% and 85.1%, respectively (Table 3 and Figure 1).

DISCUSSION
[bookmark: OLE_LINK16]Cholelithiasis is a common and frequently occurring disease worldwide. In the United States, the incidence of cholelithiasis is as high as 15%–20%[9]. In China, the overall incidence of the disease is 10%, and the incidence is higher in the western region; however, recent studies have found that the incidence has been significantly increasing. According to the latest literature, cholelithiasis is occurring in younger patients year by year, with a significant increase in adolescents (< 20 years old), which may be related to obesity, lack of exercise, diabetes and early pregnancy[10]. Choledocholithiasis can be divided into primary and secondary disease. Most cases are secondary choledocholithiasis[11], in which small gallstones descend to the common bile duct through the cystic duct. If they cannot be extruded from the common bile duct into the duodenum, they form common bile duct stones, also known as choledocholithiasis. Since the stones are small and float in the common bile duct, most patients are asymptomatic for a period of time, which is called static or asymptomatic choledocholithiasis. Our results showed that the overall incidence of secondary asymptomatic choledocholithiasis was as high as 18.2%. Patients diagnosed and treated in our hospital mainly came from Southwest China, and the overall incidence of cholelithiasis in this area is high. In the process of autonomic stone drainage of choledocholithiasis, it is likely to cause serious complications such as stone incarceration, acute obstructive suppurative cholangitis and acute pancreatitis. On one hand, some cholecystolithiasis patients are unwilling to undergo early surgical treatment and opt for outpatient follow-up. If they are not screened for asymptomatic choledocholithiasis, stones may exist in the common bile duct for a long time without symptoms, which can lead to long-term chronic bile duct inflammation and even cholangiocarcinoma. On the other hand, if asymptomatic choledocholithiasis is not found before surgery in patients with gallstones, LC alone may result in complications such as jaundice, acute cholangitis and acute pancreatitis. Therefore, it is important to perform routine secondary asymptomatic choledocholithiasis screening on cholecystolithiasis patients to improve the vigilance of clinicians and to avoid these harmful complications.
[bookmark: OLE_LINK7][bookmark: OLE_LINK3]The examination methods of choledocholithiasis include abdominal B-ultrasound, computed tomography (commonly known as CT), MRCP, ERCP and endoscopic ultrasound (EUS)[12-14]. Abdominal B-ultrasound can accurately diagnose cholecystolithiasis and is the first choice for the examination of cholecystolithiasis. However, the location of the common bile duct is deep, and due to disturbance by abdominal wall fat and gastrointestinal gas, there is no expansion or no apparent expansion of the upper common bile duct, or there is stenosis and curvature of the common bile duct. Therefore, it is often difficult to detect common bile duct stones with external B-ultrasound, and its diagnostic accuracy for sediment-like stones is only 55%[15]. CT examination has a high diagnostic rate for high-density calculi with a large diameter, but the diagnostic accuracy for low-density or small stones is low[16]. MRCP is more sensitive for the diagnosis of common bile duct stones, but the feasibility in patients with pathological obesity or with foreign metal materials in the body (such as a cardiac pacemaker) is low. It is also expensive and increases the economic burden on patients and may lead to waste of medical resources, so it is not appropriate as a routine preoperative screening method. ERCP can identify the location and size of common bile duct stones, and thus is still the gold standard for the diagnosis of choledocholithiasis[15]. However, this method is invasive, difficult to operate and causes many complications, so it cannot be used as an optimal routine screening method. EUS can avoid the interference of abdominal wall fat and gastrointestinal gas and obtain clear bile duct ultrasound imaging, making it a useful tool for diagnosing common bile duct stones[17]. However, EUS is not yet performed in most primary hospitals. The procedure also has difficulties during operation. For example, due to stenosis of the stomach outlet and duodenum, the endoscope cannot successfully reach the duodenal bulb, and patients experience a lot of pain, so EUS is not yet considered to be a better routine screening method. Therefore, it is of great clinical significance to find a small-trauma, convenient, fast, reliable and inexpensive examination method for asymptomatic choledocholithiasis screening. According to the literature, factors such as serum bilirubin, ALP and GGT have some predictive effects on the diagnosis of choledocholithiasis[18-20]. However, these studies were limited to symptomatic choledocholithiasis, and there have been few studies on secondary asymptomatic choledocholithiasis.
[bookmark: OLE_LINK5][bookmark: OLE_LINK4][bookmark: OLE_LINK45][bookmark: OLE_LINK42]The results of the present study showed that serum GGT and ALP levels in patients in the observation group were significantly higher than in the control group. This indicates that changes in these two indicators are related to asymptomatic choledocholithiasis, and an abnormal increase of these indicators may be a risk factor for cholecystolithiasis with common bile duct stones. ROC curve analysis showed that the AUC, sensitivity and specificity of serum GGT were high. It also indicated that an abnormal increase in serum GGT plays an important role in predicting cholecystolithiasis combined with secondary asymptomatic choledocholithiasis, and it may be an effective serological index for routine screening. With the exception of obvious jaundice, a raised GGT level has been suggested to be the most sensitive and specific indicator of CBD stones[21]. There are two reasons for increased GGT. First, the presence of stones may cause local inflammatory damage to the bile duct epithelium, resulting in excessive GGT production. Therefore, even the latest literature suggests that serum GGT is also an inflammatory marker[21]. Second, the presence of stones has a mechanical stimulatory effect on the bile duct epithelium, inducing the epithelial layer to increase GGT synthesis, combined with poor bile excretion, eventually leading to an abnormal increase in serum GGT. Therefore, if the GGT exceeds the cut-off level in serum liver function in gallstone patients, we should be vigilant that the patient is most likely afflicted with secondary asymptomatic choledocholithiasis, and MRCP or ERCP examination should be performed to confirm the diagnosis. This can avoid biliary tract inflammatory disease or tissue malignant transformation caused by the long-term presence of asymptomatic choledocholithiasis. A suitable surgical plan can also be developed to prevent intraoperative accidents, serious postoperative complications and other risks due to missed diagnosis. The AUC of serum ALP was 0.647 (< 0.7), and the corresponding sensitivity and specificity were low, suggesting that serum ALP levels may be affected by acute cholangitis in obstructive jaundice, but it is of little practical clinical value. The combination of serum GGT and ALP (AUC 0.923; sensitivity 93.5%; specificity 85.1%) had better diagnostic performance for secondary asymptomatic choledocholithiasis. 
[bookmark: OLE_LINK31][bookmark: OLE_LINK40][bookmark: OLE_LINK32][bookmark: OLE_LINK15][bookmark: OLE_LINK34]In summary, abnormally elevated serum GGT level may be a potentially useful marker for the early prediction of asymptomatic choledocholithiasis secondary to cholecystolithiasis. Additionally, the combination of serum GGT and ALP had better diagnostic performance. When the serum GGT level reaches the cutoff value, physicians should be vigilant about the possibility of secondary asymptomatic choledocholithiasis, and timely and proper interventions should be performed to avoid aggravation of the disease. As a convenient, rapid and inexpensive test, it is worth applying this test in secondary asymptomatic choledocholithiasis routine screening.

ARTICLE HIGHLIGHTS
Research background
Cholelithiasis is a commonly seen disease in hepatobiliary surgery departments in China. In cholecystolithiasis patients treated by surgery, the incidence of secondary choledocholithiasis is up to 10%-15%. However, most cases of secondary choledocholithiasis often have no symptoms and are missed in diagnosis.

Research motivation
It is of great clinical significance to explore the methods for the early diagnosis of asymptomatic secondary choledocholithiasis to develop rational surgical protocols, avoid postoperative residual stones and reduce related complications.

Research objectives
To investigate the diagnostic value of abnormal serum gamma-glutamyltransferase (GGT) levels in asymptomatic choledocholithiasis secondary to cholecystolithiasis.

Research methods
In this retrospective cohort study, the clinical data of 829 cholelithiasis patients were collected. Serum liver function indexes were detected in both groups, and the ROC curves were constructed for markers showing statistical significances.

Research results
The overall incidence of asymptomatic choledocholithiasis secondary to cholecystolithiasis was 18.2%. The results of liver function indexes, including serum aspartate aminotransferase, alanine aminotransferase, direct bilirubin and total bilirubin levels showed no significant differences between the two groups. However, serum GGT and alkaline phosphatase levels were significantly higher in the observation group than in the control group.

Research conclusions
In the diagnosis of asymptomatic choledocholithiasis secondary to cholecystolithiasis, abnormally elevated serum GGT levels have important value; and the combination of serum GGT and alkaline phosphatase had better diagnostic performance.

Research perspectives
Physicians should be vigilant about the possibility of secondary asymptomatic choledocholithiasis when the serum GGT level reaches the cutoff value. Timely and proper interventions should be performed to avoid aggravation of the disease.
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Table 1 Baseline data of patients
	Characteristic
	Observation group, n = 151
	Control group, n = 678
	χ 2 / t 
value
	P
 value

	Age, yr
	50.29 ± 10.07
	[bookmark: OLE_LINK18]48.57 ± 10.02
	0.516
	0.609

	Gender
	
	
	
	

	Male
	72
	310
	0.191
	0.662

	Female
	79
	368
	
	

	BMI
	20.76 ± 4.51
	20.03 ± 4.27
	1.701
	0.248

	Complications
	
	
	
	

	Hypertensive disease
	20
	68
	1.346
	0.246

	Diabetes mellitus
	31
	119
	0.739
	0.390

	Hyperlipidemia
	16
	60
	0.452
	0.501


BMI: Body mass index.

Table 2 Comparison of serum liver function indexes
	Variable
	Observation group, n = 151
	Control group, n = 678
	t
value
	P
 value

	ALT, U/L
	35.04 ± 9.18
	33.22 ± 9.71
	0.354
	0.803

	AST, U/L
	38.96 ± 10.65
	36.52 ± 10.33
	0.289
	0.834

	[bookmark: OLE_LINK10]TBIL, μmol/L
	11.58 ± 2.87
	9.99 ± 1.93
	0.417
	0.682

	DBIL, μmol/L
	5.56 ± 0.77
	4.95 ± 0.64
	0.392
	0.786

	GGT, U/L
	154.56 ± 39.53
	35.98 ± 8.19
	35.721
	0.000

	ALP, U/L
	171.51 ± 41.74
	139.49 ± 36.64
	7.317
	0.000


ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; TBIL: Total bilirubin; DBIL: Direct bilirubin; GGT: Gamma-glutamyltransferase; ALP: Alkaline phosphatase.


Table 3 Analysis of receiver operating characteristic curve
	Variable
	Area
	Std. Error
	Asymptotic Sig
	Asymptotic 95% Confidence Interval
	Cutoff value, U/L
	Sensitivity
	Specificity

	GGT
	0.881
	0.026
	0.000
	0.830-0.932
	95.5 
	0.908
	0.836

	ALP
	0.647
	0.033
	0.000
	0.583-0.711
	151.5 
	0.651
	0.598

	GGT + ALP
	0.923
	0.016
	0.000
	0.892-0.953
	-
	0.935
	0.851


GGT: Gamma-glutamyltransferase; ALP: Alkaline phosphatase.



[image: ROC曲线图]
[bookmark: OLE_LINK12]Figure 1 ROC curve of GGT and ALP. ROC: Receiver operating characteristic GGT: Gamma-glutamyltransferase; ALP: Alkaline phosphatase.
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