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Abstract
BACKGROUND
Mirizzi syndrome (MS) is defined as an extrinsic compression of the extrahepatic biliary system by an impacted stone in the gallbladder or the cystic duct leading to obstructive jaundice. Endoscopic retrograde cholangiopancreatography (ERCP) could serve diagnostic and therapeutic purposes in patients with MS in addition to revealing the relationships between the cystic duct, the gallbladder, and the common bile duct (CBD). Cholecystectomy is a challenging procedure for a laparoscopic surgeon in patients with MS, and the presence of a cholecystocholedochal fistula renders preoperative diagnosis important during ERCP.

AIM
To evaluate cholecystocholedochal fistulas in patients with MS during ERCP before cholecystectomy.

METHODS
From 2004 to 2018, all patients diagnosed with MS during ERCP were enrolled in this study. Patients with associated malignancy or those who had already undergone cholecystectomy before ERCP were excluded. In total, 117 patients with MS diagnosed by ERCP were enrolled in this study. Among them, 21 patients with MS had cholecystocholedochal fistulas. MS was further confirmed during cholecystectomy to check if cholecystocholedochal fistulas were present. The clinical data, cholangiography, and endoscopic findings during ERCP were recorded and analyzed. 

RESULTS
Gallbladder opacification on cholangiography is more frequent in patients with MS complicated by cholecystocholedochal fistulas (P < 0.001). Pus in the CBD and stricture length of the CBD longer than 2 cm were two additional independent factors associated with MS, as demonstrated by multivariate analysis (odds ratio 5.82, P = 0.002; 0.12, P = 0.008, respectively).

CONCLUSION
Gall bladder opacification is commonly seen in patients with MS with cholecystocholedochal fistulas during pre-operative ERCP. Additional findings such as pus in the CBD and stricture length of the CBD longer than 2 cm may aid the diagnosis of MS with cholecystocholedochal fistulas.
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Core Tip: The diagnosis of Mirizzi syndrome (MS) and the presence or absence of a cholecystocholedochal fistula is important for surgical planning before cholecystectomy. Endoscopic retrograde cholangiopancreatography could serve diagnostic and therapeutic purposes in patients with MS and also help detect cholecystocholedochal fistulas before operation. Our study revealed that gall bladder opacification is more frequent in patients with cholecystocholedochal fistula. Pus in the common bile duct is predictive factor for the diagnosis of MS with cholecystocholedochal fistulas, and stricture length of the common bile duct longer than 2 cm is the protective factor for cholecystocholedochal fistulas in patients with MS.


INTRODUCTION
Mirizzi syndrome (MS) is defined as an extrinsic compression of the extrahepatic biliary system by an impacted stone in the gallbladder or the cystic duct, leading to obstructive jaundice. Cholecystectomy in a patient with MS and the presence of a cholecystocholedochal fistula is a complex and challenging procedure for a laparoscopic surgeon, making preoperative diagnosis important during endoscopic retrograde cholangiopancreatography (ERCP) examination.
Pablo Mirizzi first described MS in 1948[1]. McSherry et al[2] classified this syndrome into two distinct types: Extrinsic compression of the common hepatic duct by the gallbladder and erosion of the gallstone from the gallbladder or the cystic duct into the common hepatic duct resulting in a cholecystocholedochal fistula. In 1989, Csendes et al[3] further proposed a new classification of patients with MS that also divided patients into two categories: External compression (Type 1) and fistulas from the gallbladder to the common bile or hepatic duct (Types 2-4). Laparoscopic surgery can be used to treat MS of the extrinsic compression type[4]. However, operating on patients with MS with cholecystocholedochal fistulas is still a challenge[5-8]. In such situations, the preoperative diagnosis of the cholecystocholedochal fistula is crucial. In previous studies, cholecystocholedochal fistulas were detected by intraoperative cholangiography during cholecystectomy. Recently, ERCP has not only played a therapeutic-operative role but has also provided diagnostic perspectives before operation. The incidence of MS is estimated to be 1.07% in patients who underwent ERCP[9]. A typical cholangiography of MS consists of dilated intrahepatic ducts and pronounced narrowing of the common hepatic duct due to compression near the cystic duct or the gallbladder. ERCP may be useful in patients with MS in the retrieval of the common bile duct (CBD) stones after a sphincterotomy and placement of stents in the bile duct for drainage. This study is a retrospective analysis that aimed to investigate predictive factors for patients with MS with cholecystocholedochal fistulas during ERCP before laparoscopic surgery.

MATERIALS AND METHODS
Study design and setting
We conducted a retrospective study involving patients diagnosed with MS during preoperative ERCP examination. All patients underwent cholecystectomy at the Chang Gung Memorial Hospital, Linkou Branch, which is a tertiary care academic hospital. Data were collected from an extensive retrospective chart review. 

Patients and data collection
From 2004 to 2018, all patients diagnosed with MS during ERCP were enrolled in this study. The diagnosis of MS with or without a cholecystocholedochal fistula was confirmed by intraoperative findings. Patients with associated malignancy or those who had already undergone cholecystectomy before ERCP were excluded from this study. Demographic data, clinical presentation information, and blood test results were recorded. The diagnosis of cholangitis was based on Tokyo Guidelines 2018 for cholangitis, which included acute inflammation, cholestasis, and imaging depicting bile duct dilation[10]. Endoscopic and cholangiographic findings during ERCP were also recorded and analyzed. Pus detected from the bile duct orifice at the papilla of Vater were defined as pus in the CBD. Contrast medium that filled the cystic duct or the gall bladder was defined as cystic duct or gall bladder opacification 

Ethical concerns
The study was approved by the Chang Gung Medical Foundation Institutional Review Board (IRB number: 201801210B0). Data acquisition and analysis were carried out in accordance with guidelines and regulations. Due to the retrospective design of the study, consent was waived by the ethics committee for the entire study. 

Statistical analysis
Continuous variables are presented as means ± SD, and categorical variables are presented as frequencies and percentages. The differences between patients with MS with or without cholecystocholedochal fistulas were compared using Fisher's exact test for categorical variables and Mann–Whitney U test for continuous variables. Multivariate logistic regression analysis was employed to determine independent significant factors. Statistical analyses were performed using IBM SPSS Statistics, version 25 (IBM Corp., Armonk, NY, United States). A two-sided P value < 0.05 was considered statistically significant.

RESULTS
A total of 117 patients were suspected of having MS during ERCP; this was confirmed during operation between 2004 and 2018. The incidence of MS was 0.9% of all ERCP procedures (n approximately 13000) performed during the same period. Twenty-one patients with MS had a cholecystocholedochal fistula, and 96 patients with MS suffered only from external compression. The two groups of patients did not differ in age, sex, clinical findings, or laboratory data. The laboratory data included total bilirubin, serum glutamic-oxaloacetic transaminase, glutamic-pyruvic transaminase, alkaline phosphatase, and leukocyte counts (Table 1). 
For pre-operative diagnosis, all patients who underwent ultrasonography initially revealed stones in the gall bladder. Ninety patients further underwent computed tomography, and 85 patients revealed a dilated intrahepatic or extrahepatic bile duct before ERCP. Moreover, 24 patients underwent magnetic resonance cholangiopancreatography (MRCP), 20 patients showed external compression of the hepatic ducts and were suspected to have MS. Among the 21 patients with MS with cholecystocholedochal fistula, MRCP was performed in four patients, but none of the patients could be diagnosed with cholecystocholedochal fistula on MRCP.
Figure 1 shows the cholangiography during ERCP for patients with MS with and without a cholecystocholedochal fistula (Figure 1). The percentage of cystic duct opacification was similar between the two groups (10/21 patients (47.61%) with a fistula vs 46/96 patients (47.92%) without a fistula; P = 0.81). However, patients with MS and cholecystocholedochal fistula had a significantly higher percentage of gallbladder opacification than those without (76.19% vs 23.96%; P < 0.001). 
Other than the original purpose of ERCP, which was to reveal the relationship of the cystic duct, the gall bladder, and the CBD, some additional factors were obtained during the procedure. Stricture length at the CBD longer than 2 cm was more frequent in patients with MS without a cholecystocholedochal fistula than in those with a fistula (42.71% vs 9.52%; P = 0.005). CBD stones are often found during ERCP and are important indications for ERCP. We retrieved as many CBD stones as possible during our routine practice. The incidence of CBD stone retrieval was similar in both groups (2/21 (9.52%) in patients with MS with a cholecystocholedochal fistula, and 28/96 (29.17%) in patients without; P = 0.09). However, both groups of patients had a much lower incidence of CBD stone retrieval compared with the patients in the routine ERCP examination group. 
Stress-related peptic ulcers were a common finding with bile duct obstruction, which was previously described in many studies, especially in animal models[11-14]. Six (28.57%) patients had duodenal ulcers found during ERCP in the group affected by MS with a cholecystocholedochal fistula, and 19 (19.79%) patients had duodenal ulcers in the group affected by MS without a cholecystocholedochal fistula. However, the difference between the two groups was not significant (P = 0.39). In contrast, pus formation in the CBD was seen frequently in patients with MS during ERCP (Figure 2). Further, patients with a cholecystocholedochal fistula had a higher percentage of pus in the CBD compared to patients without a cholecystocholedochal fistula (47.62% vs 15.63%; P = 0.003) (Table 2). 
Logistic regression analysis was used to determine additional factors that could be predictive factors for the presence of a cholecystocholedochal fistula through endoscopic or cholangiography findings during ERCP (Table 3). Signiﬁcant predictors of a cholecystocholedochal fistula based on univariate analysis were pus in the CBD and stricture length > 2 cm at the CBD. Multivariate analysis with a multiple logistic regression model showed pus in the CBD had greater odds of predicting a cholecystocholedochal fistula in patients with MS (odds ratio (OR) 5.82, 95% confidence interval (CI): 1.93-17.58, P = 0.002). Patients with MS with a stricture length longer than 2 cm at the CBD were less likely to have a cholecystocholedochal fistula (OR 0.12, 95%CI: 0.03-0.58, P = 0.008).
All patients received bile duct drainage since they were referred for ERCP due to a clinically suspected bile duct obstruction (18 patients received endoscopic nasobiliary drainage, and 99 patients received endoscopic retrograde biliary drainage with 10 French or 8.5 French plastic stents). Three patients suffered from mild pancreatitis post ERCP and recovered in 1 wk.

DISCUSSION
In this study, several novel endoscopic findings were identified to predict cases of MS complicated with cholecystocholedochal fistulas. MS is a rare complication of gallstone disease, with a reported incidence ranging from 0.06% to 5.7% in patients undergoing cholecystectomy[15,16]. In 1942, Puestow reported a series of 16 patients who had a spontaneous internal biliary fistula between the gallbladder and CBD[17]. McSherry et al[2] and Csendes et al[3] further described patients with MS and a cholecystocholedochal fistula. MS without a cholecystocholedochal fistula can initially be treated laparoscopically[18-21]. However, the surgical treatment of MS with a cholecystocholedochal fistula is more difficult, and laparotomy cholecystectomy was often used. Sometimes a T-tube may be placed in the CBD, away from the fistulous site, to prevent future stricture or worsening of the fistula, or a Roux-en-Y hepaticojejunostomy should be performed[3,5-8,22,23]. Hence, predicting a cholecystocholedochal fistula before cholecystectomy could help the surgeon make more precise surgical plans.
Based on the above findings, the preoperative diagnosis of a biliary fistula is crucial. Abdominal ultrasound has a 96% sensitivity for gallstone detection[24]. Computed tomography can demonstrate the level of obstruction and is also able to exclude neoplastic lesions located at the hepatic hilum or the liver in patients with MS[25,26]. However, neither tool is ideal for diagnosing cholecystocholedochal fistulas. MRCP is as good as ERCP in diagnosing and delineating the details of biliary strictures. However, compared with ERCP, MRCP does not offer simultaneous therapeutic stenting[27]. Although intraoperative cholangiography can be performed on patients with MS during cholecystectomy, ERCP provides a cholangiogram and illustrates the relationship between the CBD, the cystic duct, and the gallbladder preoperatively. 
First, a higher percentage of opacification of the gallbladder is seen during ERCP examination in patients with MS with a cholecystocholedochal fistula. In most patients with MS, the stones wreck the walls of the bile duct. As time passes, the stone can gradually migrate into the bile duct, causing necrosis of the duct, leading to a cholecystocholedochal fistula[25,28]. The elevated gallbladder pressure due to the cystic duct or the gallbladder neck obstruction in patients without a cholecystocholedochal fistula makes contrast difficult to enhance the gallbladder. The gallbladder pressure is then released after formation of the cholecystocholedochal fistula. Taken together, this could explain the higher percentage of opacification of the gallbladder during ERCP in this study. 
Second, a stricture length longer than 2 cm at the CBD is another important endoscopic finding in patients with MS without a fistula. Interestingly, the stone size in patients with MS with a cholecystocholedochal fistula was larger (median 2.25 cm) than in those without a cholecystocholedochal fistula (median 1.5 cm)[29]. Theoretically, the stricture length of the CBD is longer in patients with MS with a cholecystocholedochal fistula. Contrary to our analysis, we hypothesized that the longer stricture of the CBD might be related to the compression of the distended gallbladder or the cystic duct rather than the direct compression by the stone itself. After cholecystocholedochal fistula formation, the gallbladder and cystic duct decompress, and the stricture of the CBD may result from the direct compression by the stone, shortening the stricture length (Figure 3). 
ERCP also provides extra information in endoscopic findings not typically seen using intraoperative cholangiography. CBD stone is the most frequent finding during ERCP in patients with gallstones. In our series, we retrieved as many CBD stones as possible but only 10%-30% of patients had CBD stones in each of our groups, which is a much lower rate than in the regular patient population undergoing ERCP[30,31]. In MS, most of the bile duct obstruction is caused by external compression. Even in patients with a cholecystocholedochal fistula, only a small part of the stone eroded into the CBD, making it difficult to retrieve the stone. Previous studies have reported that stones causing MS are not always amenable to removal by ERCP methods[32]. This could explain the low retrieval rate of CBD stones in patients with MS.
The last novel endoscopic finding was that pus in the CBD was more frequently found in patients with MS with cholecystocholedochal fistulas, presenting as an independent predictive factor, as demonstrated by multivariate logistic regression analysis. The incidence of pus in the CBD was up to 50% in patients with MS with a cholecystocholedochal fistula and only 15% in patients with MS without a fistula. Pus in the bile duct, or suppurative cholangitis, caused by calculus obstruction of the CBD and superimposed infection involving the entire biliary tract is associated with increased intraluminal pressure of the CBD[33]. As mentioned before, we consider MS with a cholecystocholedochal fistula as a progressive disease. Patients with impacted stones at the neck of the gallbladder or the cystic duct have elevated gallbladder pressure. The stones lead to repeated inflammation and necrosis of the gallbladder wall, resulting in a cholecystocholedochal fistula. The pressure in the gallbladder is released, but intraductal pressure of the CBD increases due to stone migration, causing serious bile duct obstruction and suppurative cholangitis. This endoscopic finding has been previously confirmed by intraoperative findings[3]. 
A major limitation of our study is its retrospective nature. In addition, the number of patients with MS with cholecystocholedochal fistulas were relatively small. The factors that were found in our study should also be verified in future clinical studies.

CONCLUSION
In conclusion, it is important to establish the preoperative diagnosis of a cholecystocholedochal fistula by ERCP to optimize planning for the surgical procedure in patients with MS. In our series, ERCP provided a predictive factor for cholecystocholedochal fistulas, both endoscopically and by cholangiography. Gall bladder opacification is more frequent is patients with cholecystocholedochal fistula. Pus in the CBD during ERCP is more likely to predict an adverse event with a cholecystocholedochal fistula in patients with MS. However, a stricture longer than 2 cm at the CBD is less likely to predict a cholecystocholedochal fistula in these patients.

ARTICLE HIGHLIGHTS
Research background
Mirizzi syndrome (MS) is defined as an extrinsic compression of the extrahepatic biliary system by an impacted stone in the gallbladder or the cystic duct leading to obstructive jaundice. Cholecystectomy is a challenging procedure for a laparoscopic surgeon in patients with MS, and the presence of a cholecystocholedochal fistula renders preoperative diagnosis important during endoscopic retrograde cholangiopancreatography (ERCP).

Research motivation
Our study revealed that gall bladder opacification is more frequent in patients with cholecystocholedochal fistula. Pus in the common bile duct is a predictive factor for the diagnosis of MS with cholecystocholedochal fistulas, and stricture length of the common bile duct longer than 2 cm is a protective factor for cholecystocholedochal fistulas in patients with MS.

Research objectives
This study is a retrospective analysis that aimed to investigate predictive factors for patients with MS with cholecystocholedochal fistulas during ERCP before laparoscopic surgery.

Research methods
Patients with associated malignancy or those who had already undergone cholecystectomy before ERCP were excluded. In total, 117 patients with MS diagnosed by ERCP were enrolled in this study. The clinical data, cholangiography, and endoscopic findings during ERCP were recorded and analyzed. 

Research results
Gallbladder opacification on cholangiography is more frequent in patients with MS complicated by cholecystocholedochal fistulas. Pus in the common bile duct and stricture length of the common bile duct longer than 2 cm were two additional independent factors associated with MS, as demonstrated by multivariate analysis

Research conclusions
It is important to establish the preoperative diagnosis of a cholecystocholedochal fistula by ERCP to optimize planning for the surgical procedure in patients with MS. Gall bladder opacification is more frequent is patients with cholecystocholedochal fistula. 

Research perspectives
The number of patients with MS with cholecystocholedochal fistulas were relatively small. The factors that were found in our study should also be verified in future clinical studies.
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Figure Legends
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自動產生的描述]
Figure 1 Cholangiography of patients with Mirizzi syndrome. A: Patient without a cholecystocholedochal fistula. Eccentric compression (orange arrow) of the common bile duct is observed and a short part of the cystic duct is opacified; B: Patient with a cholecystocholedochal fistula (orange arrowhead). A contrast opacified gallbladder without the typical spiral and corkscrew-like cystic duct opacification is shown. 
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Figure 2 Endoscopic finding of pus in the common bile duct in patients with Mirizzi syndrome. A: The pus is extruding from the ampulla of Vater during endoscopic retrograde cholangiopancreatography; B: The pus is observed from the ampulla of Vater after an endoscopic sphincterotomy. 

[image: 一張含有 相片, 發現, 差異, 男人 的圖片

自動產生的描述]
Figure 3 Stricture length in common bile duct in patients with Mirizzi syndrome. A: One 2.7-cm gall bladder stone caused a cholecystocholedochal fistula. The stricture length is only 1.7 cm, which is less than the actual size of the stone; B and C: One 1.4-cm gall bladder stone compressed the common bile duct. However, the stricture of common bile duct is 3.3 cm in length. Computerized tomography after endoscopic retrograde cholangiopancreatography revealed that the plastic biliary stent was close to the stone (orange arrow).

Table 1 Clinical presentation data
	
	[bookmark: OLE_LINK2192][bookmark: OLE_LINK2193]MS with fistula formation, n = 21
	MS without fistula formation, n = 96
	P value

	Age in yr
	56 ± 15
	57 ± 15
	0.72

	Sex, male/female
	16/5
	63/33
	0.45

	Clinical symptom, n (%)
	
	
	

	 Abdominal pain
	14 (66.67)
	86 (77.08)
	0.40

	 Jaundice
	15 (71.42)
	81 (79.17)
	0.56

	Cholangitis
	10 (47.62)
	54 (56.25)
	0.48

	Laboratory findings
	
	
	

	Bilirubin in mg/dL
	7.60 ± 7.81 
	5.87 ± 5.25 
	0.45

	ALK-P in U/L
	243.61 ± 162.74 
	205.20 ± 130.85
	0.46

	SGOT in U/L
	136.53 ± 116.85
	197.09 ± 202.04
	0.27

	SGPT in U/L
	226.69 ± 177.39
	304.10 ± 290.84
	0.47

	Leukocytes as × 103/L
	11.56 ± 14.02 
	9.56 ± 3.51
	0.55


ALK-P: Alkaline phosphatase; MS: Mirizzi syndrome; SGOT: Serum glutamic-oxaloacetic transaminase; SGPT: Serum glutamic-pyruvic transaminase. Values are means ± SD or number (percentage).


Table 2 Comparison of endoscopic retrograde cholangiopancreatography findings in patients with Mirizzi syndrome with or without cholecystocholedochal fistula formation, n (%)
	
	MS with fistula formation, n = 21
	MS without fistula formation, n = 96
	P value

	Original findings 
	
	
	

	Cystic duct opacification
	10 (47.61)
	46 (47.92)
	0.81

	GB opacification
	16 (76.19)
	26 (23.96)
	< 0.001

	Additional findings
	
	
	

	Stricture length > 2 cm
	2 (9.52)
	41 (42.71)
	0.005

	CBD stones retrieved
	2 (9.52)
	28 (29.17)
	0.09

	Pus in the CBD
	10 (47.62)
	15 (15.63)
	0.003

	Duodenal ulcer
	6 (28.57)
	19 (19.79)
	0.39


CBD: Common bile duct; ERCP: Endoscopic retrograde cholangiopancreatography; GB: Gall bladder; MS: Mirizzi syndrome.

Table 3 Predictors of cholecystocholedochal fistulas in patients with Mirizzi syndrome
	
	Univariate OR
	P value
	95%CI for OR
	Multivariate OR
	P value
	95%CI for OR

	Variate
	
	
	
	
	
	

	Stricture length > 2 cm
	0.14
	0.01
	0.03-0.64
	0.12
	0.008
	0.03-0.58

	CBD stones retrieved
	0.26
	0.08
	0.06-1.17
	
	
	

	Pus in the CBD
	4.91
	0.002
	1.77-13.59
	5.82
	0.002
	1.93-17.58

	Duodenal ulcer
	1.62
	0.38
	0.56-4.73
	
	
	


CBD: Common bile duct; CI: Confidence interval; OR: Odds ratio.
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