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Abstract
AIM: To find a non-invasive strategy for detecting choledocholithiasis before cholecystectomy, with an acceptable negative rate of endoscopic retrograde cholangiopancreatography. 
METHODS: All patients with symptomatic gallstones were included in the study. Patients with abnormal liver functions and common bile duct abnormalities on ultrasound were referred for endoscopic retrograde cholangiopancreatography. Patients with normal ultrasound were referred to magnetic resonance cholangiopancreatography. All those who had a negative magnetic resonance or endoscopic retrograde cholangiopancreatography underwent laparoscopic cholecystectomy with intraoperative cholangiography.
RESULTS: Seventy-eight point five percent of patients had laparoscopic cholecystectomy directly with no further investigations. 21.5% had abnormal liver function tests, of which 52.8% had normal ultrasound results. This strategy avoided unnecessary magnetic resonance cholangiopancreatography in 47.2% of patients with abnormal liver function tests with a negative endoscopic retrograde cholangiopancreatography rate of 10%. It also avoided un-necessary endoscopic retrograde cholangiopancreatography in 35.2% of patients with abnormal liver function.
CONCLUSION: This strategy reduces the cost of the routine use of magnetic resonance cholangiopancreatography, in the diagnosis and treatment of common bile duct stones before laparoscopic cholecystectomy. 
© 2013 Baishideng. All rights reserved.
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INTRODUCTION
Gallstone disease is one of the most common surgical problems worldwide. Both environmental and genetic factors are known to contribute to susceptibility to the disease[1]. It has been reported that in Saudi Arabia there is an increasing incidence of gallstone disease[2], especially in the high altitude provinces in the Asir[3] and Taif regions[4], and similar findings have been reported for other countries that have similar environmental and nutritional factors[5, 6]. Complications of gallstone disease vary from simple recurrent biliary colic to life-threatening conditions such as ascending cholangitis and pancreatitis. In addition, the disease is thought to be a risk factor for developing pancreaticobiliary cancer, particularly in patients with choledocholithiasis [common bile duct stones (CBDS)], approximately 10% of patients with symptomatic gallstones[7].
Since symptomatic gallstone is a common indication for surgery, an accurate preoperative detection of CBDS is imperative in order to decrease operative risks and health care costs[7-9]. Better detection and treatment of CBDS before laparoscopic cholecystectomy (LC) would help deliver an appropriate, fast, and cost effective treatment[10]. Liver function tests (LFTs) and abdominal ultrasonography (USG), combined with medical history and clinical examinations are currently the standard preoperative methods used to diagnose patients with gallstones[9-14]. However, this approach is often not accurate enough to establish a firm diagnosis of CBDS[4,8,9].
Imaging tests are routinely used to confirm a choledocholithiasis diagnosis. While abdominal USG is the most commonly used screening modality, other imaging tests used for this purpose include endoscopic and laparoscopic USG, magnetic resonance cholangiopancreatography (MRCP), intraoperative cholangiography (IOC) and endoscopic retrograde cholangiopancreatography (ERCP). 
ERCP was the gold standard for diagnosing and treating CBDS; however, it is invasive, has associated morbidity and mortality, and has been shown to have a negative rate up to 75% in some studies[5]. Therefore, it was abandoned as a diagnosing method and used only for stone extraction.
MRCP is a noninvasive procedure with no associated morbidity that has become the gold standard in diagnosing CBDS; however, it should only be used when proper indications are observed[9-14] due to its high cost and limited availability[11,15,16]. Many authors have proposed its routine use[17-19] in all patients with suspected CBDS, however, in high probability patients, its cost and the need for ERCP to remove the stones makes it questionable. 
IOC is particularly valuable in patients with unclear anatomy and those with preoperative predictors of choledocholithiasis but negative findings on MRCP[20,21]. Many scoring indices and guidelines have been developed to determine acceptable preoperative indications for IOC, but none so far have proved satisfactory[9,22-24]. Therefore, the aim of the current study was to find a non-invasive preoperative approach, using MRCP, ERCP, and IOC, to diagnose and treat CBDS prior to performing LC.
MATERIALS AND METHODS

We conducted a prospective study on all patients with symptomatic gallstones who presented at Al Hada Armed Forces Hospital in Taif, Saudi Arabia from April 2006 to April 2010. Patients not fit for surgery were excluded from the study. In addition, patients who presented with acute pancreatitis were excluded since we have a different protocol for them in our center. The study was approved by the local committee on human research, and all patients gave written informed consent. All patients underwent detailed preoperative evaluations consisting of clinical history, laboratory testing including LFT, (serum bilirubin, alkaline phosphatase, serum glutamic-oxaloacetic transaminase, and serum glutamic pyruvic transaminase), and USG examination. 
An algorithm was designed (Figure 1). Patients with normal LFT and no bile duct abnormalities were referred for LC without further work-up. Patients with abnormal LFT and USG proven CBDS and/or bile duct dilatation > 7 mm were referred for ERCP for stone removal, followed by LC. Patients with abnormal LFT and normal bile ducts (determined by USG) were referred for MRCP, and if CBDS were detected, they were referred for ERCP for stone removal, followed by LC. MRCP and ERCP negative cases underwent LC with IOC to detect false negative cases and avoid retained stones. For these patients, intraoperative discovery of CBDS would indicate stone removal by ERCP in the same sitting with the LC.
Statistical analysis
SPSS 18.0 (SPSS, Chicago Illinois) was used for carrying out statistical analysis. Group differences were further analyzed by chi-square test and difference between means of continuous variables was tested by Student’s t test. Multivariate logistic regression analysis was adopted to control for confounders and level of significance was determined at P < 0.05.

RESULTS

A total of 896 patients were included in the study. Table 1 shows the patient demographic information. Out of these, 703 (78.5%) patients underwent LC without any further workup. Patients who had abnormal LFTs [193 (21.5%)] were older and there were more males in this group.
Table 2 demonstrates the breakdown of all the patients with abnormal LFT. CBD abnormalities were detected on USG in 91 (47.2%) patients and ERCP was used to extract stones in 90% of them. Abnormal LFT results, in which USG found dilatation but no stones were observed in 28 patients. The mean CBD diameter was 8.8 mm in these patients, with stones being extracted by ERCP in 85.7%. In 40 patients with abnormal LFT results and for whom USG detected both dilatation and stones, the mean CBD diameter was 9 mm, with stones being extracted by ERCP in 90%. 
Normal bile ducts were detected by USG in 102 (52.8%) patients and ERCP was used to extract stones in 26.5% of them. IOC detected two patients with CBDS in the MRCP negative group (false negative 2.9%) and none in the ERCP negative group. There were seven patients with false positive MRCP where the ERCP did not detect any stones (false positive of 21%). This high percentage could be explained by the time between the MRCP and the ERCP that is about 2-3 d because of which the stones could have passed.
More importantly when looking at this group, 29/102 (28.4%) patients had a total bilirubin > 4 mg/dL which is counted as a high risk in recent guide lines (9); out these 17 (58.6%) patients did not have stones on IOC and ERCP was not conducted in this group of patients.
Stones were confirmed in 90% of the patients with an abnormal LFT and USG findings. ERCP detected stones in 24.5% of the patients with normal findings. This strategy avoided the use of MRCP in 47.2% of patients with abnormal LFT with a negative rate for the ERCP of 10% only. It also helped avoid unnecessary ERCP in 17 (58.6%) patients with total bilirubin > 4 mg/dL. 
Statistical findings are shown in Table 3, where patients with abnormal USG, total bilirubin and alkaline phosphatase had a significant stone prediction in a univariate analysis. After controlling for confounders in multivariate logistic regression analysis Alkaline phosphatase and USG findings were found to be significant predictors for CBDS. However, total bilirubin was found not to be a significant predictor (Table 4). 
Multivariate statistical analysis found that the rise in alkaline phosphatase was a significant predictor for CBDS. It became highly significant when double the normal alkaline phosphatase value. In this case, the probability of stone detection by ERCP increased 30-fold when this enzyme level was within the normal range.
In addition, in USG findings that detected CBD dilatation and those that detected stones were both significant predictors for the presence of CBDS found by ERCP. Detection of both dilation and stones concurrently was a highly significant predictor of the presence of CBDS, which were about 60 times more likely than when USG results were normal.
DISCUSSION
CBDS can remain hidden for years, frequently passing undetected into the duodenum. When the symptoms become apparent, the presentation will likely include obstructive jaundice or more serious complications such as acute pancreatitis or cholangitis[7,25]. Preoperative detection and intervention to remove these stones is vital[8]. An increase in bilirubin and alkaline phosphatase levels may be the only evidence of choledocholithiasis[10-12]. USG examination may confirm the presence of CBDS but cannot definitively exclude them when not detected[10]. The gold standard for treating these stones is ERCP, which has sensitivity and specificity rates both around 95%[8,11,14,26,27]. However, if the clinical, radiological, and laboratory testing indicates a low probability of choledocholithiasis, less invasive method such as MRCP should be performed first[9].
The sensitivity of transabdominal USG is low for detecting CBDS (22%–55%), but it is better at detecting CBD dilatation (sensitivity 77%–87%). For patients with abnormal LFT which USG detects CBDS, successful diagnosis of choledocholithiasis has been reported to be above 80%. Negative CBDS detection by ERCP in such patients may be related to the passage of these stones into the duodenum before the procedure[4,28,29].
The diameter of a normal bile duct is 3–6 mm. it increases by one mm every 10 years after the age of 60, causing mild dilatation in the elderly[30]. CBD greater than 8 mm in patients with an intact gallbladder is usually indicative of biliary obstruction[9]. Although no single factor strongly predicts choledocholithiasis in patients with symptomatic gallstones, many studies have shown that the probability of CBDS is higher in the presence of multiple abnormal prognostic signs. Patients with such markers are considered to be at high risk, and preoperative ERCP is indicated when there are no available facilities for performing CBD laparoscopic exploration[9-13,31-34]. 
In the present study, abnormal LFT results were observed in 21.5% in patients with symptomatic gallstones, a higher incidence than previously reported in the literature (15%)[35]. This discrepancy may be related to environmental (Taif is a high-altitude province), cultural or social factors[2-4,6,7]. Our facility is a tertiary hospital serving a widespread rural area.
Therefore, the routine use of MRCP as has been recommended by others for patients with abnormal LFT[17-19] is not practical or cost effective.
Among the patients involved in the study, there were 78.5% patients with normal LFT results and no CBD abnormalities detected by USG. They were therefore referred for LC without further workup, consistent with the recommendations made by the Standards of Practice Committee of the American Society for Gastrointestinal Endoscopy (SPC-ASGE)[9]. The results of our study, which concluded before the publication of the 2010 guidelines, were similar, patients with symptomatic gallstones but normal LFT and USG are considered to be at low risk for choledocholithiasis. For these patients, they recommend, as we do, cholecystectomy, without further evaluation to avoid the cost and risks of additional preoperative biliary evaluation, which are not justified by the low probability of CBDS[9]. Whether or not to perform routine IOC or laparoscopic US during LC remains an area of controversy[20,21].
We found (52.8%) patients with abnormal LFT but normal CBD USG results, who were sent for MRCP examination. This group of patients is considered by the SPC-ASGE to be at intermediate risk of choledocholithiasis, and their guidelines recommend further evaluation with preoperative EUS or MRC or an IOC[9], as we do. However, they do recommend that a total bilirubin higher than 4 mg/dL, should be considered as a high probability of CBDS. In our study, we found total bilirubin to be not a significant predictor on multivariant analysis. Also, in 17 (58.6%) of the patients with high total bilirubin (> 4 mg/dL) and normal USG, CBDS was not detected by IOC in the operating room. Therefore, as per their recommendation ERCP was avoided in this group in our study.

Statistical findings revealed that a rise in bilirubin level was not a significant predictor for detecting CBDS. However, this finding should be reevaluated considering the higher incidences of hepatitis, sickle cell anemia, and secondary polycythemia (related to the high altitude) in our province. Yang et al. found that among the components of the LFTs, alkaline phosphatase was a better indicator for choledocholithiasis than bilirubin[36]. However, the SPC-ASGE reported modestly better CBDS positive predictive values for bilirubin. They found cholestatic liver biochemical tests, in particular alkaline phosphatase and g-glutamyl transpeptidase, increases progressively with the duration and severity of biliary obstruction. 
In the present study, MRCP helped avoid unnecessary ERCP in 58.6% of patients with high total bilirubin and normal CBD USG results. It was associated with a false negative rate of 2.96% and false positive rate of 21%, similar to those reported in other studies[16,37].
Patients with abnormal LFT and USG were classified as a high risk for CBDS. By applying this algorithm, we diagnosed and treated these patients directly with ERCP and avoided the cost of MRCP and stones were extracted in 90%, with a low negative incidence of ERCP of 10%. This led to a shorter hospital stay and was even far better when some patients had the ERCP and the LC in the same sitting.
IOC has multiple advantages, as some centers use it routinely to identify the biliary anatomy and others use it for stone detection[15,16]. Its routine use is still controversial; however, in selective cases it is widely adopted. In cases where CBDS are thought of, it can be used with less cost and in the same time as the LC where it will take few minutes. However, not many general surgeons are familiar with this use, making it a less popular procedure. Therefore, its use in selective cases has been accepted. We have recommended its use in patients with negative MRCP or ERCP since these procedures have a false negative rate and discharging these patients with retained CBDS can lead to delayed acute presentation like acute pancreatitis, cholangitis and cystic duct leak[25,38].
In conclusion, we recommend the use of this simple algorithm to stratify patients into low risk when LFT and USG are normal. These patients can go for LC with no further work-up. Patients with abnormal LFT or US are stratified as intermediate risk regardless of the total bilirubin level and should undergo MRCP as the risk of ERCP is not justified. Patients with abnormal LFT and USG are stratified as high risk and should undergo ERCP and stone extraction with LC in the same sitting if possible, as the cost of MRCP and the time needed is not justified.
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Background

Symptomatic gallstones with abnormal liver function tests are seen in higher percentages in higher altitude areas. Choledocholithiasis is the commonest cause; however, it is a challenge to diagnose and treat these cases while maintaining a low cost and minimum hospital stay. In this study the authors tried to design a simple pathway to diagnose and treat this problem without the over use of magnetic resonance cholangiopancreatagrophy that is costly or the use of endoscopic retrograde cholangiography that has major side effects.

Research frontiers
In the past all patients with common bile duct stones (CBDS) were subjected to endoscopic retrograde cholangiopancreatography (ERCP). This was the best way to diagnose these patients, however, there were complications like bleeding, perforation or even death with this procedure. Then magnetic resonance cholangiopancreatography (MRCP) was developed and became widely used. However, it is very costly and after the diagnosis of CBDS an ERCP was needed to remove the stone. Recently some authors have advocated the routine use of MRCP without looking in the cost or even its availability. The authors believe that it is time to reach a balance between the uses of both procedures to get the best of both when needed.
Innovations and breakthroughs

The authors have developed a simple pathway for the treatment of CBDS which has the least cost and requiring a minimal hospital stay. The authors have also found that the total bilirubin level does not play a part in the pathway as mentioned by the American Endoscopy Society. 

Applications

This simple pathway can be applied in any patient care facility even if it is not very advanced. The pathway does not have any special requirements.
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Figure 1 Algorithm followed in the management of symptomatic gallstones.

Table 1 Demographic data
	               Characteristic

	Value n(%)
	

	Total number of patients
Female patients
Male patients
Mean age of females (yr)
Mean age of males (yr)
Number of patients underwent LC without MRCP or/and ERCP.
Number of patients with abnormal liver functions.
Female patients
Male patients
Mean age of females (years)
Mean age of males (years)
	896
717 (80)
179 (20)
41.4 ± 21.3
45.0 ± 21.6
703 (78.5)
193(21.5)
116 (60)
77 (40)
55.6 ± 19.6
60.7 ± 19.8
	


ERCP: Endoscopic retrograde cholangiopancreatography; MRCP: Magnetic resonance cholangiopancreatography; LC: Laparoscopic cholecystectomy.
Table 2 Radiological findings in patients with abnormal liver function tests n(%)
	Findings
	Patient 
	Stones removed by ERCP 
	Mean T. bili
(mg/dL)
	Mean Al-P
(ratio to normal)

	Total
	193
	109
	3.7
	1.7

	Abnormal CBD on USG (percent of Total)
	91 (47.2)
	82 (90)
	4.2
	2

	CBD dilatation 
	28 (30.8)
	24 (85.7)
	4.5
	2

	CBD stones
	23 (25.3)
	20 (87)
	4.3
	2.2

	Both 
	40 (43.9)
	38 (90)
	4
	1.8

	Normal CBD on USG,
MRCP findings (percent of Total)
	102 (52.8)
	27 (26.5)
	3.3
	1.4

	Normal MRCP 
	70 (68.6)
	2 (2.9)
	3.2
	1.3

	Stones on MRCP 
	32 (31.4)
	25 (78.2)
	3.4
	1.7


MRCP: Magnetic resonance cholangiopancreatography; Al-P: Alkaline phosphatase; T. Bili: Total bilirubin; USG: Ultrasonography; CBD: Common bile duct; LFT: Liver function test; ERCP: Endoscopic retrograde cholangiopancreatography.
Table 3 Final endoscopic retrograde cholangiopancreatography findings
	Presence of stones 
	Number n(%)
	US abnormal
	Mean T. bili
(mg/dL)
	Mean Al-P
(ratio to normal)

	Stones
	109 (56.5)
	82 (90)
	4.3 ± 2.1
	1.9 ± 0.8

	No stones
	84 (43.5)
	9 (10)
	2.9 ± 1.3
	1.3 ± 0.6

	P value
	
	<0.0001
	<0.01
	<0.001

	Total
	193
	91
	3.7
	1.7


MRCP: Magnetic resonance cholangiopancreatography; Al-P: Alkaline phosphatase; T. Bili: Total bilirubin; US: Ultrasound. 
Table 4 Multivariate analysis
	Findings (number)
	Common Bile Duct Stones 
	OR1
	CI1 95

	
	Present n(%)
	Absent
n(%)
	
	

	Alkaline phosphatase
Less than 151 U 
151–225 U 
226–300 U 
More than 300 U 
Ultrasound findings 
Normal 
Dilatation 
Stones 
Both 

	10 (23.3)
37 (54.4)
21 (58.0)
41 (89.0)
27 (26.5)
24 (86.0)
20 (87.0)
38 (95.0)
	33 (76.7)
31 (45.6)
15 (42.0)
5 (11.0)
75 (73.5)
4 (14.0)
3 (13.0)
2 (5.0)
	1.0
3.1
4.5
29.8
1.0
19.8
14.3
61.0
	7.00–9.88
1.23–16.49
7.28–121.54
5.41–72.42
3.53–58.17
13.03–285.1


1The adjusted measure of association between risk factors and CBDS was expressed as the OR with 95 CI. Adjusted or crude ORs with 95 CI that did not include 1.0 were considered significant. OR: odds ratio; CI: confidence interval; U: units; CBDS: Common bile duct stones.
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