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AbstrACt
Introduction The best approach for choledocholithiasis 
remains a matter of debate. Choledocholithiasis is 
usually treated with endoscopic sphincterotomy (EST), 
laparoscopic common bile duct exploration (LCBDE) or 
laparoscopic transcystic common bile duct exploration 
(LTCBDE). Data pertaining to the clinical outcomes of 
these approaches in the management of patients with 
cholecysto- choledocholithiasis in China are limited. An 
analysis of the economic burden associated with these 
treatments is lacking. The Chinese REgistry Study on 
the Treatment of Cholecysto- Choledocholithiasis (CREST 
Choles) was designed to address these issues in a real- 
world setting.
Methods and analysis CREST Choles was an 
ambispective, multicenter, observational, open- cohort 
study. A total of 2700 patients undergoing one of the 
three treatments (EST+laparoscopic cholecystectomy 
(LC), LCBDE+LC and LTCBDE+LC) during the period from 
1 January 2013 to 1 December 2018 at participating 
centres were enrolled in the study. Patients with gallstones 
and confirmed common bile duct stones were included. 
Data pertaining to demographics, disease history, 
procedural details, imaging features and follow- up were 
collected. Follow- up was conducted at least 6 months 
after enrolment in the study and annual follow- up 
will be conducted until December 2020. The primary 
outcome is the rate of adverse outcomes within 3 years 
postoperatively. Economic analysis (eg, incremental 
cost- effectiveness ratio) would be performed to compare 
expense across treatments.
Ethics and dissemination Ethical approval was obtained 
at all participating centres. The registry presented is the 
first attempt to comprehensively evaluate the cost of 
treatment for cholecysto- choledocholithiasis in China. 
Findings are expected to be available in 2020 and will 
facilitate clinical decision making in such cases.
trial registration number NCT02554097.

IntroduCtIon
The prevalence of gallstones is 6%–12% 
in the Chinese population.1 2 Choledocho-
lithiasis is estimated to affect 3%–16% of 
individuals with gallstones.3 Blockage of the 
common bile duct (CBD) by calculi results 
in obstructive jaundice. Complications such 
as cholangitis, hepatic abscess or pancreatitis 
can also develop, sometimes resulting in 
death. Timely treatment is critical to prevent 
disease progression.4 5 Cholelithiasis with 
or without choledocholithiasis represents 
a major healthcare burden throughout the 
world.

strengths and limitations of this study

 ► In a real- world setting, we compare the three 
treatments used most commonly for cholecysto- 
choledocholithiasis in China (endoscopic retrograde 
cholangiopancreatography/endoscopic sphincter-
otomy+laparoscopic cholecystectomy (LC), lap-
aroscopic common bile duct exploration+LC and 
laparoscopic transcystic common bile duct explora-
tion+LC) in terms of outcomes and cost.

 ► The primary outcome measure is the rate of adverse 
outcomes. This is a composite endpoint that includ-
ed recurrent or residual common bile duct stones, 
intrahepatic stones and complications related to 
treatment.

 ► The main limitation is that this study is an inves-
tigation of real- world patients with cholecysto- 
choledocholithiasis, and some confounders may 
induce a certain degree of bias.

 ► Another limitation is that this study will recruit from 
a population of Chinese and so applications to other 
populations will require further study.

http://bmjopen.bmj.com/
http://orcid.org/0000-0001-7252-5349
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2019-030293&domain=pdf&date_stamp=2019-10-22
NCT02554097
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Laparoscopic cholecystectomy (LC) is the gold stan-
dard for the treatment of gallstones.4 However, the best 
approach for choledocholithiasis remains a matter of 
debate.5 6 Choledocholithiasis is usually managed by 
endoscopic sphincterotomy (EST) and/or endoscopic 
retrograde cholangiopancreatography (ERCP),7 espe-
cially in cases requiring the relief of biliary obstruction. 
LC may be performed at the same time or at a later date.4 
Alternatively, LC may be performed in combination with 
intraoperative CBD exploration.7–9

Meta- analyses8 10 of randomised clinical trials have 
reported similar rates of stone clearance, postoperative 
morbidity and mortality for LC with intraoperative CBD 
exploration as well as ERCP followed by LC. A recent 
review11 compared laparoscopic transductal CBD explo-
ration (LCBDE) with laparoscopic transcystic CBD explo-
ration (LTCBDE). The authors found no strong evidence 
to support use of one approach over the other. In China, 
few studies have investigated the baseline characteris-
tics, management and clinical outcomes of patients with 
cholecysto- choledocholithiasis. A comparison of treat-
ments in terms of cost- effectiveness is also lacking. The 
Chinese REgistry Study on Treatment of Cholecysto- 
Choledocholithiasis (CREST Choles) was designed to 
compare the three treatments used most commonly for 
cholecysto- choledocholithiasis in China (ERCP/EST+LC, 
LCBDE+LC and LTCBDE+LC) in terms of outcomes and 
cost.

MEthods
Patient registration
The CREST Choles study is an ambispective, multicenter, 
observational, open- cohort study. We screened all patients 
who underwent one of the aforementioned treatments 
during the period from 1 January 2013 to 1 December 
2018. Clinical research coordinators (CRCs) invited 
patients to join our study telephonically at the time of the 
first follow- up. Recruitment was non- competitive and did 
not influence the clinical management of patients in the 
prospective cohort after the study started. Patients were 
recruited retrospectively from January 2013 to December 
2016 and prospectively during the period from January 
2017 to December 2018. Follow- up will be conducted 
until December 2020.

Inclusion criteria
1. Patients between 18 and 80 years of age with gall-

stone(s) confirmed by one of the imaging studies (ul-
trasonography, MRI and CT).

2. Patients with CBD stone(s) confirmed by MRI, CT, in-
traoperative cholangiography or transcystic CBD ex-
ploration.

3. Patients were treated with one of the three approach-
es (ERCP/EST+LC, LCBDE+LC or LTCBDE+LC). 
Patients undergoing LCBDE with primary CBD clo-
sure or T- tube drainage were included. In the ERCP/
EST+LC group, we only included the management of 

ERCP/EST followed by LC and the time interval be-
tween procedures was ≤3 months.

Exclusion criteria
1. Patients with Mirizzi syndrome or intrahepatic bile 

duct stones.
2. History of EST/ERCP, percutaneous transhepatic bili-

ary drainage, gallstone removal with gallbladder pres-
ervation or partial cholecystectomy prior to admission.

3. Patients with open cholecystectomy, single- incision 
cholecystectomy or robotic cholecystectomy.

4. Patients with severe cardiorespiratory, cerebral or met-
abolic disease.

5. Pregnant women.
6. Patients not willing or unable to provide consent for 

the study.

outcome measures
In this study, the primary outcome measure was the rate 
of adverse outcomes. This was a composite endpoint that 
included biliary- related complications (cholangitis, bile 
duct stricture, bile duct injuries, bile leak and biliary 
carcinoma), stone- related outcomes (retained stone, 
recurrence of choledocholithiasis and stone reforma-
tion in the intrahepatic bile duct), pancreatitis, inci-
sion or abdominal or pulmonary infection, incisional 
hernia, and postoperative haemorrhage, bowel perfo-
ration, pancreatitis, abscess, death and other complica-
tions evaluated by researchers related to treatment.

Secondary outcome measures were as follows:
 ► Biliary stone recurrence- free survival rate: the time 

interval from the date of operation until the final 
follow- up examination or detection of biliary stone(s).

 ► Total cost: the total cost during hospitalisation.
 ► Failure rate: the incidence of failure of the primary 

procedure.
 ► Hospital stay: the total duration of hospitalisation 

(including hospital stay during ERCP/EST).
 ► Operation time: the total time required for the 

surgeries (including the ERCP/EST).
 ► Blood loss: total estimated blood loss during surgery.
 ► Mortality: all- cause mortality and mortality caused by 

complications.

data collection
A standard case report form (CRF) was designed at the 
start of our study and transferred to an electronic data 
capture (EDC) system (http:// a. est- b. medbanks. cn/). 
The EDC system provides a graphical user interface 
for data entry. It has a validation component for cross- 
checking user data and a reporting tool for analysis. 
Trained CRC from MedPISOn (Medical Technology Co, 
Shanghai, China) obtained all required information from 
the medical records and entered it into the electronic 
database. Data were recorded primarily in the electronic 
database. Clinical research associates (CRA) from Beijing 
Funhau Medicine Technology Co monitored the elec-
tronic database.

http://a.est-b.medbanks.cn/
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Table 1 Checklist for the first and follow- up visits in CREST Choles

First entry of 
the clinical 
data

First day 
after 
surgery

Visits at 
3- month 
intervals

Visits at 
6- month 
intervals

Visits at 
1- year 
intervals

Visits at 
2- year 
intervals

Visits at 
3- year 
intervals

Patient identification number    

Date of registration    

Admission time    

Age    

Gender    

Jaundice    

Smoking and drinking habits    

Disease history (hypertension, diabetes mellitus, coronary 
heart disease, chronic obstructive pulmonary diseases)

   

History of previous upper abdominal surgery    

Routine blood tests       ○ ○ ○ ○ ○

Biochemical investigations       ○ ○ ○ ○ ○

CT and/or MRI (number and diameter of CBD stones and 
diameter of CBD)

   ○ ○ ○ ○ ○ ○

Emergency or not    ○ ○ ○ ○ ○ ○

ASA    ○ ○ ○ ○ ○ ○

Surgical information    ○ ○ ○ ○ ○ ○

Discharge time    ○ ○ ○ ○ ○ ○

Complications    ○ ○ ○ ○ ○

Cost    ○ ○ ○ ○ ○ ○

Adverse outcomes                      

Adverse event ○ ○ ○ ○ ○ ○ ○

○, optional;   , mandatory.
ASA, American Society of Anesthesiologists physical status class; CBD, common bile duct.

The CRF was designed to collect the necessary informa-
tion (table 1), as follows:
1. Demographics and disease history: age, gender, habits 

related to smoking and drinking, jaundice, admission, 
hypertension, diabetes mellitus, coronary heart dis-
ease, chronic obstructive pulmonary diseases, history 
of upper abdominal surgery.

2. Preoperative examinations: the results of routine blood 
tests and biochemical investigations, especially ala-
nine transaminase (ALT), aspartate aminotransferase 
(AST), alkaline phosphatase (ALP), gamma- glutamyl 
transpeptidase (GGT), total bilirubin (T- Bile) and di-
rect bilirubin (D- Bile), the number and diameter of 
CBD stone(s), and the diameter of CBD from MRI, 
MRCP and/or CT data, the severity of acute pancreati-
tis assessed based on findings from CT.

3. Surgical information: emergency or elective, date 
of operation, American Society of Anesthesiologists 
physical status class, duration of operation, blood loss, 
number and diameter of CBD stone(s), diameter of 
CBD. Details about the methods used for CBD clear-
ance and closure: primary suturing, T- tube drainage, 
endoscopic nasobiliary drainage, balloon expansion, 

microincision of the cystic duct, intraoperative litho-
tripsy, conversion to open surgery, conversion to an 
LCBDE or completing the LC and performing a post 
LC ERCP/EST in LTCBDE group, failure to clear CBD 
stones and abdominal drainage.

4. Outcomes: duration of hospitalisation, the results of 
routine blood tests and biochemical investigations 
(especially ALT, AST, ALP, GGT, T- Bile, D- Bile and 
amylase) on the first day after surgery, in- hospital com-
plications, cost and death.

Follow-up
The first follow- up was conducted by CRC at participating 
hospitals through telephonic interviews that took place 
3–6 months from the date of enrolment. Annual follow- up 
will be conducted until December 2020. Follow- up inter-
views were designed to acquire information about adverse 
events, complications related to treatment and the recur-
rence of stones following initial presentation. These 
events will be confirmed by the researchers together 
with the principal investigator through a comprehensive 
review of related medical records and details pertaining 
to follow- up. Abdominal ultrasound and liver function 
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tests were carried out if any abdominal symptom(s) devel-
oped during the follow- up period. MRCP was performed 
in the case of abnormal results on ultrasonography or 
liver function tests.

Quality control
Data were checked for completeness and precision at 
the point of entry by an independent authority (Beijing 
Funhau Medicine Technology Co). All the data have the 
standard and/or definition as mentioned in the CRF 
Reference Data. The CRA checked all data sourced from 
medical records and follow- up visits for accuracy. When 
analysing data with multiple timepoints after the point 
of entry, the quality check results and data modification 
traces were recorded in the EDC system.

statistical analysis
All continuous data are described as medians with inter-
quartile ranges or as means with SD. Categorical data are 
presented as proportions, frequencies or percentages. 
Continuous group data will be compared using Student’s 
t- test for normally distributed variables or the Mann- 
Whitney test for skewed variables. The χ2 test or Fisher’s 
exact test will be used for categorical variables. Kaplan- 
Meier curve analysis will be used to compare the rate of 
stone recurrence among groups. The Cox proportional 
hazards model will be used to evaluate the HR for adverse 
outcomes and stone recurrence. P values <0.05 will be 
considered statistically significant.

Analyses were conducted in accordance with the 
intention- to- treat principle. If a patient after failed 
ERCP/EST underwent LCBDE or any other operation 
and subsequently developed bile leak, the patient was 
included in the ERCP+LC group and counted in the 
failure rate. The complications such as bile leak occur-
ring due to secondary procedures such as LCBDE were 
neither counted in EST group nor in LCBDE group. In 
LTCBDE group, we would also record the conversion to 
an LCBDE or completing the LC and performing a post 
LC ERCP/EST. All these patients’ data would be analysed 
in the perioperative data and would not be included in 
the long- term efficacy analysis.

determination of sample size
The sample size calculation is based on estimates of 
the rate of adverse outcome obtained from previous 
systematic review and meta- analysis12–14 and the data of 
our centres.15 In order to achieve a power of 80% and 
an α value of 0.05, with a 18% adverse outcome rate in 
EST group, 12% in LCBDE group and 8% in LTCBDE 
group, the estimated total sample size required for the 
trial is at least 1755 patients (585 in each group). The 
withdrawal rate is assumed to be 20% during follow- up, 
thus the sample size for this study will need to be at least 
2194 patients to show a crude difference of manage-
ments. Nevertheless, the present study is observational, 
and some patients will be recruited to allow us to have 
sufficient information on subgroups of patients to do 

further analysis. Hence, an estimated sample size of 2700 
enrolled patients is required.

Patient and public involvement
Patients and public were not involved in the design, the 
recruitment or conduct of the study.

dIsCussIon
The optimal treatment for choledocholithiasis must have 
a high rate of success and a low rate of complications. The 
equipment needed for all components of treatment must 
be readily available and cost- effective for most patients. 
Unfortunately, there is no universal consensus on the 
management of CBD stones. The CREST Choles registry 
will update the clinical epidemiology of cholecysto- 
choledocholithiasis in China and record the outcomes 
of the three minimally invasive treatments used most 
commonly for treatment. The primary outcome measure 
is the rate of adverse outcomes, a composite endpoint 
that includes in- hospital mortality, retained stones and 
complications over a long- term period such as recurrence 
of CBD stones, stenosis of the bile duct and cholangitis. 
The purpose of this study is to compare outcomes and 
costs of various treatment approaches to cholecysto- 
choledocholithiasis in China and to facilitate evidence- 
based clinical decision making.

LC is the gold standard treatment for the treatment 
of gall bladder stones.4 However, the best approach for 
choledocholithiasis remains a matter of debate.5 6 In the 
past, the most commonly applied procedure was open 
CBD exploration combined with cholecystectomy for 
treating patients with cholecysto- choledocholithiasis. 
Along with the improvement of endoscopic techniques, 
ERCP/EST plays an increasingly important role in the 
diagnosis and management of CBD stone7 and is recom-
mended by the 2016 European Association for the Study 
of the Liver (EASL) clinical practice guidelines.3 The most 
commonly applied procedure is preoperative ERCP/EST 
followed by LC,3 especially in cases requiring the relief of 
biliary obstruction.4 Nevertheless, accumulated evidence 
suggests that sphincter of Oddi damage after EST could 
lead to potential biliary infection and stone recurrence 
secondary to reflux of duodenal contents into the bile 
duct.16 A recent meta- analyses17 of 13 studies reported that 
LCBDE+LC is superior to pre- EST+LC in terms of short- 
term as well as long- term postoperative efficacy. However, 
half of the studies lacked the follow- up information. 
The LCBDE group in this study included transcystic and 
transductal exploration, which are two different surgical 
procedures. One recent review11 compared transcystic 
and transductal exploration as a single- stage treatment 
for choledocholithiasis and concluded that transductal 
exploration was associated with a higher rate of complica-
tions. Another study found that LTCBDE for surgically fit 
patients with choledocholithiasis does not alter the length 
of the postoperative stay or increase morbidity compared 
with LC alone.18 We have also reported that LTCBDE is 
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associated with far fewer complications; selected patients 
may be discharged safely in <24 hours.19 Therefore, tran-
scystic exploration should be considered an independent 
treatment for choledocholithiasis.

Although the transcystic approach avoids the difficult 
and tedious task of laparoscopic suturing required for 
laparoscopic choledochotomy, transcystic exploration 
may not be feasible in all cases of CBD stones due to the 
inability to cannulate the cystic duct, the large size of CBD 
stones and other technical difficulties. On the contrary, 
transductal exploration can be performed in most cases, 
except those with CBD diameter less than 7 mm. However, 
if CBD stones are diagnosed early, then they are likely to 
be small with a normal CBD. In such cases, the success 
rate of the transcystic exploration is greatly increased. 
Multiple reports18 20–22 on LTCBDE have been published 
and different modalities have been applied with success. 
For CBD stones larger than the cystic duct, microinci-
sion of the cystic duct and its confluence was performed. 
This technique has its advantages, including easy access 
to the CBD and the straightforward removal of larger 
stones, and eliminates the need for routine drainage of 
the CBD.23 Lithotripsy is particularly helpful for impacted 
biliary tract stones.24 In one recent study, the use of lith-
otripsy to fragment stones made the transcystic approach 
feasible, resulting in success, without any increase in the 
incidence of complications.15

To the best of our knowledge, this is the largest obser-
vational study to systematically investigate the three 
invasive treatments performed most commonly. By 
exploring the long- term outcomes of these therapies 
for cholecysto- choledocholithiasis (including the recur-
rence of stones in the biliary tract), we can identify the 
risk factors that contributed strongly to stone recurrence. 
This study will also provide information on which lapa-
roscopic procedure is most beneficial for patients with 
cholecysto- choledocholithiasis. Furthermore, by investi-
gating the preoperative factors associated with short- term 
and long- term complications, we will be able to identify 
modifiable factors in order to prevent complications in 
the future. In summary, the current study will improve 
our understanding of the development of cholecysto- 
choledocholithiasis and factors influencing its outcomes, 
which will eventually facilitate the optimisation of individ-
ualised treatment.

As the current study is observational and partly retro-
spective, it has limitations related to selection bias and 
the inadequacy of data recording. Some key statistics 
such as diameter and number of CBD stones cannot be 
measured accurately in some cases, and biases may affect 
the assessment of factors that increase risk for adverse 
outcomes. To overcome these limitations and ensure a 
high quality of treatment and data recording, we selected 
tertiary hospitals with extensive clinical and research 
experience with choledocholithiasis. We also conducted 
third- party monitoring throughout the study and meet-
ings. Researchers were trained at least twice per year, in 
order to ensure the accuracy of the data and promote 

adherence to the protocol. As most of the patients with 
cholecysto- choledocholithiasis will be treated at these 
tertiary hospitals in China, this study appears to have 
contributed to alterations in the nature of care provided 
for Chinese patients with cholecysto- choledocholithiasis.

EthICs And dIssEMInAtIon
This study was designed as an ambispective, observa-
tional registry, and the information was collected after 
discharge. Therefore, clinical practice will not be influ-
enced by the study.

We have transferred the CRFs to an electronic database 
(http:// a. est- b. medbanks. cn/), which will be stored in a 
hard disk and cloud environment. Result dissemination 
in professional peer- reviewed journals is expected to 
commence in 2020.
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