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Abstract
Background Transitional drainage which is followed by cholecystectomy plays a key role in the management of
acute cholecystitis, especially in high-risk surgical patients. Endoscopic naso-gallbladder drainage (ENGBD) is an
alternative to percutaneous transhepatic gallbladder drainage (PTGBD) for patients who need temporary drainage.
There is a lack of prospective comparison on the relevant outcomes of the two drainage methods during the period
of drainage, especially the subsequent cholecystectomy.Methods This is a randomised controlled two arm double-
blind singer center trial. Patients with acute cholecystitis undergo emergent or early cholecystectomy and need
drainage will be randomly assigned to group PTGBD or ENGBD. Pain score is de�ned as the primary endpoint,
whereas several secondary endpoints such as the rates of technical success, clinical remission, open conversion
of cholecystectomy will be determined to elucidate more detailed differences between two groups. The general
feasibility, safety and quality checks required for high quality evidence will be adhered to.Discussion This study
would provide the �rst type A evidence concerning the comparison of ENGBD versus PTGBD in surgically high-risk
patients with acute cholecystitis, it will be the �rst trial designed to determine the impact of two drainage methods
on not only peri-drainage but also peri-LC.Trial registration NCT03701464. Registered on 10 Octomber 2018.

Background
Laparoscopic cholecystectomy (LC) was the fundus-�rst approach for acute cholecystitis (AC). As the global
population ages, not only the incidence of AC increases because of the strong relation between AC and age by
previous studies,(1, 2) but an increasing number of patients with comorbidities who are poor surgical candidates
require precise individualized management. According to Tokyo Guidelines 2018(TG18) �owchart,(3) percutaneous
transhepatic gallbladder drainage(PTGBD) should be considered as the �rst-line alternative to surgical intervention
in high-risk patients, especially in some Grade II (moderate) and most of Grade III (severe) AC by the TG18 severity
grading.(4) Nevertheless, it may be limited in patients with thrombocytopenia, coagulopathy, large ascitic �uid, and
Chilaiditi syndrome.(5, 6) In this circumstance, endoscopic gallbladder drainage (EGBD) had also been made
another alternative management in high-volume institutes by skilled endoscopists by TG18 management
strategies for gallbladder drainage.(7) EGBD, including endoscopic transpapillary gallbladder drainage (ETGBD) by
using naso-gallbladder drainage (ENGBD) or gallbladder stent (EGBS) and endoscopic ultrasound-guided
gallbladder drainage (EUS-GBD), is an effective method for acute cholecystitis both technically and clinically and
seems to be safer than traditional PTGBD by a systematic review.(8)

Despite a prospective study comparing EUS-GBD and PTGBD and a randomized, controlled trial had con�rmed
that ENGBD and EGBS all appear to be suitable for the drainage(9)so far, there is no prospective comparison of
ENGBD or EGBS with PTGBD, especially in their impacts while LC. Temporary or permanent drainage is essential
for AC patients at high risk of surgery. In this study, we regard drainage as a temporary bridge to cholecystectomy
in patients at high risk of early LC, yet stents were not expected to fall off during the waiting window, we chose this
untouched territory comparing the ENGBD and PTGBD.

PTGBD has a technical success rate of nearly 97%, clinical response rates range from 56% to 100%,(6) which is
also associated with an overall adverse events rate as high as 14%, including bile leak peritonitis, cholecystitis,
bleeding, subcapsular hematoma, pneumothorax, catheter misplacement, and inadvertent removal. Moreover, it is
contraindicated in patients with large peritoneal ascites, coagulopathy, thrombocytopenia and Chilaiditi syndrome.
(5) For these reasons, less-invasive forms of ENGBD that are more e�cient, more safe and less painful have been
developed.(10) It was �rst proposed in 1984, but reported in 1990,(11) the technical success, clinical success, post-
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procedure adverse events were 88.9%, 81.5%, 9.3% respectively according to the data provided by the only two
randomized controlled studies(9, 12) of comparing ENGBD and EGBS. Despite such promising achievement from
previous studies, the bene�ts of ENGBD and PTGBD on major clinical outcomes have never been compared
prospectively. In particular, the effects of the two drainage method on LC remains uncertain and no extensive
evaluation but only a retrospective study pointed out that ENGBD was more conducive to the smooth
implementation of LC.(13)

Methods

Primary objective
The primary objective of the study is to determine the clinical pain remission of ENGBD versus PTGBD in patients
requiring temporary gallbladder drainage, our hypothesis is that in comparison with standard PTGBD, ENGBD
could not only relieve the pain symptoms associated with acute cholecystitis itself, but also relatively alleviate the
severe pain caused by drainage.

Secondary objectives
The study will also compare ENGBD and PTGBD on clinical outcomes of drainage and the di�culties of
cholecystectomy in surgically high-risk patients with acute cholecystitis, especially drainage success rate, clinical
remission, adverse events. Also, their impacts on cholecystectomy will be focused and targeted, including di�culty
grading of cholecystectomy, cholecystectomy duration, pathology and so on.

Trial design
The LCEVP is an investigator-initiated, parallel group, single-center, randomized controlled, with the allocation
ration of 1:1, non-blind trial, however, the statistician would not know the grouping.

Participants, interventions, and outcomes
This manuscript was written adheres to SPIRIT 2013 Statement.(14) The checklist is available as an attached
�le1.

Study setting
The trial would be set at an university a�liated tertiary-care A hospital center which performs approximately more
than 2000 ERCPs per year. The outline of trial procedures is presented in Figure 1.

Eligibility criteria

Inclusion criteria
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Patients that were not considered suitable for early or urgent cholecystectomy because of high surgical risk, in
which case biliary drainage followed by delayed LC is recommended by the TG18 �owchart: Grade II (moderate)
AC, antibiotics and general supportive care fail to control in�ammation; Grade III (severe) AC, after antibiotics and
general organ support, negative predictive factors present including jaundice (TBil ≥2), neurological dysfunction,
respiratory dysfunction or no negative predictive factors present but American Society of Anesthesiologists
physical status classi�cation (ASA-PS) is 3 or greater or Charlson comorbidity index (CCI) is 4 or greater.

Exclusion criteria
Exclusion of patients who meet one or more of the following criteria: age <18 or >90 years, pregnant or
breastfeeding, severe obesity (body mass index ≥ 35 kg/m2), consent refusal, coagulation dysfunction (INR> 1.5)
and low peripheral blood platelet count (<50×10^9 / L), using anticoagulation or antiplatelet drugs; bile duct
stones; prior surgery of Bismuth , Roux-en-Y and choledochojejunostomy, preoperative coexistent diseases: acute
pancreatitis, GI tract hemorrhage or perforation, severe liver disease (such as decompensated liver cirrhosis, liver
failure and so on), any malignant diseases.

Endoscopic surgeons criteria
All ERCP operations and LC are completed by an endoscopic surgeons team, with more than 10 years of ERCP and
20 years of LC experience, 400 cases of ERCP and 450 cases of LC per year at present.

Interventions
A systematically trained experienced attending physician assesses that once evidence of gallbladder drainage is
available, all patients eligible for inclusion were informed fully of written informed consent, then would be
randomly assigned to the interventional group (ENGBD) or to the reference group (PTGBD). Of course, risks and
bene�ts associated with surgery would be routinely communicated and agreed in writing.

The experimental group patients are sedated by intravenous administration of sufentanil and propofol, then
selective bile duct cannulation, a 0.025- or 0.035-inch guidewire is advanced into the cystic duct and subsequently
into the gallbladder, withdraw the catheter, a 5Fr nasogallbladder catheter is inserted into the gallbladder along the
guidewire. PTGBD is guided by ultrasound, an 18-gauge needle is inserted into the gallbladder a 0.035-inch
guidewire is coiled into the gallbladder and a 9Fr dilator expands the skin, then an 8Fr 20cm catheter is placed.

When ENGBD was technically unsuccessful or clinically ineffective, endoscopic nasobiliary drainage (ENBD),
PTGBD and EUS-GBD were used as alternative procedures. The patients of inclusion would be given appropriate
and quality treatment at anytime, in order to reduce waiting and improve adherence. Properly trained volunteers
would accompany patients on key treatments, such as ERCP and PTGBD, extubation, LC, etc. This not only
improves adherence because of the convenience to patients, but monitor adherence to a certain extent.

All patients of inclusion would be administered by the attending physician in accordance with recent guidelines for
AC management, including su�cient infusion, maintenance of electrolyte balance, antibacterial agents, the
monitoring of respiratory and hemodynamics, correction of acidosis and complications.
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In particular, there is no strict recommendation for extubation time, ENGBD group would extubate when the bile in
the nasogallbladder tube becomes clear, which is approximately 4 days after the drainage based on our
experience. PTGBD group extubate after more than two weeks due to �stula formation. Also, no consensus has
been reached about the optimal timing of LC after drainage. Because most studies(15–17) �gure out the short
interval increases intraoperative di�culty, we require all patients to undergo cholecystectomy 3 months after
drainage, so that edema and in�ammation around the gallbladder subsided completely.

Outcome

Primary outcome measures
The primary outcome is the pain score, de�ned as pain experienced during mobilization from the supine to the
standing position. Using the visual-analogue scale, pain score would be obtained within 2 hours before drainage
and at post-drainage 24h, 48h, 72h in conscious and communicating patients by a specially trained nurse, who
devoted herself to the objectivity and authenticity of the scores. The details of assessment are as follows: draw a
10 cm line on a piece of paper, mark one end of the line with the number 0, indicating no pain; the other end with
10, indicating the most severe pain; the middle part indicates different degrees of pain. While assessing the pain of
patients, make sure the patient could not see the numbers on the paper and let them mark the position according
to their feelings about the pain. Then the nurse would get a score based on the mark. Pain scores re�ect directly
the degree of pain, the remission of pain not only relieves the pain symptoms associated with acute cholecystitis
itself, but relatively alleviates the severe pain caused by tube.

In order to avoid the effects of anesthesia, we chose to evaluate the pain 24 hours after drainage. Especially, all
pain assessment should be performed without the administration of pain killers or after using an analgesics for 6
hours. All modi�cations in pain management are recorded. Our team routinely prepares a multimodal approach to
pain management, which is applied mainly based on nonsteroidal anti-in�ammatory drugs (NSAIDs) and other
adjuvant drugs, but tries to avoid applying it.

Secondary outcome measures
Table 1 presents details. These information comprehensively re�ect effectiveness and safety of drainage, and
di�culties in cholecystectomy.

Participant timeline
Please see table 2.

Sample size
The sample size calculation is based on the primary outcome-the pain score after drainage. According to the
research by Jang, Ji Woong et.al,(18) using the method provided by Dehui Luo et.al(19) and Xiang Wan et.al,(20)
the median post-procedure pain score in the PTGBD group was 5.4±3.1. And the mean visual analog score of post-

http://et.al%2C%2818/
http://et.al%2819/
http://et.al%2C%2820/
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procedure pain in the ENGBD group was 1.3 by Takao Itoi et.al.(9) Using a theoretical sample size for two-sample
design, 9 participants are needed in each group with 80% power and a 5% signi�cance level. Allowing for a 10%
loss to follow-up, we plan to recruit 22 patients (11 in each group).

Recruitment
The recruitment would last 20 months which began in June 2018. This duration was estimated based on the
number of admissions for surgical high-risk AC patients at the team in previous 2 years. To achieve adequate
participant enrollment, relevant work on the study would be performed around the clock, including nights and
weekends as routine clinical practice.

Assignment of interventions

Allocation sequence generation and randomization
The randomization numbers were generated by statistician using computer program with 1:1 allocation, stored
and encoded 20 sealed, opaque envelopes independently. When a participant meets inclusion and inclusion
criteria, two volunteers �rst record the name and the code of the next unopened envelope, then open the envelope
and sign their names. At last, the treatment assignment would be sent to the attending physicians, which could get
only one allocation at a time after all pre-drainage preparations were completed, including the evaluation of
patients and informed consent of participants.

Blinding
This is an open-label, unblinded trial for patients and physicians because of the nature of the intervention (position
and shape of drainage tube). However, the investigator of collecting secondary outcomes, the assessor of clinical
and biological data in charge of statistical analyses and outcome assessment will be masked as to the subjects
assigned group.

Data collection, management, and analysis

Collection, management
All data are prospectively collected and managed by the well-trained research volunteers.

The baseline data would be collected and registered on inclusion: age, sex, BMI, body temperature, interval
between onset of AC and drainage, comorbidities and coexisting conditions, ASA grade, CCI, AC grade based on TG
18 severity grading,(4) white blood cell (WBC) count, electrolytes, total bilirubin, CRP and so on. This would
systematically re�ect the characteristics of participants.

The peri-drainage data would be obtained from 2 hours before drainage to one week after ENGBD or PTGBD, such
as drainage success, clinical remission, adverse events, pain scores within 2 hours before drainage and at post-

http://et.al.%289/
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drainage 24h, 48h, 72h, etc.

The following data are collected and registered on peri-LC: gallbladder wall thickness changes (pre-drainage to pre-
LC), duration and hemorrhage of LC, gallbladder integrity, drainage tube, hospitalization (hospital stay after
gallbladder drainage and cholecystectomy), surgical site infection, severe adhesion, pathology, LC related
complications.

Results that are negative or undetected or measured as 0 should have corresponding symbolic representation and
can not be vacant, in order to distinguish from missing values. The treatment of outliers should be judged from
both medical and statistical aspects by the statistician during blind examination.

Images and biological samples including venous blood and bile will be collected for probably ancillary and long-
term research. Also, all patients will be followed up 6 months after cholecystectomy.

The volunteers of data acquisition have rich clinical experience and rigorous working attitude, and received training
and guidance. Data storage would be carried out by two independent investigators to ensure reliability and validity.

We would also pay attention to and collect the information of the participants who discontinue or deviate before
cholecystectomy and the follow-up are completed. To promote participants’ retention and enthusiasm, we would
establish work�ow manuals contact patients regularly, communicate properly and take effective care of their
health.

Analysis
A prede�ned statistical analysis plan will be followed. All statistical analyses were conducted with IBM SPSS
(version 21.0). P values of less than 0.05 were considered to represent statistical signi�cance. Categorical
variables would be reported as counts and percentages. The mean and standard deviation or median with
interquartile ranges (IQR) were used to describe continuous variable data, as appropriate.

The primary analysis is a comparison between ENGBD and PTGBD for the pain remission based on an intention-
to-treat principle. A multilevel, random-slope model would be �tted to the data with time points nested in patients
to allow for clustering of data within each patient. This model adjusted for the �xed effects of treatment group,
time (–2, 24, 48 or 72 hours), and treatment × time interaction. An unstructured covariance pattern was selected for
the repeated measurements as the least restrictive structure, which resulted in better model �t based on log-
likelihood values than more constrained patterns. Estimates of the difference in pain scores between treatment
groups were assessed overall and at individual time points.

The secondary analysis is a comparison between ENGBD and PTGBD for the rates of technical and clinical
success, adverse events, gallbladder wall thickness changes. Also, the outcomes during cholecystectomy including
duration time, open conversion would also be analyzed. The Chi-square test or Fisher exact test was used for
dichotomous variables, and Wilcoxon test was used for rank data. For quantitative data, two-tailed Student’s t test
is used if the normal distribution and homogeneous total variance are satisfying, otherwise, Wilcoxon test is used.

A blinded adjudication committee will assess the occurrence of the primary and secondary endpoints after the last
patient has completed follow-up.
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Data monitoring
Setting up a data monitoring committee and interim safety analysis are unnecessary because of the high security
and short cycle of this trial.

Harms
All adverse events thought to be related to the trial would be recorded rigorously and carefully. Any unexpected
major serious complications suspected to be associated with ENGBD must be reported to interviewer and
attending physicians, the trial may be temporarily stopped, and effective treatment measures in the �rst place will
be taken by attending physicians.

Auditing
A auditing committee consisting of an endoscopist, a surgeon and a sonographer, would monitor the trial at least
once every 3 months. They remain independent from investigators and audit the frequency, procedures, and safety
of the trial.

Protocol amendments
Any changes to eligibility criteria, outcomes and analyses would obtain approval from the ethics committee and
the clinical trial.

Con�dentiality
Data would be handled in a con�dential way. During the whole experiment, sensitive information such as the
patient’s name, identity card number would not be exposed by coding

Access to data
All investigators would have access to the �nal trial data set after the end of the study.

Dissemination policy
Data analysis, interpretation and �ndings would be presented at academic conference and published in peer-
reviewed journals. After the end of the trial, the interviewer will complete the writing and submit the manuscript via
open access as soon as possible. Every participant would get the results and conclusions by mail.

Discussion
To our knowledge, LCEVP would be the �rst randomised controlled study powered to investigate the effect of
ENGBD and PTGBD on peri-drainage and peri-LC in poor surgical AC population. Moderate and severe AC are
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usually associated with increased morbidity and mortality if rushed cholecystectomy is performed, it is becoming
increasingly di�cult to ignore the optimal management of AC, which includes transitional and permanent
drainage, especially when it comes to critically ill patients with multiple comorbidities.

Only one small retrospective discovery of limited quality compared the ENGBD and PTGBD in AC patients to date.
(13) Part of the reason may be that ENGBD has to precisely over-select into the di�cult visualizing, long, narrow,
tortuous cystic ducts, which is a challenge because the ducts could be blocked by stones. The weighted pooled
rates for technical success of ENGBD is 81% according to a proportion meta-analysis.(8) However, this technique
uses standard off-the-shelf ERCP accessories and can be performed in patients who are coagulopathic or using
antiplatelet or anticoagulant agents, and it has certain advantages including better drainage effect which can be
observed directly, convenient removal of drainage tube, no establishment of abnormal anatomic �stula and so on.
Thus it may be regarded as a bridging therapy for acute cholecystitis followed by interval surgical
cholecystectomy. Unfortunately, the impact of ENGBD on LC is rarely reported.

Compared to direct surgery, PTGBD shorten the operative duration of LC in patients with moderate to severe AC.
(21) However it has a high risk of conversion to an open procedure during cholecystectomy by a multicenter
analysis.(22)

As a large surgical endoscopy center that completed more than 2000 ERCPs per year, our team not only has rich
experience in cholecystectomy, but also masters excellently the endoscopic minimally invasive technique, we are
con�dent to complete this major impact study. The trial has the potential to optimize drainage management with
direct and realistic bene�ts for critical AC patients. It is worth mentioning that we would also pay attention to the
effects of the two drainage methods on the cholecystectomy. If the study �nds out that ENGBD may contribute to
late cholecystectomy, it will be an excellent alternative or a powerful complement to PTGBD.

Trial status

The current LCEVP protocol is version 3.0 (15 May 2019). The trial opened to recruitment on 10 October 2018.
Maybe we would complete the recruitment on 10 October 2020.

List Of Abbreviations
ENGBD: Endoscopic naso-gallbladder drainage; PTGBD: percutaneous transhepatic gallbladder drainage; LC:
Laparoscopic cholecystectomy; EGBD: endoscopic gallbladder drainage; ETGBD: endoscopic transpapillary
gallbladder drainage; EGBS: endoscopic gallbladder stent; EUS-GBD: endoscopic ultrasound-guided gallbladder
drainage; NSAIDs: nonsteroidal anti-in�ammatory drugs.
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Tables
Table 1 Secondary outcome measures

Secondary outcome Definition

Drainage success Bile juice outflow more than 50ml from tube a day
Clinical remission Improvement of typical clinical symptoms with laboratory tests, radiologic findings after

the procedure
Adverse events Migration, hemorrhage, perforation, bile leak in peri-drainage
Gallbladder wall thickness
changes

The change of thickness of gallbladder wall pre-drainage and pre-lc

Severe adhesion Establishing the critical view of safety is difficult
Duration Time of laparoscopic cholecystectomy
Hemorrhage The amount of bleeding during LC
Gallbladder integrity Complete separation of the gallbladder from the liver, with no residual or damage
Drainage tube The surgeon decides the placement of the abdominal tube
Surgical site infection Superficial or deep incisional infections, or organ/space infections (i.e. intraabdominal

abscesses)
Open conversion Conversion to open surgery was decided by surgeon.
Pathology Pathologic findings of excised gallbladder: necrotizing, suppurative, edematous, chronic

cholecystitis.
LC-related complications Bleeding, bile leakage, subhepatic abscess formation in peri-LC

Table 2 Participant timeline

STUDY PERIOD
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  Enrollment Allocation Post-allocation Close-
out

TIMEPOINT <12h 0 2h 12h day1 day2 day3 day4 2w 2m 3m 4m 5m 6m

Eligibility screen X                          
Informed consent X                          
Laboratory test X                          

Allocation   X                        
INTERVENTIONS  

ENGBD+LC       X X X X X     X      
PTGBD+LC       X X X X X X   X      

ASSESSMENTS                            
List baseline
 variables   

X X X                      

List pain score     X   X X X              
List second
outcomes

 

Peri-drainage           X X X X          
Peri-LC                   X X      

Follow-up                       X X X

Figures
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Figure 1

Flow chart of participants.
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