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ABSTRACT
Introduction Postoperative pancreatic fistula (POPF) 
remains one of the most severe complications of 
laparoscopic pancreaticoduodenectomy (LPD). 
Theoretically, transecting the pancreatic neck more 
distally has both advantages (more blood supply, and 
more central pancreatic duct) and disadvantages 
(maybe smaller the pancreatic duct) in preventing 
POPF. This theoretical contradiction pushed us to 
organise this trial to explore the impact of the level 
of pancreatic transection in clinical practice. We 
conduct this randomised trial with the hypothesis that 
extended pancreatic neck transection has superiority to 
conventional pancreatic neck transection.
Methods and analysis The LPDEXCEPT (Extended 
pancreatic neck transection versus conventional 
pancreatic neck transection during laparoscopic 
pancreaticoduodenectomy) trial is a multicentre, 
randomised- controlled, open- label, superiority trial 
in 4 centres whose annual surgical volume for LPD 
is more than 25 cases with pancreatic surgeons who 
had completed their learning curve. A total of 154 
patients who meet the inclusive and exclusive criteria 
are randomly allocated to the extended pancreatic 
neck transection group or conventional pancreatic neck 
transection group in a 1:1 ratio. The stratified randomised 
block design will be applied, with stratified factors are 
surgical centre and the diameter of the main pancreatic 
duct measured by preoperative CT scan (preMPD). The 
primary outcome is the incidence of the clinically relevant 
pancreatic fistula.
Ethics and dissemination Ethics Committee on 
Biomedical Research of West China Hospital of Sichuan 
University has approved this trial in March 2023 (approval 
no. 2023- 167). Results of this trial will be published in 
peer- reviewed journals and conference proceedings.
Trial registration number NCT05808894.

INTRODUCTION
Pancreaticoduodenectomy is the standard 
procedure for patients with malignant or 
benign tumours of the pancreatic head, 
the lower common bile duct and the peri-
ampullary area of the duodenum. Since 
Gagner and his colleagues performed 
and introduced the first total laparoscopic 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This study was designed as a multicentre, ran-
domised, controlled, open- label, superiority trial 
with two parallel groups, and had been registered 
internationally.

 ⇒ The patients in the study group obtain extended 
pancreatic neck transection during laparoscopic 
pancreaticoduodenectomy, transecting the pancre-
atic neck at more than 5 mm and less than 10 mm 
beyond the left side of the portal vein. And the pa-
tients in the control group obtain conventional pan-
creatic neck transection, transecting the pancreatic 
neck above the mesenteric- portal axis.

 ⇒ This study applied stratified randomised block de-
sign, whose stratified factors are surgical centre and 
the diameter of the main pancreatic duct measured 
by the preoperative abdominal CT scan. This will 
balance possible bias among research centres and 
pancreatic features.

 ⇒ The main limitation is that this study is carried out 
by a large team of researchers, including surgeons, 
radiologists, pathologists, data collectors and stat-
isticians. The coordination of this team is a big 
challenge.

 ⇒ LPDEXCEPT is an open- label trail; however, the pri-
mary and secondary outcomes are objective con-
ditions which cannot be influenced by researchers.
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pancreaticoduodenectomy (LPD) in 1994,1 LPD has 
become progressively acknowledged for its advantages 
such as less bleeding, less pain and faster recovery.2–4

Despite the advances in laparoscopic technology, 
postoperative pancreatic fistula (POPF) remains one of 
the most severe complications of LPD, which occurs in 
around 20% of patients.4 5 POPF is typically associated with 
secondary complications, such as post- pancreatectomy 
haemorrhage, intra- abdominal infection. These could 
lead to prolonged length of hospital stay, increased 
hospital cost and even death.6 7 Therefore, prevention 
of POPF has always been of high priority in pancreatic 
surgery.

Theoretically, the level of pancreatic transection can 
significantly affect the occurrence of POPF by influencing 
both the blood supply to the anastomosis and the loca-
tion of the main pancreatic duct in the pancreatic trans-
verse section, and maybe also the size of pancreatic duct. 
The head of the pancreas is supplied by the anterior and 
posterior pancreaticoduodenal arterial arcades which are 
formed by branches from the coeliac trunk and the supe-
rior mesenteric artery. The body and tail of the pancreas 
are supplied by branches from the splenic artery.8 And 
there is an intermediate zone lacking proper vascularisa-
tion in the neck of the pancreas, called ‘vascular water-
shed’.8 Therefore, the level of pancreatic neck transection 

might influence the pancreatic stump vascularisation. 
Strasberg et al have studied the impact of the defects of 
pancreatic stump vascularisation on POPF and showed 
there is a statistically significant correlation.9 10 The main 
pancreatic duct arises in the tail of the pancreas, and lies 
midway between the superior and inferior margins and 
slightly more posterior than anterior through the tail and 
body of the pancreas. Then, it turns caudad and poste-
rior on reaching the head of the pancreas.8 Therefore, 
the level of pancreatic neck transection could influence 
the location of the main pancreatic duct in the pancreatic 
transverse section. Several studies had revealed the asso-
ciation between the location of the pancreatic duct and 
POPF.11 12 And they found the risk of POPF was reduced 
when the centre of pancreatic duct is far from the edge of 
pancreas. And the more distally the surgeon transect the 
pancreas, the smaller pancreatic duct he (or she) would 
get. As the small size of the pancreatic duct is the major 
risk factor for POPF, transecting the pancreatic neck more 
distally maybe has disadvantages in preventing POPF.

Bardol et al conducted a retrospective cohort study and 
consolidated that long remnant pancreatic neck could 
be an independent risk factor for POPF after pancre-
aticoduodenectomy.13 However, to date, there exists no 
randomised trial dedicated to answering whether patients 
could benefit from extended pancreatic neck transection. 
The above theoretical contradiction pushed us to orga-
nise a trial to explore the impact of the level of pancre-
atic transection in clinical practice. Thus, we conduct 
this multicentre randomised trial, LPDEXCEPT, with the 
hypothesis that extended pancreatic neck transection has 
superiority to conventional pancreatic neck transection.

METHODS AND ANALYSIS
We wrote this protocol in line with the Standard Protocol 
Item Recommendation for Interventional Trials 2013 
guideline.14

Design
The LPDEXCEPT trial was designed as a multicentre, 
randomised, controlled, open- label, superiority trial with 
two parallel groups. The broad goal of this trial is to eval-
uate the superiority of extended pancreatic neck transec-
tion during LPD. The flow diagram for LPDEXCEPT was 
shown as figure 1.

Patients and public involvement
Neither patients nor the public are involved in design, 
recruitment or conduct of this study.

Study population
All patients with an indication for elective LPD will be 
evaluated. The reasons for laparoscopic approach is 
the only choice for this trial but not open or robotic 
are as follows: there are many aspects that differ 
between open and minimally invasive (laparoscopic 
and robotic) pancreaticoduodenectomy, including 

Figure 1 Flow diagram for LPDEXCEPT.
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some of the postoperative complications, duration of 
surgery, intraoperative bleeding, length of hospitalisa-
tion and so on.15–18 And it is still up for debate to choose 
the approach. Studies would inevitably introduce addi-
tional confounding factors once multiple approaches 
are included. The process of study design and study 
implementation would also become more complex to 
eliminate the bias introduced by these confounding 
factors. In order to control for these biases more simply 
and to obtain more accurate and trustworthy results, 
also because laparoscopic surgery is practised more in 
our research team, we chose only laparoscopic surgery 
for this trial. The inclusion and exclusion criteria for 
patients are as follows:

Participants inclusion criteria
1. Patients with benign or resectable malignant tumours 

of the lower common bile duct, Vater ampulla, head or 
uncinate process of the pancreas.

2. 18 years old<age < 80 years old, no gender limit.
3. Patient is expected survival beyond 3 months.
4. No pregnancy or pregnancy plan within 3 months after 

surgery.
5. Nutrition risk score<3 according to the Nutritional 

Risk Screening for Inpatients 2002 standard score.19

6. No contraindication to surgery for anaesthetic evalu-
ation.

7. The subjects voluntarily joined the study and signed 
an informed consent form, with good compliance and 
cooperation with follow- up.

Participants exclusion criteria
1. Patients with borderline resectable and unresectable 

malignancies according to the National Comprehensive 
Cancer Network and the General Office of National 
Health Commission clinical practice guidelines.20 21

2. Patients undergoing neoadjuvant chemotherapy or ra-
diotherapy, because these patients routinely undergo 
open surgery in our research team.

3. Patients with tumours exceeding the level of the gas-
troduodenal artery as measured by preoperative radi-
ography.

4. Intraoperative exploration reveals tumour adhesions 
with portal vein- superior mesenteric vein, requiring 
revascularisation and reconstruction.

5. Operation transfers to open.
6. Operation transfers to other procedure.
7. The duct- to- mucosa pancreaticojejunostomy is not 

performed due to the main pancreatic duct cannot be 
found intraoperatively.

Interventions
Study group: extended transection group
The patients in extended transection group obtain 
extended pancreatic neck transection during LPD. 
Surgeons will transect the pancreatic neck at more than 
5 mm and less than 10 mm beyond the left side of the 
portal vein.

Control group: conventional transection group
The patients in conventional transection group obtain 
conventional pancreatic neck transection during LPD. 
Surgeons will transect the pancreatic neck above the 
mesenteric–portal axis.

Figure 2 illustrates the level of the pancreatic neck tran-
section of the two groups.

Outcomes
Primary outcome measures
The primary outcome is the incidence of the CR- POPF 
according to the International Study Group of Pancreatic 
Surgery’s (ISGPS) definition and grading.22

Secondary outcome measures
The secondary objective of this trial is to compare the 
incidence of postoperative morbidity (Clavien- Dindo 
score≥3), the location of pancreatic duct, the surgical 
performance of pancreatojejunostomy and the short- 
term and long- term pancreatic endocrine and exocrine 
function between the two groups. Thus, the secondary 
outcomes include the location of the pancreatic duct in 
the pancreatic transverse section, the duration of pancre-
aticojejunostomy, postoperative morbidity, mortality 
within 3 months postoperatively, and the pancreatic 
endocrine and exocrine function of the participants at 
the third month postoperatively and at the first year post-
operatively. The location of the pancreatic duct in the 
pancreatic transverse section will be measured by the way 
described as following: before performing the pancreati-
cojejunostomy, place the pancreatic transverse section in 
the central position of the lens. Measure the anterior–
posterior diameter of the pancreas and the distance of 
the pancreatic duct from the back of the pancreas. The 
location of the pancreatic duct in the pancreatic trans-
verse section is equal to the ratio of the distance of the 

Figure 2 The level of the pancreatic neck transection of the 
two groups. The green- dotted line illustrates the level of the 
pancreatic neck transection. (A) The level of the pancreatic 
neck transection of conventional transection group, in 
which surgeons will transect the pancreatic neck above the 
mesenteric–portal axis. (B) The level of the pancreatic neck 
transection of extended transection group, in which surgeons 
will transect the pancreatic neck at more than 5 mm and less 
than 10 mm beyond the left side of the mesenteric–portal 
axis.
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pancreatic duct from the back of the pancreas to the 
anterior–posterior diameter of the pancreas. Postopera-
tive morbidity will be classified according to the Clavien- 
Dindo score.23 For endocrine function, we detect diabetes 
mellitus development, and the diagnosis and classification 
of diabetes mellitus are according to the international 
criteria of diabetes.24 For pancreatic exocrine function, 
we defined pancreatic exocrine insufficiency as that stool 
evacuation was >3 times/day, and pasty or greasy stool was 
noted, associated with patient’s weight loss, and there was 
a need for enzyme supplementation resulting in recovery 
of bowel movements and cessation of steatorrhoea,25 
considering that not all research centres can measure 
faecal elastase, N- benzol- L- tyrosyl- p- aminobenzoic acid, 
or faecal chymotrypsin.

Participating surgeons and hospital criteria
The trials will be conducted in tertiary care hospitals and 
academic hospitals. Participating hospitals must be high- 
volume medical centre whose annual surgical volume for 
LPD is more than 25 cases, according to the consensus on 
LPD.26 Participating surgeons must have completed their 
learning curve for LPD. We defined that a surgeon who 
had performed more than 104 cases of LPD is considered 
to have passed the learning curve, according to the study 
about practice patterns of LPD conducted by Wang et al.27

Surgical technique details
All study centres will perform the LPD using the opti-
misation of operative procedure. The specific operating 
procedures and details are reported in our previous arti-
cles.28 In this study, the surgical operation required atten-
tion to the following operational details: first, mark the 
level of the transection on the surface of the pancreas 
according to the group of participants before transecting 
the pancreatic neck, and after dissecting the upper and 
lower margins of the pancreas and revealing the superior 
mesenteric vein and portal vein. The level of transection 
in extended transection group is at more than 5 mm and 
less than 10 mm beyond the left side of the portal vein, 
while it in the conventional transection group is at the 
mesenteric–portal axis. Second, make sure not to pull 
on the pancreas and surrounding tissue, and make sure 
the pancreas is in situ when marking. Third, mark the 
pancreas from the superior margin to the inferior margin 
completely with an electrocoagulation hook, and transect 
the pancreas along the mark to prevent deviation.

Sample size
The sample size was determined based on the primary 
objective of comparing the incidence of CR- POPF 
between the two groups. According to the retrospective 
study,13 extended pancreatic neck transection (≥+7 mm) 
was associated with a lower incidence of CR- POPF than 
conventional pancreatic neck transection (15.4% vs 
33.3%). Considering this study is a superiority trial, using 
the one- sided test with 80% power (1–β) at a signifi-
cance level of 5% (α), the minimal sample size needed 

to detect a significant difference is calculated to be 70 
patients in each group. Considering the loss of follow- up 
and washout, we enlarged the sample size by 10%. Then, 
there are 77 patients in each group, and the final sample 
size is 154 patients.

Participant timeline
The trial time schedule of enrolment is estimated to be 
a 3- year period, followed by a 1- year follow- up visit after 
discharge from the hospital. Once the eligibility of the 
patients is confirmed, randomisation will be applied. The 
intervention will be applied intraoperatively. The assess-
ment and visits for patients will be mandatory in the first 
month, third month, and first year with either telephone 
or in- hospital follow- up. The participant timeline was 
shown in the table 1.

Recruitment
The recruiters in each centre will screen eligible patients 
through the outpatient department or inpatient depart-
ment. The duration of the recruitment period is esti-
mated to be a 36- month interval depending on each 
centre’s recruiting rate. No financial incentives will be 
provided to trial investigators or patients for enrolment 
in the recruitment period.

Randomisation and allocation
Stratified randomised block design with a block number 
of four will be applied. The stratified factors are surgical 
centre and the diameter of the main pancreatic duct 
measured by the preoperative abdominal CT scan 
(preMPD). Due to pancreatic duct diameter is the main 
risk factor for pancreatic fistula,29 we included pancreatic 
duct diameter as a stratification factor. Also, because of 
the differences in healthcare delivery and quality, the 
study centre was included as another stratification factor, 
which could allow extrapolability of the study results to 
other hospitals. According to classification made by the 
ISGPS,29 the patients will be stratified into preMPD≤3 mm 
and preMPD ＞3 mm. Although pancreatic texture is 
also another major risk factor for pancreatic fistula, this 
study did not set it as a stratified factor for the following 
reasons: first, although there have been a few studies that 
have attempted to use CT values to represent pancreatic 
texture, there is a lack of a more recognised method to 
accurately assess pancreatic texture preoperatively.30 31 
Second, pancreatic texture is not only determined by the 
type of pathologic diagnosis, but is also influenced by the 
site of the tumour, size of the tumour and so on. Besides, 
it is also difficult to accurately determine the pathologic 
diagnosis preoperatively, especially to differentiate the CT 
manifestations of chronic mass pancreatitis and pancre-
atic adenocarcinoma, both of whose pancreatic texture is 
firm. Third, too many stratification factors can add to the 
difficulties in the implementation of the study. Thus, we 
did not consider the pancreatic texture or pathological 
diagnosis as the stratification factor.
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A data manager generated the randomisation lists by 
computer system. The randomisation lists will not be 
available to surgeons, recruiters and data collectors. And 
the randomisation lists will be embedded in a password- 
protected mobile application which was created to collect 
and manage data by our study team. The randomisation 
will be centralised through the mobile application. Allo-
cation of each patient will be announced to the surgeon 
by the mobile application only after the assessment of 
baseline information of the patients and the upload of 
the signed informed consent.

Blinding
The patients, surgeons, data collectors, outcome asses-
sors and data analysts are unblinded. The primary 
outcome of this study is the incidence of CR- POPF. 
The definition and the criteria of CR- POPF are objec-
tive condition and would not be influenced by the 
patients and surgeons even if they are unblinded. And 
the data collectors, outcomes assessors and the data 
analysts are not involved in perioperative management 
of the patients. Thus, they have no determination of the 
CR- POPF.

Data collection and management
Baseline characteristics will be recorded before rando-
misation. Intraoperative information, histopathological 
information, primary outcome and secondary outcomes 
will be collected after randomisation from hospitalisa-
tion up to 1 year postoperatively. The detailed data list 
was shown in the table 1.

We have created a special mobile application to 
collect and manage study data. The mobile applica-
tion and database are password protected. The inves-
tigators and data collectors are to be qualified to the 
access the mobile application and the database. Data 
collection will be completed in accordance with stan-
dard specification processes. The investigators and 
data collectors enter the original data into the mobile 
application.

Data monitoring
Data Monitoring Committee (DMC) has been estab-
lished. It is not competing interests. Through the 
combination of our internet- based and instantaneous 
mobile application, the DMC will conduct data moni-
toring to ensure that the reported clinical study data 
are accurate, complete and verifiable from source docu-
ments throughout the whole trial.

Table 1 Participant timeline and data collection for LPDEXCEPT

Study period

Time point
Items Preoperative 

eligibility 
assessment Allocation Intraoperatively

Before discharge 
postoperatively

Follow- up Close- out

First month 
postoperatively

1st month 
postoperatively

3rd month 
postoperatively

1st year 
postoperatively

Patient demographics ✓

Informed consent ✓

Blood routine ✓ ✓

Coagulation routine ✓

Blood biochemistry ✓ ✓

Enhanced CT scan ✓ ✓

Allocation record ✓

Surgical videos ✓

Surgical record ✓

Postoperative records ✓ ✓ ✓
✓

Histopathological 
findings

✓ ✓

Other therapy (if 
necessary)

✓ ✓ ✓
✓

Patient demographics includes date of admission, year of birth, sex, body mass index, previous surgical history, preoperative biliary drainage, Nutrition risk score, 
WHO- ECOG score, location of the tumour, diameter of the tumour, diameter of the main pancreatic duct, history of neoadjuvant therapy, and pancreatic thickness. 
Surgical record includes date of operation, ASA scores, location of the pancreatic neck transection (extended or conventional pancreatic neck transection), 
pancreatic texture, diameter of the main pancreatic duct, duration of pancreaticojejunostomy anastomosis, duration of the operation, estimated blood loss, 
whether to convert to open surgery or other procedures, whether to preserve the pylorus, whether to resect and reconstruct the main veins and variation of vessels. 
Postoperative records include blood transfusion, date of soft solid diet, date of drain removal, date of nasogastric tube removal, drain and production amylase, date 
of discharge, type of complication, reoperation and Clavien- Dindo grade, cost for hospitalisation, and short- term and long- term pancreatic exocrine and endocrine 
function. Histopathological findings include location of the tumour, size of the tumour, histological type, surgical margin status and the T&N classification and 
American Joint Committee on Cancer staging for malignant tumours. Other therapy includes readmission, treatment for any surgical complications, adjuvant therapy 
for malignant tumours and the cost for readmission.
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An interim analysis is performed on the primary 
endpoint when 50% of patients have been randomised 
and have completed the 3 months follow- up. The interim 
analysis is performed by an independent statistician. 
The statistician will report to the Ethics Committee on 
Biomedical Research of West China Hospital of Sichuan 
University. The ethics committee decides on the contin-
uation of the trial.

Harms
An adverse event will be defined as any untoward medical 
occurrence in a subject without regard to the possibility of 
a causal relationship. All adverse events will be collected 
and recorded in detail according to the Common Termi-
nology Criteria for Adverse Events (V.4.0) after the 
subject has provided consent and enrolled in the study. 
And the data will be collected by the Ethics Committee on 
Biomedical Research of West China Hospital of Sichuan 
University and the  ClinicalTrials. gov Protocol Registra-
tion and Results System.

Protocol amendments
Any modifications to the protocol which may impact on 
the conduct of the study, potential benefit of the patient 
or may affect patient safety, including changes of study 
objectives, study design, patient population, sample sizes, 
study procedures, or significant administrative aspects 
will require a formal amendment to the protocol. Such 
amendment will be agreed on by the Ethics Committee on 
Biomedical Research of West China Hospital of Sichuan 
University. And the health authorities will be notified in 
accordance with local regulations.

Auditing
Auditing will be performed per year, at 50% of the inclu-
sions, and at the end of the study by the Ethics Committee 
on Biomedical Research of West China Hospital of 
Sichuan University. The auditing will be independent 
from investigators.

Confidentiality
All study- related information will be stored securely at the 
study site. All participant information will be stored in 
locked file cabinets in areas with limited access. All data-
bases will be secured with the password- protected data 
collection system.

Access to data
All participating investigators will be able to access the 
data of the registry, perform statistical analysis, discuss 
the results, and write the scientific manuscripts. Project 
principal investigators will have direct access to their own 
site’s data sets, and will have access to other sites data by 
request. Data dispersed to project team members will be 
blinded of any identifying participant information.

Statistical methods
Statistical analysis will be performed using IBM SPSS 
statistics V.25.0 (SPSS) and the R programme V.4.2.1 

(R Foundation for Statistical Computing Platform). 
For continuous variables following a normal distribu-
tion, results were reported as the mean±SD for the 
data; otherwise, the median with IQR was reported. 
Categorical variables were reported as frequency and 
percentage. The two- side p value<0.05 was considered 
statistically significant. The χ2 test or Fisher’s exact test 
will be used to compare the categorical data between 
the study group and the control group as appropriate. 
The independent sample t test will be used to compare 
the continuous variables following a normal distribu-
tion between the two groups. And the continuous non- 
normally distributed variables will be compared using 
the Mann- Whitney U test. A logistic regression analysis 
will be performed to investigate predictors of CR- POPF. 
All variables with a p value＜0.1 in a univariable anal-
ysis are included in the multivariable logistic regression 
analysis.

Bias due to missing data will be investigated by 
comparing the baseline characteristics of partici-
pants with and without missing values. Analysis in all 
randomly assigned patients (intention- to- treat analysis) 
will be conducted as sensitivity analyses. In addition, 
multiple imputations will be used to impute missing 
data, and the imputed data will also be analysed as part 
of the sensitivity analyses. The primary and secondary 
outcomes will also be analysed in all eligible patients 
who began the protocol treatment (per- protocol popu-
lation), excluding ineligible patients and those not 
receiving the allocated treatment from all randomly 
assigned patients.

Ethics and dissemination
The ethics approval of the trial has been obtained from 
the Ethics Committee on Biomedical Research of West 
China Hospital of Sichuan University in March 2023 
(approval no. 2023- 167). The ethics Committee of 
each participating centres had accepted the decision of 
ethical review of the Ethics Committee on Biomedical 
Research of West China Hospital of Sichuan Univer-
sity. The English and Chinese versions of the informed 
consent materials were shown in online supplemental 
appendix 1. Trained research surgeons will introduce 
the trial to patients who have the indication for LPD. 
Patients will then be able to have an informed discussion 
with the participating consultant. Research surgeons 
will obtain written consent from patients willing to 
participate in the trial before entering the study.

The result of this study will be reported according to 
the CONSORT2010 guidelines.32 Any study results will 
be published in peer- reviewed journals and conference 
proceedings. The results will be released to the partici-
pating physicians, referring physicians, patients and the 
general medical community.
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