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ABSTRACT
Introduction Postoperative pancreatic fistula (POPF) 
remains one of the main complications following 
pancreatic resection. Despite pancreatic fistula having 
a low postoperative mortality rate, the readmission 
and intervention rates in patients with pancreatic 
fistula are still considerable. Although there are 
several studies on pancreatic fistula development after 
pancreaticoduodenectomy, there are only a few studies on 
the feeding protocols applied after distal pancreatectomy 
or enucleation of pancreatic tumours. We designed this 
trial to test the hypothesis that early feeding does not 
increase the incidence of POPF and positively influences 
the long- term prognosis in patients who undergo distal 
pancreatectomy or enucleation of pancreatic tumours.
Methods and analysis This is a prospective randomised 
controlled trial that will be conducted in a single centre. 
A total of 106 patients undergoing distal pancreatectomy 
or enucleation of pancreatic tumours will be recruited 
after providing informed consent. They will be randomly 
assigned to either an early or late feeding group. The early 
feeding group will begin enteral nutrition on postoperative 
day (POD) 3, and the late feeding group will begin enteral 
nutrition on POD7. The primary outcome is the incidence 
of POPF. The secondary outcomes include the length of 
postoperative hospital stay, postoperative complications, 
and indicators of long- term prognosis.
Ethics and dissemination Peking University Third 
Hospital Medical Science Research Ethics Committee 
approved the study (M2021395). Findings will be 
disseminated in a peer- reviewed journal and in national 
and/or international meetings to guide future practice.
Trial registration number ChiCTR2100053978.

INTRODUCTION
Postoperative pancreatic fistula (POPF) is 
one of the most common complications 
after pancreatic surgery. The International 
Study Group of Pancreatic Surgery (ISGPS) 
classified POPF into three risk levels in 
2005.1 In 2016, International Study Group of 

Pancreatic Fistula (ISGPF) revised the orig-
inal classification definition of pancreatic 
fistula, renamed grade A pancreatic fistula as 
biochemical fistula, and no longer including 
it in the pancreatic fistula definition.2 The 
definition of grade C pancreatic fistula is 
stricter. POPF increases the risk of other post-
operative complications, such as bleeding, 
multiple organ failure and even death.3–5

Distal pancreatectomy and enucleation of 
pancreatic tumours are the standard treat-
ment for pancreatic body and tail tumours. 
Compared with pancreatoduodenectomy, 
distal pancreatectomy and enucleation of 
pancreatic tumours are less difficult, but a 
considerable number of patients still expe-
rience pancreatic fistula due to their physi-
ological characteristics and the anatomical 
characteristics of the pancreas.6 According 
to the ISGPS Evidence Map of Pancre-
atic Surgery, the incidence of pancreatic 
fistula remains at 5%–60%.7 Despite the low 
mortality caused by pancreatic fistula, there 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This study will be the first randomised controlled tri-
al to compare the two feeding regimens after distal 
pancreatectomy and enucleation of pancreatic tu-
mours since International Study Group of Pancreatic 
Surgery redefined and updated the classification of 
pancreatic fistula in 2016.

 ⇒ Due to practical reasons, the patients and the cli-
nicians administering the treatment in the study 
cannot be blinded to the assignment of the groups, 
although the principal investigator and clinicians 
conducting the follow- up evaluation are blinded.

 ⇒ The study includes patients with different pancreatic 
tumour diagnoses and prognoses, which may be too 
broad a choice.
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are still a considerable percentage of patients who require 
readmission and percutaneous drainage.8–10

The prevention of pancreatic fistula after distal 
pancreatectomy and enucleation of pancreatic tumours 
is still being debated with respect to intraoperative 
procedures, early postoperative nutritional support, the 
timing of drainage tube removal and the use of soma-
tostatin analogues. Since fasting is an essential condi-
tion for inhibiting pancreatic secretion in patients with 
POPF, the necessity of ‘nil per os’ has been emphasised 
in the past.1 However, long- term intravenous nutri-
tion can cause dysbiosis and lead to metabolic adverse 
events.11 It has been confirmed that enteral nutrition 
helps maintain gastrointestinal integrity and immune 
capacity.12 13 Recently, the American Gastroentero-
logical Association (AGA) updated clinical practice 
guidelines for patients with pancreatic necrosis, and 
this expert review recommended that enteral feeding 
should be initiated early to decrease the risk of infected 
necrosis. In patients without nausea, vomiting and no 
signs of severe ileus, a trial of oral nutrition should be 
recommended immediately.14

In recent years, the increased application of enhanced 
recovery after surgery (ERAS) has led to an increasing 
number of studies reporting that ERAS does not 
increase the incidence of POPF or other complications 
but can significantly shorten the length of postoperative 
hospital stay and accelerate the recovery of patients.15 16 
However, most previous studies have focused on pancre-
aticoduodenectomy17–21 and only a small number of 
researches studies have focused on distal pancreatec-
tomy.6 22 23 Pecorelli et al performed an observational 
case–control study to assess the feasibility and safety of 
ERAS programmes for laparoscopic distal pancreatec-
tomy and to compare its financial impact compared 
with that of traditional management.16 However, the key 
elements of ERAS programmes include early enteral 
nutrition and other perioperative care. It is impossible 
to directly prove whether early enteral nutrition plays 
a significant role in accelerating recovery in these 
patients. In the study by Fujii et al, patients who devel-
oped POPF after distal pancreatectomy were randomly 
assigned to the dietary intake group or the no dietary 
intake group, and each group consisted of 15 patients.24 
Patients in the no dietary intake group fasted until drain 
removal. In the dietary intake group, food intake was 
started on postoperative day (POD) 6. The final results 
showed that no significant differences were found in the 
length of drain placement, incidence of POPF- related 
intra- abdominal haemorrhage, other complications or 
the length of postoperative hospital stay between the 
two groups.

Therefore, evidence regarding whether early enteral 
nutrition can be tolerated in patients undergoing distal 
pancreatectomy or enucleation of pancreatic tumours 
remains to be further explored in large randomised 
controlled trials.

MATERIALS AND METHODS
Study design and setting
This prospective randomised controlled trial is conducted 
at the Department of General Surgery, Peking Univer-
sity Third Hospital, Beijing, China. The Department of 
General Surgery offers conventional treatment and care 
to adult patients with liver, pancreas, biliary tract, gastro-
intestinal, thyroid and breast diseases. One hundred and 
fifty pancreatectomies are performed in the department 
each year. This study starts on 1 December 2021, and 106 
patients are expected to be enrolled by 1 June 2023.

Sample size estimation
In this study, POPF is the main observation index. Consid-
ering that this is a superiority trial, we can assume that 
the incidence of POPF in the early feeding group will be 
lower than that in the late feeding group according to 
the previous literature.6 The sample size was calculated 
by PASS software. The incidence of POPF in the early 
feeding group and the late feeding group was 6.8% and 
26.3%, respectively. With a type I error (α=0.05) and 
type II error (β=0.2), considering a dropout of 20%, 53 
patients will be included in each group. Taken together, 
we will recruit a total of 106 patients for this trial.

Randomisation
Randomisation will be performed by the principal inves-
tigator after distal pancreatectomy and enucleation of 
pancreatic tumour. The principal investigator uses a 
random number generator to generate a randomisation 
scheme. After randomisation, the resident in charge of 
the patient, who does not participate in data collection 
or analysis, will be informed about the allocation results 
by email. According to the predetermined randomisation 
scheme, eligible patients are immediately allocated to 
either the early feeding group or the late feeding group 
after surgery at a ratio of 1:1.

Blinding
Blinding of study contributors is an effective measure to 
reduce bias.25 Because of the nature of the intervention, 
neither patients nor the surgeon in charge of the patient 
can be blinded to the allocation. The principal investi-
gator and outcome assessors conducting the follow- up 
evaluation are not involved in the treatment of the 
patients and are blinded to the allocation. Data collectors 
and analysts will also be blinded to the allocation.

Selection of subjects
Inclusion criteria: (1) patients undergoing open or mini-
mally invasive distal pancreatectomy and splenectomy, 
spleen- preserving distal pancreatectomy or enucleation 
of pancreatic tumour between 1 December 2021 and 1 
June 2023; (2) patients with a clear preoperative diag-
nosis and undergoing a feasible surgical treatment; (3) 
patients with no absolute surgical contraindications and 
(4) patients who are informed about the risks and bene-
fits of surgery and sign the informed consent form.
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Exclusion criteria: (1) patients who cannot tolerate 
surgery, such as those with a history of cardiac infarction 
in the past 6 months, cerebral infarction, severe liver, 
kidney or cardiopulmonary insufficiency; (2) patients or 
their authorised surrogates who exhibit poor compliance; 
(3) patients undergoing combined gastrointestinal resec-
tion and (4) patients being enrolled in another trial.

Patient and public involvement
Patients were not directly involved in the design or imple-
mentation of this research. Once the trial is published, 
the results will be shared with the involved patients in the 
form of a newsletter through email. Reports will be made 
available to interested participants in a seminar in which 
researchers will describe individual findings.

Treatment procedures
After obtaining written informed consent (model consent 
form provided in online supplemental file), randomi-
sation will be carried out as described above. For each 
included patient, the following baseline characteristics 
will be collected: age, sex, height, weight, complications, 
preoperative laboratory or imaging examinations and 
American Society of Anesthesiologists (ASA) classifica-
tion (I–IV). Type of surgery (distal pancreatectomy and 
splenectomy, spleen- preserving distal pancreatectomy 
and enucleation of pancreatic tumours), type of surgical 
intervention (robot- assisted, laparoscopic and open), 
operative time, intraoperative blood loss, tumour localisa-
tion, tumour size, pancreas texture, pancreatic thickness 
and diameter of the pancreatic duct, tumour type and 
pathological staging will also be recorded. All patients 
included in the study will receive routine treatment regi-
mens perioperatively, including inhibition of pancreatic 
secretion, acid inhibition, perioperative antibiotics, fluid 
therapy and nutritional support during water depriva-
tion and fasting. Patients in the early feeding group will 
start enteral nutrition, which includes oral feeding and 
nasogastric or nasojejunal feeding, on POD3 and patients 
in the late feeding group will begin enteral nutrition on 
POD7. The patient’s body temperature, visual analogue 
scale score, ambulation, flatus and defecation and dietary 
status will be recorded daily. The patient’s nutritional 
status (Body Mass Index/Prognostic Nutritional Index) is 
regularly monitored. The routine postoperative examina-
tion is arranged as follows: haemoglobin concentration, 
white cell counts, serum amylase levels, amylase levels in 
drainage fluid, etc and other laboratory or imaging exam-
inations may be performed according to the needs of the 
disease to assist in evaluating the position of the drainage 
tube.

Discharge criteria: no fever, abdominal pain and disten-
sion; no need for surgery- related perioperative treat-
ment; the patient can tolerate the solid food and move 
normally; no signs of infection and independently mobile 
in the preoperative setting. The wound is not suppurative, 
infected or dehisced. Patients may be discharged with or 
without the abdominal drainage tube.

Follow- up on complications, survival and quality of life 
will be performed through outpatient visits, telephone 
calls and other means every 3 months for the first year 
and then every 6 months. All patients will be followed up 
for 3 years or until recurrence, metastasis, or death. The 
study pathway is illustrated in figure 1.

Outcome measures
The primary outcome measures
The primary endpoint is POPF. According to the defi-
nition proposed by ISGPS in 2017,1 POPF is defined as 
three times higher than the upper limit of serum amylase 
in the drainage fluid on or after POD3, indicating a clin-
ically relevant development or condition directly related 
to it. The triple value of the upper limit is 330 U/L. POPF 
is including grade B and grade C POPF. Grade B: contin-
uous drainage for more than 3 weeks, positive findings 
on abdominal ultrasonography or CT, complicated by 
therapeutic agents and needing less- invasive treatment 
including percutaneous, endoscopic or angiographic 
interventional procedures; grade C: reoperation is 
needed or organ failure, sepsis or death occurs.

The secondary outcome measures
The secondary outcomes include peripancreatic effu-
sion, pancreatic pseudocyst, postpancreatectomy haem-
orrhage, abdominal abscess, disease- free survival (DFS), 
progression- free survival, hospitalisation cost and length 
of postoperative hospital stay.

Data collection and management
The investigators will study the instructions for data 
collection before the trial starts. All data collected will be 
stored in an electronic case report form. Original medical 
records are collected and cannot be changed by anyone. 
The original records should not show any correction and 
can only be accompanied by an explanation, date and 
physician signature.

Data analysis
Analyses were performed according to intention to treat, 
meaning that there were no crossovers between groups. 
IBM SPSS Statistics V.24.0 (IBM, Chicago, Illinois, USA) 
will be used as statistical software. Participants with 
missing primary or secondary outcome data are excluded. 
Continuous variables will be expressed as the mean±SD, 
and comparisons between groups will be performed by 
Student’s t- test or Mann- Whitney U test. Categorical vari-
ables will be expressed as rates and percentages, and χ2 
test will be used for comparisons between groups. Multi-
variate logistic regression analysis was applied to identify 
independent risk factors for POPF. Kaplan- Meier survival 
curve will be adopted to analyse the distribution of DFS 
and overall survival, and a log- rank test will be used to 
compare the significance of survival between subgroups. 
Multivariate Cox regression analysis was adopted to select 
independent prognostic factors. Linear correlation anal-
ysis will be used to test the correlation between variables. 

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 9, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
10 A

u
g

u
st 2023. 

10.1136/b
m

jo
p

en
-2022-068469 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

https://dx.doi.org/10.1136/bmjopen-2022-068469
http://bmjopen.bmj.com/


4 Yuan J, Xiu D. BMJ Open 2023;13:e068469. doi:10.1136/bmjopen-2022-068469

Open access 

P values less than 0.05 will be considered statistically 
significant.

DISCUSSION
Pancreatic fistula is a common complication developing 
after pancreatic surgery, which can increase the risk of 
other postoperative complications and even lead to death. 
Previous studies have shown that early enteral nutrition 
does not aggravate POPF or prolong drain placement 
or hospital stay in patients with POPF after pancreatec-
tomy.21 24 26 Our centre is relatively conservative in terms 
of return to diet and drainage tube removal time. In our 
centre, all patients usually start enteral nutrition on POD6. 
The abdominal drainage tube is typically placed for 2–3 
weeks postoperatively based on the amount of postop-
erative drainage fluid and amylase level in the drainage 
fluid. Although prolonged placement of an abdominal 
drainage tube may increase the incidence of POPF, espe-
cially the grade B POPF, we prefer to retain abdominal 
drainage tubes for 1 month postoperatively. This may 
be the reason for the low incidence of repuncture and 
drainage for a pancreatic fistula and the low readmission 
rate in our centre.27 However, the long fasting time may 
prolong the length of hospital stay and delay the recovery 
of postoperative gastrointestinal function.

This prospective randomised controlled trial will 
compare patients who start enteral nutrition on POD3 
with patients who start on POD7 in terms of length of 
hospital stay, incidences of POPF and postoperative 

complications and long- term prognosis to further eval-
uate the feasibility and safety of early enteral nutrition. 
Different methods of enteral nutrition and surgical 
intervention may have an impact on POPF. If possible, 
stratified analysis will be adopted. Of course, since there 
are only 53 patients in each group, we speculate that the 
results may have insufficient power for detecting a signif-
icant difference in the incidence of POPF between the 
groups. However, if the length of postoperative hospital 
stay in this group is shorter, or the hospitalisation cost is 
relatively lower without increasing the incidence of POPF, 
it will also be a meaningful discovery.

Patient and public involvement
Patients and/or the public were involved in the design, 
or conduct, or reporting or dissemination plans of this 
research. Refer to the Methods section for further details.

Trial status
The first patient was enrolled in this study on 7 December 
2021, with 85 subjects having been recruited at the time 
of the final revision of this manuscript.

ETHICS AND DISSEMINATION
Since the two enteral nutrition methods in this project 
are routinely performed in clinical practice, participa-
tion in this project will not increase the risk to patient 
safety. Patients need to attend the outpatient clinic for 
follow- up and undergo some necessary examinations 

Figure 1 Flow chart of study pathway. POD, postoperative day.
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after hospital discharge. All patients’ data will be kept 
confidential and not disclosed. The patient’s information 
will be represented by a unique number, and the coded 
information will be properly stored in the centre. When 
the research information and data obtained from this 
study are published in scientific conferences or scientific 
journals, the identity of patients will not be disclosed. It is 
essential to obtain the signature of the informed consent, 
which must be signed by both the researcher and the 
participant, who will receive a copy. This study has been 
approved by Peking University Third Hospital Medical 
Science Research Ethics Committee (M2021395).

The study website (www.chictr.org.cn) contains all 
up- to- date information regarding the trial. Final trial 
results, whether positive, negative or inconclusive, will 
be published in a peer- reviewed journal. Furthermore, 
the results will be presented at appropriate national and 
international conferences.
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