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Abstract
Objective: To investigate the safety and efficacy of the Enhanced Recovery After
Surgery (ERAS) protocol in perioperative management of pancreaticoduodenec-
tomy. Methods: Patients undergoing pancreaticoduodenectomy in the Depart-
ment of General Surgery at Peking Union Medical College Hospital between
April 2016 and April 2018 were retrospectively analyzed. Sixty-three patients
who met the inclusion and exclusion criteria were enrolled in the ERAS group,
while 60 patients who underwent conventional pancreaticoduodenectomy during
the same period served as the control group. Intraoperative and postoperative
parameters, complication rates, and clinical outcomes were compared between
the two groups. Results: Baseline characteristics were comparable between the
ERAS and control groups with no statistically significant differences. The ERAS
group predominantly underwent laparoscopic surgery, whereas the control group
had a higher proportion of open procedures (P<0.01). Although operative time
was longer in the ERAS group (P<0.01), intraoperative blood loss was signif-
icantly reduced (P<0.01). The ERAS group demonstrated earlier nasogastric
tube removal (P=0.012) and earlier resumption of liquid diet (P=0.015), shorter
hospital stay (P=0.024), and lower hospitalization costs (P=0.018). The inci-
dence of delayed gastric emptying was significantly lower in the ERAS group
(3.2%) compared with the control group (13.3%) (P=0.039). No statistically
significant differences were observed between the groups in total complication
rate, pancreatic fistula, biliary fistula, postoperative hemorrhage, infection, read-
mission, reoperation rates, or mortality. Within the ERAS group, the laparo-
scopic subgroup exhibited significantly lower intraoperative blood loss (P<0.01),
shorter postoperative hospital stay (P=0.016), and reduced hospitalization costs
(P=0.021) compared with the open surgery subgroup. Conclusion: Pancreatico-
duodenectomy performed under the ERAS protocol is safe and effective, accel-
erates patient recovery, and does not increase the risk of complications.
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Abstract

Objective: To explore the safety and effectiveness of Enhanced Recovery After
Surgery (ERAS) protocols in the perioperative management of pancreaticoduo-
denectomy.

Methods: A retrospective cohort study was conducted analyzing patients who
underwent pancreaticoduodenectomy at the Department of General Surgery,
Peking Union Medical College Hospital between April 2016 and April 2018.
Sixty-three patients meeting inclusion and exclusion criteria were enrolled in
the ERAS group, while 60 patients who underwent conventional pancreaticoduo-
denectomy during the same period served as the control group. Perioperative
parameters, postoperative complications, and clinical outcomes were compared
between the two groups.

Results: Baseline characteristics were comparable between the ERAS and con-
trol groups. The ERAS group predominantly underwent laparoscopic surgery,
whereas the control group mainly had open surgery (P<0.01). The ERAS
group had longer operation times (P<0.01) but significantly reduced intraop-
erative blood loss (P<0.01). Compared with the control group, the ERAS
group demonstrated earlier nasogastric tube removal, earlier postoperative fluid
intake, shorter postoperative hospital stays, and significantly lower hospitaliza-
tion expenses (all P<0.05). The incidence of delayed gastric emptying in the
ERAS group was significantly lower than in the control group (3.2% vs. 13.3%,
P<0.05). There were no significant differences between groups in the incidence
of total complications, pancreatic fistula, biliary fistula, postoperative hemor-
rhage, secondary hospital admission, secondary surgery, or mortality. Within
the ERAS group, the laparoscopic subgroup had significantly lower intraoper-
ative blood loss (P<0.01), shorter postoperative hospital stays (P<0.05), and
lower hospitalization expenses (P<0.05) compared with the open surgery sub-
group.

Conclusion: ERAS protocols are safe and effective for the perioperative man-
agement of pancreaticoduodenectomy, significantly accelerating patient recovery
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without increasing the risk of complications.
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1. Subjects and Methods
1.1 Study Subjects and Grouping

A retrospective cohort study was performed analyzing clinical data from pa-
tients who were admitted to the Department of General Surgery, Peking Union
Medical College Hospital between April 2016 and April 2018 for pancreatico-
duodenectomy and were discharged successfully. Patients meeting the following
inclusion and exclusion criteria were included: (1) aged 18-75 years; (2) pre-
operative contrast-enhanced CT indicating resectable or potentially resectable
disease without distant metastasis; (3) requirement for pancreaticoduodenec-
tomy due to benign or malignant pancreatic head tumors, duodenal tumors,
or malignant bile duct/ampullary tumors. Exclusion criteria included: (1) se-
vere liver disease, respiratory disease, or uncontrolled diabetes; (2) cases where
pancreaticoduodenectomy was not performed (exploratory surgery only or total
pancreatectomy). All procedures were performed by the same group of senior
pancreatic surgeons. Sixty-three patients meeting the criteria were enrolled in
the ERAS group, while 60 patients who underwent conventional clinical manage-
ment pathways during the same period served as the control group. The ERAS
group predominantly utilized minimally invasive techniques, including totally la-
paroscopic, laparoscopic-assisted, or laparoscopic-converted-to-open approaches
when technically difficult. The ERAS group was further divided into laparo-
scopic and open surgery subgroups for comparison.

1.2 Research Methods

This study was based on a multidisciplinary collaboration model, drawing on
domestic and international ERAS development experience and employing min-
imally invasive surgical techniques to explore the feasibility of ERAS proto-
cols in pancreatic surgery perioperative management. All patients and their
families were fully informed about treatment options and provided informed
consent. The study was approved by the Ethics Committee of Peking Union
Medical College Hospital, Chinese Academy of Medical Sciences (approval num-
ber: ZS-1089). The ERAS group received perioperative rapid recovery manage-
ment guided by ERAS principles, including preoperative nutritional assessment,
postoperative functional exercise, and early ambulation, tailored to individual
patient differences and clinical experience. The control group followed conven-
tional management protocols strictly implemented by the Department of Gen-
eral Surgery, Peking Union Medical College Hospital, including perioperative
nutritional support and fluid management.
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Comparison of perioperative clinical management pathways for pancreaticoduo-
denectomy between ERAS and control groups

1.3 Observation Indicators

The following indicators were compared and analyzed between the ERAS and
control groups: (1) surgical-related indicators including operation time, intra-
operative blood loss, and transfusion; (2) postoperative general conditions in-
cluding gastrointestinal function recovery, nasogastric tube removal time, first
postoperative ambulation time, resumption of fluid intake time, postoperative
hospital stay, and hospitalization expenses; (3) postoperative complications in-
cluding incidence and severity grading; and (4) readmission and mortality rates.
Pancreaticoduodenectomy has numerous and complex complications, including
pancreatic fistula, biliary fistula, postoperative hemorrhage, delayed gastric emp-
tying, wound infection, urinary tract infection, deep vein thrombosis, wound
dehiscence, liver abscess, and chylous fistula.

1.4 Statistical Analysis

SPSS 20.0 software was used for all statistical analyses. Measurement data were
expressed as mean ± standard deviation. Normality distribution was tested
using variance analysis. Normally distributed measurement data were analyzed
using t-tests, while count data were analyzed using Fisher’s exact test. P<0.05
was considered statistically significant.

2. Results
2.1 General Clinical Data of ERAS and Control Groups

Statistical analysis showed no significant differences between the ERAS and con-
trol groups in age, sex, body mass index (BMI), smoking history, diabetes his-
tory, jaundice history, neoadjuvant therapy, or pathological diagnosis (P>0.05),
indicating good baseline comparability .

2.2 Comparison of Intraoperative and Postoperative Conditions

There were significant differences in surgical approaches between the ERAS
and control groups. The ERAS group predominantly underwent laparoscopic
surgery, while the control group mainly had open surgery. The ERAS group had
longer operation times than the control group (P<0.01) but significantly less in-
traoperative blood loss (P<0.01). Postoperative nasogastric tube removal time
and resumption of fluid intake time were earlier in the ERAS group (P<0.05),
and postoperative hospital stay was significantly shorter (P<0.05). Hospitaliza-
tion expenses were also lower in the ERAS group (P<0.01) .
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2.3 Comparison of Postoperative Complications

The incidence of delayed gastric emptying in the ERAS group was significantly
lower than in the control group (3.2% vs. 13.3%, P=0.039). There were no
significant differences between groups in the incidence of total complications,
pancreatic fistula, biliary fistula, postoperative hemorrhage, secondary surgery,
or readmission. The total postoperative complication rate was 41.3% (26/63)
in the ERAS group and 48.3% (29/60) in the control group, with no statistical
difference. No deaths occurred in either group .

2.4 Comparison of Laparoscopic and Open Surgery Subgroups Within
the ERAS Group

ERAS group patients were divided into laparoscopic surgery (n=36) and open
surgery (n=27) subgroups. Baseline characteristics were comparable between
subgroups. The laparoscopic surgery group had significantly longer operation
times than the open surgery group (P<0.010), but there was no significant
difference in overall postoperative complication rates. The laparoscopic group
demonstrated significantly better outcomes in intraoperative blood loss, postop-
erative hospital stay, and hospitalization expenses (P<0.05) .

3. Discussion
The core of the ERAS concept lies in adopting perioperative optimization mea-
sures supported by evidence-based medicine. This concept overturns periopera-
tive management principles established for nearly a century, reducing surgical
trauma and stress responses, and shortening postoperative hospital stays. In
recent years, numerous large-scale pancreatic centers domestically and inter-
nationally have begun exploring ERAS protocols for pancreaticoduodenectomy.
Balzano et al. [11] analyzed postoperative recovery indicators in 2014 under
traditional management models, showing that ERAS protocols significantly re-
duced gastric emptying dysfunction (P=0.004). Williamson et al. [12] reported
in 2015 that ERAS programs reduced delayed gastric emptying after pancre-
aticoduodenectomy (13.9% vs. 24.6%, P=0.004) and shortened hospital stays
(13.9 days vs. 24.6 days, P=0.004). The Second Affiliated Hospital of Zhejiang
University conducted similar research, as did Shanghai Huashan Hospital and
Ruijin Hospital, all demonstrating that ERAS groups had superior outcomes
in nasogastric tube removal time, gastric emptying dysfunction, and hospital
stay compared with conventional groups [14-15]. Our results align with these
reports, showing ERAS group had earlier nasogastric tube removal, earlier fluid
intake resumption, and lower hospitalization expenses than the control group,
with delayed gastric emptying incidence also lower than the control group.

The causes of postoperative delayed gastric emptying remain controversial, possi-
bly related to duodenal ischemia or gastrointestinal reconstruction [16]. Fasting

chinarxiv.org/items/chinaxiv-201812.00014 Machine Translation

https://chinarxiv.org/items/chinaxiv-201812.00014


status impairs gastric motility, while fed states produce stronger gastrointestinal
contractions [17]. Early postoperative oral feeding can improve gastrointestinal
motility [18], and ERAS protocols advocate early nasogastric tube removal and
resumption of oral intake. Our study did not observe increased postoperative
pancreatic fistula due to early fluid intake, indicating that ERAS management
does not increase postoperative complication risk and may help reduce delayed
gastric emptying.

Compared with traditional surgery, minimally invasive surgery is an impor-
tant measure to reduce trauma and stress, significantly decreasing postoperative
stress responses, reducing intestinal paralysis and pulmonary dysfunction, lower-
ing cardiac burden, reducing postoperative complication rates, and shortening
hospital stays [19-20]. This study introduced the minimally invasive concept
into pancreatic surgery, with more laparoscopic cases in the ERAS group than
in the control group. Although the laparoscopic group had longer operation
times than the open group, there was no significant difference in overall postop-
erative complication rates, while postoperative hospital stay and hospitalization
expenses were superior in the laparoscopic group, demonstrating the advantages
of laparoscopic minimally invasive techniques.

The core of ERAS management protocols in pancreatic surgery has gained some
recognition for safety, but many specific implementation details remain question-
able. The ERAS guidelines [6] should be applied according to local conditions
and tailored to individual patients. There are significant disparities in medical
resources across regions in China, and different hospitals may have varying sur-
gical volumes and experience. Blindly pursuing rapid recovery may lead to sub-
stantial medical risks and violate the original concept. ERAS protocols should
be implemented progressively under conditions where technical capabilities and
overall medical strength permit, ensuring patients benefit fully.
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