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Abstract
Background  Delayed gastric emptying (DGE) commonly occurs after pancreaticoduodenectomy (PD). Risk factors 
for DGE have been reported in open PD but are rarely reported in laparoscopic PD (LPD). This study was designed to 
evaluate the perioperative risk factors for DGE and secondary DGE after LPD in a single center.

Methods  This retrospective cohort study included patients who underwent LPD between October 2014 and April 
2023. Demographic data, preoperative, intraoperative, and postoperative data were collected. The risk factors for DGE 
and secondary DGE were analyzed.

Results  A total of 827 consecutive patients underwent LPD. One hundred and forty-two patients (17.2%) developed 
DGE of any type. Sixty-five patients (7.9%) had type A, 62 (7.5%) had type B, and the remaining 15 (1.8%) had type C 
DGE. Preoperative biliary drainage (p = 0.032), blood loss (p = 0.014), and 90-day any major complication with Dindo-
Clavien score ≥ III (p < 0.001) were independent significant risk factors for DGE. Seventy-six (53.5%) patients were 
diagnosed with primary DGE, whereas 66 (46.5%) patients had DGE secondary to concomitant complications. Higher 
body mass index, soft pancreatic texture, and perioperative transfusion were independent risk factors for secondary 
DGE. Hospital stay and drainage tube removal time were significantly longer in the DGE and secondary DGE groups.

Conclusion  Identifying patients at an increased risk of DGE and secondary DGE can be used to intervene earlier, 
avoid potential risk factors, and make more informed clinical decisions to shorten the duration of perioperative 
management.
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Introduction
Pancreaticoduodenectomy (PD) is the cornerstone treat-
ment for pancreatic head and periampullary pathologies 
[1]. Despite significant improvements in surgical tech-
niques and perioperative care over the past few decades, 
PD remains associated with high morbidity and mortality 
[2, 3]. Delayed gastric emptying (DGE) is one of the most 
common complications of PD, with an incidence rate 
ranging from 19 to 57% [4, 5]. It is rarely life-threaten-
ing but is associated with delayed oral intake, prolonged 
hospital stay, and increased total cost of hospitalization 
[5–7]. Several studies have focused on the risk factors of 
DGE, such as the preservation of the pylorus or the route 
of the gastric reconstruction loop [5, 7–10]. Similarly, 
the existence of primary and secondary causes of DGE 
has been proposed [11, 12]. However, these findings have 
been controversial.

Laparoscopic PD (LPD) was introduced in 1994 [13]. 
Over the past decade, an increasing number of studies 
have affirmed its safety, feasibility, and acceptable onco-
logical outcomes [14, 15]. LPD has become the preferred 
surgical procedure in a few large pancreatic surgery cen-
ters [16–18]. However, few reports have analyzed the risk 
factors for DGE after LPD. This study aimed to charac-
terize DGE and secondary DGE after LPD and analyze 
their specific risk factors and impact on the clinical post-
operative course.

Methods
Patient selection
This single-center retrospective comparative study was 
performed at the Division of Pancreatic Surgery, Depart-
ment of General Surgery, Huaxi Hospital, Sichuan Uni-
versity, Sichuan Province, China, between October 2010 
and April 2023. The study was approved by the Ethics 
Committee of Sichuan University and was conducted in 
accordance with The Code of Ethics of the World Medi-
cal Association (Declaration of Helsinki). Informed con-
sent was obtained from all patients. The privacy rights of 
participants were always observed. We excluded patients 
(1) undergoing LPD at other centers, (2) transitioning 
to open surgery, (3) undergoing total pancreatectomy as 
a change in the surgical procedure, and (4) whose data 
were not systematically collected. The analysis included 
827 consecutive patients who underwent LPD. Medical 
history, laboratory values, perioperative characteristics, 
postoperative outcomes, complications, and mortality 
were recorded.

Perioperative surveillance
Routinely monitored amylase in abdominal drainage 
fluid at 1, 3, and 5 days after surgery. Abdominal CT 
will be performed on the third day after surgery. The 
abdominal drainage tubes were removed after excluding 

pancreatic leakage, biliary leakage, gastrointestinal leak-
age, and abdominal fluid accumulation. The nasogastric 
tube (NGT) was placed before surgery and removed 1 
or 2 days after surgery, and oral intake was advanced as 
tolerated. DGE was defined and graded according to the 
ISGPS consensus definition [4]. Patients who developed 
DGE were analyzed separately, and the risk factors for 
DGE were explored. Those with DGE were subsequently 
divided into primary and secondary DGE (pDGE and 
sDGE). sDGE was defined as a DGE occurring contem-
porarily or immediately afterward (< 5 days), with the 
development of another complication, including clini-
cally relevant postoperative pancreatic fistula (CR-POPF, 
including POPF of grades B and C), post-pancreatectomy 
hemorrhage (PPH), chyle leak, biliary leak, and abdomi-
nal infection. DGE was otherwise defined as “primary” 
(pDGE). Other pancreas-specific complications, includ-
ing POPF [19], PPH [20], and chyle leak [21], were 
defined according to the ISGPS classifications. Biliary 
leakage was defined according to the International Study 
Group for Liver Surgery classification [22]. Major compli-
cations were defined as a Dindo-Clavien grade ≥ III [23]. 
Abdominal infection was defined as the development of 
chills, fever, abdominal distension, and intestinal paraly-
sis that lasted for more than 24 h after the third postoper-
ative day. A significant increase in white blood cell count, 
hypoproteinemia, anemia on laboratory examination, 
fluid accumulation in the abdominal cavity on computed 
tomography (CT), and purulent aspiration fluid with bac-
teria confirmed the diagnosis. Reoperation was defined 
as a secondary operation due to severe complications 
within 90 days of LPD. Patients were discharged when 
oral intake and moderate activity were tolerated without 
any abnormal postoperative complications or laboratory 
findings.

Surgical procedures
Surgical procedures were described in detail in our pre-
vious study [24]. The type of reconstruction procedure 
was child procedure, namely pancreaticojejunostomy, 
hepatico-jejunostomies anastomosis, and Roux-en-Y 
reconstruction of gastrojejunostomy or duodenojejunal 
anastomosis. Laparoscopic pancreaticoduodenectomy 
began with hand-assisted LPD, switched to total LPD, 
and gradually progressed to laparoscopic pylorus-pre-
serving pancreaticoduodenectomy (LPPPD), considering 
that LPD is a challenging operation for most surgeons. 
Furthermore, our previous study indicated that no sig-
nificant differences were observed among these three 
operation types in terms of intraoperative parameters 
or postoperative complications [24]. Therefore, hand-
assisted LPD, total LPD, and LPPPD were regarded as 
homogeneous LPD methods in the analysis of the peri-
operative risk factors of DGE. Three to four abdominal 
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drainage tubes will be placed inside the abdominal cavity 
to monitor postoperative complications.

Statistical analysis
Statistical analysis of the variables was performed using 
SPSS software, version 23.

Continuous variables were compared using Student’s 
t-test or the Mann-Whitney U test. The chi-square test 
and Fisher’s exact test were used to compare categori-
cal variables. Statistical significance was set at P < 0.05. 
Variables with P < 0.05 underwent multivariate analyses. 
Logistic regression was performed for the multivariate 
analysis to determine the main independent risk factors 
for DGE and sDGE. The independent risk factors for the 
variables are expressed as odds ratios (OR) with their 
95% confidence intervals (CI).

Results
Prevalence of delayed gastric emptying
Of the 827 patients included in the study, 142 patients 
(17.2%) developed DGE of any grade. Sixty-five patients 

(7.9%) had grade A, 62 (7.5%) had grade B, and the 
remaining 15 (1.8%) had grade C. After univariate 
analysis, artificial vascular replacement (p < 0.001), 
preoperative jaundice (p = 0.049), preoperative biliary 
drainage (p = 0.011), longer operative time (p = 0.014), 
higher estimated blood loss volume (p = 0.001), CR-
POPF (p < 0.001), PPH (p = 0.001), 90-day reoperation 
(p = 0.018), 90-day any major complication with Dindo-
Clavien score ≥III (p < 0.001), biliary leak (p < 0.001), 
abdominal infection (p < 0.001), and pulmonary infec-
tion (p < 0.001) were significantly more frequent in 
patients with DGE than in patients without DGE. The 
demographics, preoperative characteristics, intraopera-
tive findings, and postoperative outcomes are shown in 
Tables 1 and 2. In multivariate analysis, preoperative bili-
ary drainage (p = 0.032), higher estimated blood loss vol-
ume (p = 0.014), and 90-day any major complication with 
Dindo-Clavien score ≥III (p < 0.001) were independent 
significant risk factors for DGE. Further details of the 
postoperative outcomes are listed in Table 3. There was 
a statistically significant (p < 0.001) increase in the length 

Table 1  Univariate analysis of clinical and intraoperative factors associated with the development of delayed gastric emptying. 
(N = 827)

DGE
N = 142 (17.2%)

No DGE
N = 685(82.8%)

P value

Gender (Male/ Female) 62/80 292/393 0.821
Age (years, median, IQR) 63(55–70) 62(52–68) 0.059
BMI (kg/m2, median, IQR) 22.0(20.3–23.9) 22.2(20.2–24.0) 0.763
Hypertension 33(23.2%) 115(16.8%) 0.068
Diabetes mellitus 19(13.4%) 81(11.8%) 0.605
Smoking history 40(28.2%) 165(24.1%) 0.305
History of alcohol intake 21(14.8%) 102(14.9%) 0.975
History of abdominal surgery
History of gastrointestinal surgery

12(8.5%)
3(2.1%)

79(11.5%)
14(2.0%)

0.285
1.000

Preoperative jaundice 54(38.0%) 203(29.6%) 0.049
Preoperative biliary drainage 36(25.4%) 112(16.4%) 0.011
Tumor locations
Bile duct
Pancreas
Ampulla
Duodenum

41(28.9%)
65(45.8%)
21(14.8%)
15(10.5%)

179(26.1)
340(49.6)
100(14.6)
66(9.7%)

0.501
0.402
0.953
0.735

Indications for surgery
Benign/ Malignant 37/105 213/472 0.234
ASA score ≥ 3 54(38.0%) 235(34.3%) 0.335
Pancreatic texture(soft/hard) 61/81 331/354 0.244
Pylorus preserving 132(93.0%) 651(95.0%) 0.315
Combined organ resection 6(4.2%) 20(2.9%) 0.584
Vascular resection and reconstruction
  Side wall
  End to end
  Vascular grafts

26(18.3%)
7(4.9%)
5(3.5%)
14(9.9%)

89(13.0%)
65(9.5%)
17(2.5%)
7(1.0%)

0.096
0.079
0.679

< 0.001
Perioperative transfusion 21(14.8%) 90(13.1%) 0.604
Blood loss (ml, median, IQR) 175.0(100.0-365.0) 120.0(100.0-200.0) 0.001
Operative time (min, median, IQR)) 370.0 (283.8-441.3) 330.0(273.0-401.5) 0.014
ASA, American Society of Anesthesiologists; BMI, Body Mass Index
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of hospital stay and removal time of the drainage tube in 
patients with DGE grades A, B, and C versus those with 
no DGE.

Primary versus secondary DGE
Of the 142 patients complicated by DGE, 76 (54.2%) were 
diagnosed with pDGE, whereas 66 (45.8%) patients had 
DGE secondary to concomitant complications. There 
were no significant differences between pDGE and sDGE 
in terms of age, sex, ASA score, presence of diabetes 
mellitus and hypertension, smoking history, history of 
alcohol intake, preoperative jaundice, preoperative bili-
ary drainage, history of abdominal or gastrointestinal 
surgery, operative time, organ or vascular resection, or 
estimated blood loss. Type C DGE was significantly more 
common in sDGE (p = 0.001). The lengths of hospital stay 
and drainage tube removal time were significantly shorter 
in the pDGE group. Tables 4 and 5 present detailed com-
parisons of the pDGE and sDGE subgroups.

Risk factors for sDGE
In the subgroup analysis of sDGE predictors, higher body 
mass index (BMI) (p = 0.036), soft pancreatic texture 
(p = 0.002), and perioperative transfusion (p = 0.004) were 
independent risk factors with statistical significance in 
the multivariate analysis (Table 6).

Discussion
LPD is one of the most technically challenging surgical 
procedures, involving complicated dissection and recon-
struction. The primary concern is the high incidence of 
postoperative morbidity and mortality. Improved surgical 
techniques and technologies, together with an increase 
in operative volume and surgeon experience in high-vol-
ume centers, have reduced the incidence of postoperative 
complications and improved overall survival [17, 25, 26]. 
Recently, the hospital mortality rate after LPD has nota-
bly decreased to less than 6% [16–18]. This study shows 
the 90-day mortality rate was 1.3%, similar to previous 
reports. However, the incidence of postoperative major 
complications remains high [17, 18]. DGE remains a par-
ticular concern for pancreatic surgeons, even in high-
volume centers, because of its high incidence. In Wang et 
al.’s [17] multicenter study, which included 1029 patients, 
major complications occurred in 49.66% of patients, and 
16.72% experienced DGE. Another study [14] reported 
DGE (grade B/C) in 9% of the LPD group. Li et al. [27] 
reported that DGE occurred in 33.2% of patients, with 
grades B and C occurring in 21.6%. In our study, the 
90-day overall major complication rate was 17.3%, DGE 
was noted in 17.2% of patients, and 9.3% developed 
DGE grade B/C. In a single-center study by Song et al. 
[15]. that included 500 patients who underwent LPD, 

Table 2  Postoperative outcomes among patients with and without DGE
DGE
N = 142 (17.2%)

No DGE
N = 685(82.8%)

P value

Clinically-relevant pancreatic fistula
  Grade B
  Grade C

33(23.2%)
27(19.0%)
6(4.2%)

70(10.2%)
60(8.7%)
10(1.5%)

< 0.001
< 0.001
0.065

Intestinal obstruction 6(4.2%) 12(1.8%) 0.066
Postpancreatectomy hemorrhage
  Re-operation
  Conservative

16(11.3%)
10(7.0%)
6(4.2%)

29(4.2%)
22(3.2%)
7(1.0%)

0.001
0.031
0.015

Biliary leak 12(8.5%) 15(2.2%) < 0.001
Chyle leak 19(13.4%) 63(9.2%) 0.129
Wound infection 5(3.5%) 12(1.8%) 0.304
Abdominal infection 30(21.1%) 54(7.9%) < 0.001
Pulmonary infection 24(16.9%) 49(7.2%) < 0.001
Death within 90 days 3(2.1%) 8(1.2%) 0.623
90d-reoperation 14(9.9%) 33(4.8%) 0.018
90d any major complication 47(33.1%) 96(14.0%) < 0.001
Removal time of drainage tubes (days, median, IQR) 11(8–20) 8(7–12) < 0.001
Length of hospital stay (days, median, IQR)) 18(14–25) 13(10–17) < 0.001
90d any major complication: Dindo-Clavien score ≥III

Table 3  Multivariable analysis of perioperative risk factors for DGE (n = 827)
Variables B SE Wals P value OR 95% CI
Preoperative biliary drainage 0.485 0.226 4.597 0.032 1.624 1.043–2.530
Blood loss (ml) 0.001 0.000 5.993 0.014 1.001 1.000-1.002
90d any major complication 1.066 0.212 25.342 < 0.001 2.904 1.918–4.399
90d any major complication: Dindo-Clavien score≥III
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Table 4  Univariate analysis of clinical and intraoperative factors between pDGE and sDGE
pDGE
N = 76 (53.5%)

sDGE
N = 66(46.5%)

p

Gender (Male/ Female) 38/38 42/24 0.102
Age (years, median, IQR) 63(54–70) 62(55–70) 0.731
BMI (kg/m2, median, IQR) 21.3(19.6–23.3) 22.8(21.2–24.5) 0.003
Hypertension 17(22.4%) 16(24.2%) 0.792
Diabetes mellitus 11(14.5%) 8(12.1%) 0.681
Smoking history 20(26.3%) 20(30.3%) 0.598
History of alcohol intake 9(11.8%) 12(15.8%) 0.288
History of abdominal surgery 5(6.6%) 7(10.6%) 0.390
History of gastrointestinal surgery 2(2.6%) 1(1.3%) 1.000
Preoperative jaundice 31(40.8%) 23(34.8%) 0.467
Preoperative biliary drainage 20(26.3%) 16(24.2%) 0.777
Tumor location
Bile duct
Pancreas
Ampulla
Duodenum

23(30.3%)
36(47.4%)
6(7.9%)
11(14.5%)

18(27.3%)
29(43.9%)
9(13.6%)
10(15.2%)

0.818
0.682
0.267
0.910

Indications for surgery
Benign/ Malignant 21/55 16/50 0.646
ASA score ≥ 3 33(43.4%) 23(34.8%) 0.297
Pancreatic texture(soft/hard) 26/50 35/31 0.024
Pylorus preserving 72(94.7%) 60(90.9%) 0.575
Combined organ resection 5(6.6%) 1(1.5%) 0.281
Vascular resection and reconstruction
  Side wall
  End to end
  Vascular grafts

14(18.4%)
7(9.2%)
3(3.9%)
4(5.3%)

12(15.2%)
7(10.6%)
2(2.6%)
3(4.5%)

0.971
0.781
1.000
1.000

Perioperative transfusion 7(9.2%) 14(21.2%) 0.044
Blood loss (ml, median, IQR) 365(300–439) 370(267–446) 0.797
Operative time (min, median, IQR)) 150(100–350) 200(100–385) 0.163
ASA, American Society of Anesthesiologists; BMI, Body Mass Index; Secondary DGE (sDGE); primary DGE (pDGE)

Table 5  Comparison of postoperative outcome between primary and secondary DGE
pDGE
N = 76 (53.5%)

sDGE
N = 66(46.5%)

P value

DGE ISGPS grade
  A
  B
  C

36(47.4%)
38(50.0%)
2(2.6%)

29(43.9%)
24(36.4%)
13(19.7%)

0.682
0.102
0.001

Intestinal obstruction 1(1.3%) 5(7.6%) 0.152
Wound infection 0(0.0%) 5(7.6%) 0.047
Pulmonary infection 12(15.8%) 12(18.2%) 0.704
Death within 90 days 0(0.0%) 3(4.5%) 0.196
90d-reoperation 0(0.0%) 11(16.7%) 0.001
90d any major complication 0(0.0%) 47(71.2%) < 0.001
Removal time of drainage tubes (days, median, IQR) 9(7–11) 20(12–25) < 0.001
Length of hospital stay (days, median, IQR)) 16(13–19) 23(17–35) < 0.001
90d any major complication, Dindo-Clavien score ≥III; sDGE, secondary DGE; pDGE, primary DGE

Table 6  Multivariable analysis of perioperative risk factors for secondary DGE
Variables B SE Wals P value OR 95% CI
BMI 0.145 0.069 4.398 0.036 1.156 1.010–1.324
Soft gland texture 1.241 0.397 9.781 0.002 3.457 1.589–7.522
Perioperative transfusion 1.607 0.557 8.334 0.004 4.988 1.675–14.853
BMI, Body Mass Index
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the severe complication rate was 4.8%; moreover, 2.4% 
of patients had DGE. This variation in incidence may be 
explained by different institutional practices, with a ten-
dency to delay nasogastric tube removal and oral feeding.

In this retrospective study, we investigated the risk 
factors of DGE in 827 patients who underwent LPD 
and found that the need for preoperative biliary drain-
age, higher blood loss, and 90-day any major complica-
tion (Dindo-Clavien ≥ III) were significant independent 
risk factors for DGE occurrence. Preoperative factors, 
including preoperative biliary drainage, but not preop-
erative jaundice, were associated with increased DGE 
in this study, which showed inconsistent results regard-
ing demographic characteristics that may contribute to 
DGE, including age, sex, smoking history, and surgical 
indications [5, 12]. It is speculated that patients requiring 
preoperative biliary drainage may have more blood loss, 
leading to higher rates of a difficult postoperative course 
and being more in line with the diagnosis of DGE. Blood 
loss, an operative factor, was associated with increased 
DGE in our study, consistent with previous studies [27–
29] and our preoperative factors. Several studies have 
reported that postoperative complications, including 
hemorrhage, CR-POPF, and abdominal infection, signifi-
cantly influence the incidence of DGE after surgery [5, 9, 
11, 12, 27, 29]. Further, our analysis showed that the pres-
ence of major complications (Dindo-Clavien ≥ III) was 
significantly associated with increased DGE occurrence, 
consistent with previous studies [7, 27]. This indicates 
that severe postoperative complications have a signifi-
cant impact on postoperative DGE rather than being 
limited to severe abdominal complications. Therefore, 
the management of patients with DGE should not only 
focus on managing DGE and abdominal complications 
but also pay more attention to the improvement of the 
overall state, such as pulmonary infection and incision 
infections.

Furthermore, we divided DGE into pDGE and sDGE 
and explored the risk factors for sDGE. We found that 
higher BMI, soft pancreatic texture, and perioperative 
transfusion were independent risk factors in the multi-
variate analysis, which was consistent with the distinc-
tion between pDGE and sDGE and has already been 
proposed in other studies [11, 12, 30], although a con-
sensus on such characterization has not been reached. 
As expected, most predictors, including higher BMI 
and soft pancreatic texture of sDGE, largely overlapped 
with those related to CR-POPF. Therefore, patients at a 
higher risk of sDGE could benefit from specific pathways 
in the early postoperative phase, such as those adopted 
to avoid CR-POPF [11, 29]. Perioperative transfusion 
may be associated with a poorer general condition, lon-
ger surgical time, and intraoperative bleeding, which 
further increases the risk of postoperative complications 

and leads to a higher incidence of sDGE. Meanwhile, the 
incidence of sDGE was higher than that of pDGE com-
pared with other studies, which may be highly related to 
the fewer secondary factors listed; however, this did not 
affect the consistency of our analysis results with others.

In conclusion, preoperative biliary drainage, blood 
loss, and 90-day any major complication with a Dindo-
Clavien score ≥III were strongly associated with DGE 
after LPD. Furthermore, higher BMI, soft pancreatic 
texture, and perioperative transfusion were independent 
risk factors for sDGE. Identifying patients at increased 
risk for DGE and sDGE can be used to intervene earlier, 
avoid potential risk factors, and make more informed 
clinical decisions to shorten the duration of perioperative 
management.

Abbreviations
DGE	� Delayed gastric emptying
PD	� Pancreaticoduodenectomy
LPD	� Laparoscopic pancreaticoduodenectomy
BMI	� Body Mass Index
pDGE	� Primary delayed gastric emptying
sDGE	� Secondary delayed gastric emptying
CR-POPF	� Clinically relevant postoperative pancreatic fistula
PPH	� Post-pancreatectomy hemorrhage
ISGPS	� International Study Group for Pancreatic Surgery
CT	� Computed tomography
OR	� Odds ratios
CI	� Confidence intervals
ASA	� American Society of Anesthesiologists

Acknowledgements
This work was supported by grants from the Sichuan Science and Technology 
Program (2023YFS0128).

Author contributions
L.W. Meng and J. Li collected the patient ‘s date; All authors made substantial 
contributions to the following: (1) conception and design of the study, and 
interpretation of data; (2) drafting the article and revising it critically for 
important intellectual content; and (3) final approval of the version to be 
submitted.

Funding
This work was supported by grants from the Sichuan Science and Technology 
Program (2023YFS0128).

Data availability
All data generated or analysed during this study are included in this published 
article. The datasets used and/or analysed during the current study are 
available from the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by the Ethics Committee of Sichuan University, and it 
satisfies the Declaration of Helsinki standard. Informed consent was obtained 
from all participants.

Consent for publication
Not Applicable.

Competing interests
Lingwei Meng, Jun Li, Guoqing Ouyang, Yongbin Li, Yunqiang Cai, Zhong Wu, 
and Bing Peng declare no competing interests.



Page 7 of 7Meng et al. BMC Surgery          (2024) 24:145 

Declaration of generative AI in scientific writing
The authors did not use AI during the writing of this work.

Received: 31 January 2024 / Accepted: 8 May 2024

References
1.	 Pedrazzoli S, Beger HG, Obertop H, Andren-Sandberg A, Fernandez-Cruz 

L, Henne-Bruns D, Luttges J, Neoptolemos JP. A surgical and pathological 
based classification of resective treatment of pancreatic cancer. Summary of 
an international workshop on surgical procedures in pancreatic cancer. Dig 
Surg. 1999;16(4):337–345.

2.	 Bassi C, Marchegiani G, Giuliani T, Di Gioia A, Andrianello S, Zingaretti CC, 
Brentegani G, De Pastena M, Fontana M, Pea A, et al. Pancreatoduodenec-
tomy at the Verona Pancreas Institute: the evolution of indications, Surgical 
techniques, and outcomes a retrospective analysis of 3000 consecutive cases. 
Ann Surg. 2022;276(6):1029–38.

3.	 Giuliani T, Marchegiani G, Di Gioia A, Amadori B, Perri G, Salvia R, Bassi C. 
Patterns of mortality after pancreatoduodenectomy: a root cause, day-to-day 
analysis. Surgery. 2022;172(1):329–35.

4.	 Wente MN, Bassi C, Dervenis C, Fingerhut A, Gouma DJ, Izbicki JR, Neoptol-
emos JP, Padbury RT, Sarr MG, Traverso LW, et al. Delayed gastric emptying 
(DGE) after pancreatic surgery: a suggested definition by the International 
Study Group of pancreatic surgery (ISGPS). Surgery. 2007;142(5):761–8.

5.	 Eisenberg JD, Rosato EL, Lavu H, Yeo CJ, Winter JM. Delayed gastric emptying 
after pancreaticoduodenectomy: an analysis of risk factors and cost. J Gastro-
intest Surg. 2015;19(9):1572–80.

6.	 Francken MFG, van Roessel S, Swijnenburg RJ, Erdmann JI, Busch OR, 
Dijkgraaf MGW, Besselink MG. Hospital costs of delayed gastric emptying 
following pancreatoduodenectomy and the financial headroom for novel 
prophylactic treatment strategies. HPB (Oxford). 2021;23(12):1865–72.

7.	 Mohammed S, Van Buren Ii G, McElhany A, Silberfein EJ, Fisher WE. Delayed 
gastric emptying following pancreaticoduodenectomy: incidence, risk fac-
tors, and healthcare utilization. World J Gastrointest Surg. 2017;9(3):73–81.

8.	 Kawai M, Tani M, Hirono S, Miyazawa M, Shimizu A, Uchiyama K, Yamaue H. 
Pylorus ring resection reduces delayed gastric emptying in patients undergo-
ing pancreatoduodenectomy: a prospective, randomized, controlled trial of 
pylorus-resecting versus pylorus-preserving pancreatoduodenectomy. Ann 
Surg. 2011;253(3):495–501.

9.	 Parmar AD, Sheffield KM, Vargas GM, Pitt HA, Kilbane EM, Hall BL, Riall TS. 
Factors associated with delayed gastric emptying after pancreaticoduode-
nectomy. HPB (Oxford). 2013;15(10):763–72.

10.	 Busquets J, Martin S, Secanella L, Sorribas M, Cornella N, Altet J, Pelaez N, 
Bajen M, Carnaval T, Videla S, et al. Delayed gastric emptying after classical 
Whipple or pylorus-preserving pancreatoduodenectomy: a randomized clini-
cal trial (QUANUPAD). Langenbecks Arch Surg. 2022;407(6):2247–58.

11.	 Courvoisier T, Donatini G, Faure JP, Danion J, Carretier M, Richer JP. Primary 
versus secondary delayed gastric emptying (DGE) grades B and C of the 
International Study Group of pancreatic surgery after pancreatoduodenec-
tomy: a retrospective analysis on a group of 132 patients. Updates Surg. 
2015;67(3):305–9.

12.	 Ellis RJ, Gupta AR, Hewitt DB, Merkow RP, Cohen ME, Ko CY, Bilimoria KY, Ben-
trem DJ, Yang AD. Risk factors for post-pancreaticoduodenectomy delayed 
gastric emptying in the absence of pancreatic fistula or intra-abdominal 
infection. J Surg Oncol. 2019;119(7):925–31.

13.	 Gagner M, Pomp A. Laparoscopic pylorus-preserving pancreatoduodenec-
tomy. Surg Endosc. 1994;8(5):408–10.

14.	 Croome KP, Farnell MB, Que FG, Reid-Lombardo KM, Truty MJ, Nagorney DM, 
Kendrick ML. Total laparoscopic pancreaticoduodenectomy for pancreatic 
ductal adenocarcinoma: oncologic advantages over open approaches? Ann 
Surg. 2014;260(4):633–8. discussion 638–640.

15.	 Song KB, Kim SC, Hwang DW, Lee JH, Lee DJ, Lee JW, Park KM, Lee YJ. Matched 
case-control analysis comparing laparoscopic and open pylorus-preserving 

pancreaticoduodenectomy in patients with Periampullary Tumors. Ann Surg. 
2015;262(1):146–55.

16.	 Wang X, Cai Y, Jiang J, Peng B. Laparoscopic pancreaticoduodenectomy: 
outcomes and experience of 550 patients in a single Institution. Ann Surg 
Oncol. 2020;27(11):4562–73.

17.	 Wang M, Peng B, Liu J, Yin X, Tan Z, Liu R, Hong D, Zhao W, Wu H, Chen R, et 
al. Practice patterns and perioperative outcomes of laparoscopic pancre-
aticoduodenectomy in China: a retrospective Multicenter analysis of 1029 
patients. Ann Surg. 2021;273(1):145–53.

18.	 Wang M, Li D, Chen R, Huang X, Li J, Liu Y, Liu J, Cheng W, Chen X, Zhao W, 
et al. Laparoscopic versus open pancreatoduodenectomy for pancreatic or 
periampullary tumours: a multicentre, open-label, randomised controlled 
trial. Lancet Gastroenterol Hepatol. 2021;6(6):438–47.

19.	 Bassi C, Marchegiani G, Dervenis C, Sarr M, Abu Hilal M, Adham M, Allen 
P, Andersson R, Asbun HJ, Besselink MG, et al. The 2016 update of the 
International Study Group (ISGPS) definition and grading of postoperative 
pancreatic fistula: 11 years after. Surgery. 2017;161(3):584–91.

20.	 Wente MN, Veit JA, Bassi C, Dervenis C, Fingerhut A, Gouma DJ, Izbicki JR, 
Neoptolemos JP, Padbury RT, Sarr MG, et al. Postpancreatectomy hemorrhage 
(PPH): an International Study Group of pancreatic surgery (ISGPS) definition. 
Surgery. 2007;142(1):20–5.

21.	 Besselink MG, van Rijssen LB, Bassi C, Dervenis C, Montorsi M, Adham 
M, Asbun HJ, Bockhorn M, Strobel O, Buchler MW, et al. Definition and 
classification of chyle leak after pancreatic operation: a consensus state-
ment by the International Study Group on pancreatic surgery. Surgery. 
2017;161(2):365–72.

22.	 Koch M, Garden OJ, Padbury R, Rahbari NN, Adam R, Capussotti L, Fan ST, 
Yokoyama Y, Crawford M, Makuuchi M, et al. Bile leakage after hepatobiliary 
and pancreatic surgery: a definition and grading of severity by the Interna-
tional Study Group of Liver surgery. Surgery. 2011;149(5):680–8.

23.	 Clavien PA, Barkun J, de Oliveira ML, Vauthey JN, Dindo D, Schulick RD, de 
Santibanes E, Pekolj J, Slankamenac K, Bassi C, et al. The Clavien-Dindo 
classification of surgical complications: five-year experience. Ann Surg. 
2009;250(2):187–96.

24.	 Wang M, Zhang H, Wu Z, Zhang Z, Peng B. Laparoscopic pancreaticoduode-
nectomy: single-surgeon experience. Surg Endosc. 2015;29(12):3783–94.

25.	 Adam MA, Thomas S, Youngwirth L, Pappas T, Roman SA, Sosa JA. Defining a 
hospital volume threshold for minimally invasive pancreaticoduodenectomy 
in the United States. JAMA Surg. 2017;152(4):336–42.

26.	 Torphy RJ, Friedman C, Halpern A, Chapman BC, Ahrendt SS, McCarter MM, 
Edil BH, Schulick RD, Gleisner A. Comparing short-term and oncologic out-
comes of minimally invasive Versus Open Pancreaticoduodenectomy Across 
Low and high volume centers. Ann Surg. 2019;270(6):1147–55.

27.	 Li X, Qin T, Zhu F, Wang M, Dang C, He L, Pan S, Liu Y, Yin T, Feng Y, et al. Clini-
cal efficacy of the preservation of the hepatic branch of the Vagus nerve on 
delayed gastric emptying after laparoscopic pancreaticoduodenectomy. J 
Gastrointest Surg. 2021;25(8):2172–83.

28.	 Akizuki E, Kimura Y, Nobuoka T, Imamura M, Nagayama M, Sonoda T, Hirata K. 
Reconsideration of postoperative oral intake tolerance after pancreaticoduo-
denectomy: prospective consecutive analysis of delayed gastric emptying 
according to the ISGPS definition and the amount of dietary intake. Ann Surg. 
2009;249(6):986–94.

29.	 Kunstman JW, Fonseca AL, Ciarleglio MM, Cong X, Hochberg A, Salem RR. 
Comprehensive analysis of variables affecting delayed gastric emptying fol-
lowing pancreaticoduodenectomy. J Gastrointest Surg. 2012;16(7):1354–61.

30.	 Werba G, Sparks AD, Lin PP, Johnson LB. Vaziri K: The Score as a. Simple preop-
erative screening tool identifies patients at increased risk for delayed gastric 
emptying after pancreaticoduodenectomy. Hpb. 2022;24(1):30–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	﻿Delayed gastric emptying after laparoscopic pancreaticoduodenectomy: a single-center experience of 827 cases
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Patient selection
	﻿Perioperative surveillance
	﻿Surgical procedures
	﻿Statistical analysis

	﻿Results
	﻿Prevalence of delayed gastric emptying
	﻿Primary versus secondary DGE
	﻿Risk factors for sDGE

	﻿Discussion
	﻿References


