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Abstract
Background To investigate whether an additional gastrojejunostomy reduces the incidence of delayed gastric 
emptying (DGE) following a distal segmental duodenectomy for duodenal and proximal jejunal gastrointestinal 
stromal tumors (GIST).

Materials and methods This retrospective review of the GIST database at Peking University Cancer Hospital 
included 50 patients who underwent distal segmental duodenectomies for primary GIST in the duodenum or 
proximal jejunum within 20 cm of Treitz’s ligament between January 2008 and December 2023. The patients were 
divided into two groups: non-bypass (without gastrojejunostomy) and bypass (with gastrojejunostomy and Braun’s 
jejunojejunostomy). Perioperative characteristics and postoperative complications were analyzed.

Results Among the 50 patients, 27 underwent duodenojejunostomies without gastrojejunostomies and 23 with 
gastrojejunostomies and Braun’s jejunojejunostomies. The incidence of grade B-C DGE was significantly lower in 
the bypass group (43.5% vs. 74.1%, p = 0.028). In addition, non-bypass surgery was an independent risk factor for 
increased grade B-C DGE (OR 3.67, 95% CI 1.07–12.64, p = 0.039). The bypass group showed a trend towards a shorter 
postoperative hospital stay (median: 14 days, range: 10–56) compared to the non-bypass group (median: 28 days, 
range: 6–75), but this difference did not reach statistical significance (p = 0.070). Operative time (min) was significantly 
longer in the multi-visceral resection group (381.0 ± 108.8 vs. 227.3 ± 87.6, p < 0.001), for tumors ≥ 6.3 cm compared 
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Introduction
Gastrointestinal stromal tumors (GIST) are the most 
common mesenchymal tumors of the gastrointesti-
nal tract. Although GISTs can develop anywhere in the 
digestive tract, only 3–5% of GISTs occur in the duode-
num [1]. Currently, surgery is the cornerstone of therapy 
for these localized or potentially resectable GISTs [2]. 
Local resection (LR) for duodenal GISTs should be per-
formed when feasible, as it does not result in inferior sur-
vival outcomes [3]. However, the complex anatomy of the 
pancreaticoduodenal region and varied clinical presen-
tations make diagnosing and resecting duodenal GISTs 
challenging [4]. Surgical resection methods for duodenal 
GISTs thus vary significantly depending on their location 
and possible invasion of the Vater’s ampulla or pancreas 
[5].

Distal segmental duodenectomy is often necessary for 
tumors located in the D3/D4 duodenum and proximal 
jejunum, which can impair gastrointestinal motility and 
lead to delayed gastric emptying (DGE) in patients [6–8]. 
The duodenum, which stores motilin, plays an impor-
tant role in initiating gastrointestinal motility in humans. 
Duodenectomies not only decrease motilin secretion, 
impacting the contraction of the gastric antrum, but also 
influences the neuromodulation of the gastrointestinal 
tract, thereby affecting gastrointestinal motility [9, 10]. 
Postoperative ischemia or edema of the duodenal stump 
may represent another potential cause of DGE following 
distal segmental duodenectomy. Extensive mesopancreas 
dissection is often necessary, which involves severing 
the duodenal branches of the superior mesenteric ves-
sels. This disruption may increase the risk of ischemia 
or edema, potentially contributing to a higher incidence 
of DGE [11]. The literature reports that the incidence of 
DGE following distal segmental duodenectomy varies 
between 23-67% [5, 6, 11, 12].

DGE can prolong hospital stays and delay necessary 
postoperative treatments [13]. Delayed postoperative 
imatinib may lead to worse recurrence-free survival in 
patients with a high risk of recurrence [14]. Although 
the impact of DGE following segmental duodenectomy 
on adjuvant imatinib therapy remains unclear due to 
the lack of available data, in other settings, patients with 
DGE after pancreaticoduodenectomy for pancreatic 
cancer were reported to be less likely to have received 

postoperative chemotherapy or radiation therapy com-
pared to those without DGE [15].

Therefore, we designed a study investigating the impact 
of an additional gastrojejunostomy in reducing the inci-
dence of DGE following a distal segmental duodenec-
tomy for duodenal and proximal jejunal GISTs.

Materials and methods
Study population
A retrospective review of the institutional GIST database 
was conducted. The data of the patients with primary 
GIST located in the duodenum and proximal jejunum 
within 20 cm of Treitz’s ligament who underwent surgi-
cal resection between January 2008 and December 2023 
at Peking University Cancer Hospital (PKUCH) were 
selected.

The inclusion criteria for patient selection were as 
follows: (1) between 18 and 80 years of age; (2) distal 
segmental duodenectomy; and (3) pathologically con-
firmed primary GIST located in the D3/D4 duodenum 
or jejunum within 20  cm of the Treitz’s ligament. The 
exclusion criteria were: (1) operations conducted in an 
emergency setting; (2) locally recurrent or metastatic 
GIST involving duodenum or proximal jejunum; (3) 
other duodenal resection methods beyond distal seg-
mental duodenectomy, including distal gastrectomy with 
proximal duodenectomy, pancreaticoduodenectomy, 
wedge duodenal wall resection or endoscopic duodenal 
resection; (4) merely jejunal resection without duodenal 
resection for proximal jejunal GIST; and (5) history or 
presence of any severe, unstable, systemic disease.

Until the end of 2017, our standard practice for cases 
of GISTs involving the proximal jejunum or the D3/D4 
duodenum that required distal segmental duodenec-
tomies was to perform only an end-to-side duodenoje-
junostomy without a gastrojejunostomy. However, we 
frequently encountered DGE, leading to many patients 
having to receive long-term gastrointestinal decompres-
sion therapy and being unable to consume food, poten-
tially delaying subsequent imatinib therapy. In early 2018, 
we began exploring a modified approach. This new strat-
egy included the addition of a gastrojejunostomy and a 
Braun’s jejunojejunostomy. For this study, patients were 
divided into two groups: the non-bypass group (patients 
who had undergone surgery by the end of 2017 without 

to < 6.3 cm (337.0 ± 116.4 vs. 228.3 ± 99.8, p = 0.002), and in patients with positive preoperative symptoms versus 
asymptomatic patients (319.9 ± 118.0 vs. 210.2 ± 90.3, p = 0.031).

Conclusion The addition of gastrojejunostomy and Braun’s jejunojejunostomy in distal segmental duodenectomy 
can reduce the incidence of grade B-C DGE, potentially facilitating timely adjuvant imatinib therapy. Future 
multicenter studies are needed to confirm these findings.
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a gastrojejunostomy and Braun’s jejunojejunostomy) and 
the bypass group (those who were treated thereafter with 
a gastrojejunostomy and a Braun’s jejunojejunostomy).

Surgical approach
The same surgical team carried out the following surgical 
procedure with the same main steps:

  • After a thorough exploration of the abdominal cavity, 
the Cattell–Braasch maneuver was employed to 
mobilize the entire small intestine and mesocolon to 
facilitate exposure of the distal duodenum.

  • The distal duodenum and proximal jejunum were 
mobilized and sectioned distal to the tumor with the 
mesentery. The tumor, along with the duodenum 
and jejunum, was then dissected and repositioned 
posterior to the superior mesenteric vessels on the 
right side.

  • In instances where pancreas involvement was 
detected, the decision would be made to proceed 
with pancreaticoduodenectomy, partial pancreatic 
resection, or distal pancreatectomy based on the 
extent of the involvement. For large tumors near 
the junction of D2 and D3, catheterization through 
the cystic duct after a cholecystectomy was used 
to identify and protect the Vater’s ampulla and to 
delineate a safe resection margin.

  • The duodenum was sectioned proximal to the tumor 
and distal to the Vater’s ampulla. Jejunal ascension 
was performed retrocolically, followed by an end-to-
side anastomosis with the duodenal stump (Fig. 1a). 
For patients with the gastrojejunostomy procedure, 

an antecolic side-to-side gastrojejunostomy 
was stapled 40 cm distal to the duodenojejunal 
anastomosis along the greater curvature. A Braun’s 
antimesenteric jejunojejunostomy was then 
performed 15 cm proximal to the gastrojejunostomy 
for the afferent limb and 40 cm distal for the efferent 
limb (Fig. 1b).

Postoperative care
The patients had routine nasogastric tubes (NGT) 
inserted during the operation. According to the insti-
tutional protocol, it is standard practice for patients to 
receive prophylactic nasogastric decompression after 
segmental duodenectomy and undergo routine upper 
gastrointestinal series (UGIS) between postoperative 
days (POD) 5 and 7 for the early detection of anastomotic 
leakage. Once the UGIS did not reveal any anastomotic 
fistula and the contrast agent transmitted rapidly into the 
distal jejunum, the NGT was removed immediately, and 
the patient was advised to resume eating.

Complication definition
Postoperative clinical data concerning any complications 
and deviation from the normal postoperative course was 
also collected. DGE and other incidents such as post-
operative pancreatic fistula (POPF) were graded follow-
ing the standards published by the International Study 
Group of Pancreatic Surgery (ISGPS) [16, 17].

It should be noted that the true incidence of grade 
A DGE could not be determined in the study as all the 
patients were allowed to remove the nasogastric tube 

Fig. 1 (a). Patients in the non-bypass group underwent end-to-side duodenojejunostomy. (b). Patients in the bypass group also underwent an antecolic 
side-to-side gastrojejunostomy and a Braun antimesenteric jejunojejunostomy
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after the UGIS was done 5–7 days postoperatively due to 
our institutional protocol. Considering that grade A DGE 
generally only causes minor disturbances during the 
resumption of solid food intake, it typically has minimal 
clinical impact and may cause only a slight deviation from 
the clinical pathway [16, 18]. We thus mainly compared 
the incidence grades B-C (moderate and severe) DGE 
between the non-bypass group and the bypass group. The 
other postoperative complications were graded by the 
Clavien–Dindo classification and considered “major” if 
they were Grade III or higher [19].

Data handling and statistical analysis
We collected and analyzed demographic information 
for variables including age, gender, and body mass index 
(BMI). Clinicopathologic variables such as symptoms, 
diabetes, smoking, preoperative hemoglobin (HGB), 
tumor size, tumor location, liver metastases, and Ameri-
can Society of Anesthesiologists (ASA) classifications 
were collected as well, and treatment variables such as 
neoadjuvant imatinib therapy, operation time, estimated 
blood loss, multi-visceral resection (MVR), intensive care 
unit (ICU) stays, NGT removal interval, NGT reinser-
tion, highest body temperature, and postoperative stays 
count were also incorporated into our study. It is impor-
tant to note that according to the criteria of the Chinese 
Working Group on Obesity and thus our study, BMI is 
classified into the following three groups: low and normal 
weight (18.5–24), overweight (24 to < 28), and obesity 
[20].

Statistical analysis was performed with SPSS Statistics 
(IBM Corp. Released 2019. IBM SPSS Statistics for Win-
dows, Version 26.0. Armonk, NY: IBM Corp.). Standard 
descriptive statistics were calculated for categoric data 
(i.e., frequency and percentage) and continuous data 
(i.e., median and range), as listed in Table  1. Indepen-
dent sample t-tests, Chi-square tests, and nonparametric 
Mann-Whitney U tests were used to compare variables 
between the non-bypass group and the bypass group for 
significant differences.

Each clinicopathological variable associated with DGE 
was analyzed using binary logistic regression models, 
with results presented as odds ratios (ORs) and 95% 
confidence intervals (95% CIs). Initially, each covari-
ate was evaluated in a univariate model and retained if 
the p-value was less than 0.1. Subsequently, a stepwise 
selection method was employed to identify significant 
covariates. For our usage, a p-value of less than 0.05 was 
considered statistically significant for all analyses.

Continuous variables (age, hemoglobin level, tumor 
size, operation time, estimated blood loss, highest body 
temperature) and categorical variables (gender, symp-
toms, BMI, smoking status, tumor location, liver metas-
tases, ASA classification, neoadjuvant imatinib therapy, 

multi-visceral resection, ICU admission, GIST risk clas-
sification, complication grade) were analyzed for asso-
ciations with grade B-C delayed gastric emptying (DGE) 
using univariate logistic regression. Results are reported 
as ORs with 95% CIs. Variables with a p < 0.1 in univariate 
analysis were included in a multivariable logistic regres-
sion model to identify independent predictors of grade 
B-C DGE.

Independent sample t-tests assessed correlations 
between operative time and various factors, including 
age, gender, symptoms, BMI, smoking status, HGB lev-
els, tumor size, risk classification, location, liver metas-
tases, neoadjuvant imatinib therapy, ASA classification, 
MVR, and bypass. Variables with a p < 0.05 were included 
in multiple linear regression analysis. Tumor size and 
hemoglobin levels were categorized by mean values.

Results
Patient characteristics
During the study period, 158 primary GISTs located in 
the duodenum or jejunum within 20 cm of Treitz’s liga-
ment underwent surgical treatment at our institute. One 
hundred eight of them were excluded from the study for 
the following reasons: 42 patients who underwent pan-
creaticoduodenectomy, 39 patients with wedge duode-
nal wall resection, eight patients with distal gastrectomy 
with proximal duodenectomy for tumors located at the 
duodenal bulb, 15 patients with segmental jejunal resec-
tion without duodenectomy, two patients with recurrent 
GISTs involving the duodenum, one patient with endo-
scopic resection, and one patient with incomplete clini-
copathological data (Fig. 2).

According to the abovementioned criteria, 50 patients 
who underwent distal segmental duodenectomy for duo-
denal or proximal jejunal GIST at our institution were 
finally enrolled in the study, including 31 males and 19 
females. The median age was 52.5 years (range: 27–76). 
Two patients presented with histories of concurrent can-
cers. Specifically, one patient had a previous diagnosis of 
breast cancer, while the other had been diagnosed with 
endometrial cancer. Notably, both patients had under-
gone successful treatment without any evidence of tumor 
relapse.

The most common symptoms reported were 
abdominal discomfort including pain, bloating, and 
indigestion(affecting 17 patients (34%)). Thirteen patients 
(26%) presented with symptoms related to gastrointesti-
nal bleeding such as anemia and melena. Three patients 
(6%) were diagnosed following medical consultations for 
self-detected palpable masses. Meanwhile, 17 asymp-
tomatic patients (34%) were incidentally diagnosed with 
GISTs.

The median tumor size was 6.3  cm (range: 2.0–
28.0  cm). The tumors were found both located in the 
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Characteristics Without bypass (n = 27) With bypass (n = 23) p-value
Age, years 53 (27–76) 51 (28–76) 0.498
Gender 0.665
   Male 16 (59.3) 15 (65.2)
   Female 11 (40.7) 8 (34.8)
BMI 0.859
   Normal 12 (44.4) 10 (43.5)
   Overweight 12 (44.4) 9 (39.1)
   Obesity 3 (11.1) 4 (17.4)
Symptoms 0.005
   Bleeding 10 (37.0) 3 (13.0)
   Abdominal discomfort 5 (18.5) 12 (52.2)
   Palpable mass 0 3 (13.0)
   Asymptomatic 12 (44.4) 5 (21.7)
Diabetes 0.460
   Yes 0 1 (4.3)
   No 27 (100) 22 (95.7)
Smoking 0.670
   Yes 9 (33.3) 9 (39.1)
   No 18 (66.7) 14 (60.9)
Hemoglobin, g/L 118 (81–166) 118 (69–157) 0.943
Tumor size, cm 6 (2–22) 9 (3–28) 0.005
Risk classification 0.104
   Very low 1 (3.7) 0
   Low 9 (33.3) 3 (13.0)
   Intermediate 0 0
   High 17 (63.0) 20 (87.0)
Location 0.449
   Duodenum 23 (85.2) 22 (95.7)
   Proximal jejunum 4 (14.8) 1 (4.3)
Liver metastases 0.094
   No 18 (66.7) 20 (87.0)
   Yes 9 (33.3) 3 (13.0)
Neoadjuvant therapy 0.449
   No 16 (59.3) 16 (69.6)
   Yes 11 (40.7) 7 (30.4)
ASA 0.225
   I 1 (3.7) 4 (17.4)
   II 24 (88.9) 16 (69.6)
   III 2 (7.4) 3 (13.0)
Operative time, min 230 (100–490) 311 (142–557) 0.017
Intraoperative bleeding, ml 100 (20-2000) 200 (20-3000) 0.084
Multi-visceral resection 0.869
   No 17 (63.0) 15 (65.2)
   Yes 10 (37.0) 8 (34.8)
ICU admission 0.159
   No 25 (92.6) 17 (73.9)
   Yes 2 (7.4) 6 (26.1)
Complication 1.000
   < 3 24 (88.9) 21 (91.3)
   ≥ 3 3 (11.1) 2 (8.7)
Highest body temperature, ℃ 37.8 (36.9–39.1) 37.7 (36.8–39.0) 0.453
Postoperative stays, days 28 (6–75) 14 (10–56) 0.070
DGE 0.028

Table 1 Clinicopathologic characteristics of patients
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duodenum (n = 45) and proximal jejunum (n = 5). Twelve 
patients presented with concurrent liver metastases, and 
18 patients received neoadjuvant therapy. According to 
the modified National Institutes of Health Consensus cri-
teria [21], the patients with very low, low, and high-risk 
GIST were 1 (2%), 12 (24%), and 37 (74%), respectively.

Operative characteristics and complications
Among the 50 patients who underwent segmental duo-
denectomy, 27 underwent duodenojejunostomy without 
gastrojejunostomy, and 23 with an antecolic gastrojeju-
nostomy plus a Braun’s jejunojejunostomy. Regarding 
multi-visceral resection, a total of 30 organs other than 
duodenum and gallbladder in 18 patients were resected, 
including 11 pancreatic resections (7 partial resections 
of head/uncinate process, and four distal pancreatecto-
mies), seven liver resections, ten colectomies, and two 
nephrectomies.

The median operative time in all cases was 272  min 
(range: 100–557  min), and the median estimated blood 
loss was 200 ml (range: 20-3000 ml). Eight patients were 
transferred to the ICU postoperatively, with stays ranging 

only from one to two days. No patients required reopera-
tion, and there was no death within 90 days post-opera-
tion. The median highest body temperature after surgery 
was 37.8  °C (range 36.8–39.1  °C), and the median post-
operative hospital stay was 21 days (6–75 days). Among 
thirteen patients whose postoperative hospital stay 
exceeded 30 days, two patients did not experience grade 
B or C DGE. The primary reasons for their prolonged 
hospital stay were postoperative pneumonia caused by 
a COVID-19 infection and a grade B postoperative pan-
creatic fistula (POPF) leading to an intra-abdominal 
abscess, respectively. The remaining 11 patients expe-
rienced grade B or C DGE. Among them, the extended 
hospital stay of eight patients was primarily due to DGE, 
while two patients had a combination of grade B POPF 
and grade B or C DGE, and one patient had a prolonged 
hospital stay primarily due to an anastomotic leakage of 
the duodenojejunostomy.

The patients’ NGT was removed on a median POD 
length of 7 days (range: 3–70), and ten patients (20%) 
required reinsertion after removal. Thirty patients 
(60%) experienced grade B-C DGE. The incidence of 

Fig. 2 Flow chart of patient selection in the study

 

Characteristics Without bypass (n = 27) With bypass (n = 23) p-value
   0-A 7 (25.9) 13 (56.5)
   B-C 20 (74.1) 10 (43.5)
NGT removal, days 8 (5–70) 7 (3–39) 0.090
NGT reinsertion 0.435
   No 20 (74.1) 20 (87.0)
   Yes 7 (25.9) 3 (13.0)

Table 1 (continued) 
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moderate-severe DGE was significantly lower in the 
bypass group compared to the non-bypass group (43.5% 
vs. 74.1%, p = 0.028). The patients in the bypass group 
had a higher incidence of positive clinical symptoms 
(p = 0.005), larger tumor size (p = 0.005), and longer 
operation times (p = 0.017) (Table 1). Among the patients 
with B-C grade DGE, six patients underwent gastroscopy 
during postoperative hospitalization. Five demonstrated 
patent anastomotic openings without edema on the gas-
troscopies, while one exhibited mucosal edema at the 
anastomotic site of duodenojejunostomy. In addition, six 
patients exhibited radiological evidence of intestinal wall 
thickening and edema at the anastomosis on postopera-
tive CT scans.

Besides DGE, other major postoperative complications 
occurred in five patients (10%) who had all undergone 
multi-visceral resection. The incidence of grade B POPF 
was 27.3% (3/11) in the patients with pancreatic resec-
tion. Two of them developed intra-abdominal abscesses 
that were successfully treated with abdominal paracente-
sis drainage and none progressed to grade C. One patient 
experienced an anastomotic leakage of the duodenojeju-
nostomy detected by UGIS on POD 7. Subsequent CT 
scans of this patient revealed the presence of an abdomi-
nal abscess, which was successfully treated with abdomi-
nal paracentesis drainage, as well as the anastomotic 
leakage. One patient underwent thoracic paracentesis 
drainage because of postoperative atelectasis. All patients 
eventually recovered during their hospital stays.

Predictors of incidence of grade B-C DGE and operating 
time
Univariate and multivariate logistic regression analyses 
revealed that non-bypass surgery was an independent 
risk factor for an increased incidence of grade B-C DGE 
(OR 3.67, 95% CI 1.07–12.64, p = 0.039). No correlation 
was found between the other clinicopathological char-
acteristics and the occurrence of severe DGE, except for 
bypass operations (Table 2).

Univariate analysis showed significant differences in 
operative time based on clinical symptoms (p = 0.002), 
smoking status (p = 0.011), tumor size (p = 0.001), risk 
classification (p = 0.001), bypass (p = 0.033), and multi-vis-
ceral resection (p < 0.001) (Table 3). Subsequent multiple 
linear regression analysis indicated that multi-visceral 
resection (β = 124.626, t = 4.885, p < 0.001), tumor size 
(β = 77.127, t = 3.201, p = 0.002), and clinical symptoms 
(β = -57.864, t = -2.219, p = 0.031) significantly affected 
the operative time (Table 4). Patients undergoing multi-
visceral resection, with tumor size ≥ 6.3 cm, or presenting 
with positive clinical symptoms also had longer operative 
times.

Discussion
In this study, we investigated the significance of adding 
a gastrojejunostomy to distal segmental duodenectomy 
on the effects of DGE and other complications. Firstly, 
by adding a gastrojejunostomy, we found significant evi-
dence signaling it can lower the incidence of DGE. This 
can potentially be explained by the fact that the gastroje-
junostomy creates a direct passage between the stomach 
and the jejunum, facilitating more efficient gastric emp-
tying by reducing the functional load on the pylorus and 
the duodenum, which are often the sites of postoperative 
motility issues. In addition, the gastrojejunostomy may 
mitigate the effects of postoperative inflammation and 
edema around the pyloric and duodenal regions, which 
are common contributors to DGE. By providing an alter-
native route for gastric contents, this procedure may 
help maintain gastrointestinal continuity and function, 
thereby reducing the risk of delayed gastric emptying. 
This improvement in gastric emptying may lead to ear-
lier resumption of oral intake, improved nutritional sta-
tus, and more timely initiation of adjuvant therapies such 
as imatinib. As delayed initiation of adjuvant therapy has 
been associated with poorer outcomes, the use of gastro-
jejunostomy could potentially improve overall treatment 
efficacy and patient prognosis.

Previous studies demonstrate that DGE has a high inci-
dence in distal segmental duodenectomy procedures. 
However, there is currently no established method for 
the prevention of DGE. Kato et al. reported an inci-
dence rate of as high as 42% incidence of grade C DGE 
in a cohort of 24 patients with distal duodenal malignan-
cies who underwent distal segmental duodenectomy. 
Furthermore, compared to side-to-side duodenojeju-
nostomy, other reconstruction techniques, such as end-
to-end or end-to-side anastomosis, were also associated 
with a higher incidence of grade C DGE [11]. However, 
Liu et al. demonstrated the inverse relationship between 
the so-called E-style duodenojejunostomy (end-to-end 
or end-to-side) and the incidence of DGE, with a sig-
nificantly lower rate observed in the E-style group (7.7% 
vs. 52.4%) compared to the side-to-side group [6]. Our 
previous standard protocol for distal segmental duode-
nectomy involved performing an end-to-side duodeno-
jejunostomy without a gastrojejunostomy, which was 
associated with a high incidence of DGE. Evidence from 
prophylactic gastrojejunostomy in patients with unre-
sectable periampullary carcinoma has demonstrated a 
reduction in long-term gastric outlet obstruction [22], 
prompting us to consider whether adding a prophylactic 
gastrojejunostomy to distal duodenectomy could reduce 
the high postoperative incidence of DGE. As a result, 
in this study, patients who underwent gastrojejunos-
tomy experienced a lower incidence of grade B-C DGE, 
which may have contributed to a trend toward shorter 
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postoperative hospital stays. Regarding the operative fea-
ture results, patients who underwent an additional gas-
trojejunostomy had a longer median operation time than 
those who did not. However, statistical analysis indicated 
that the bypass itself was not an independent risk factor 

for prolonged operative time. In fact, the most signifi-
cant risk factors for increased operative time were tumor 
size, multi-visceral resection, and positive symptoms. In 
addition, other surgical parameters, such as intraopera-
tive bleeding and postoperative major complication rates, 

Table 2 Univariate and multivariate logistic regression analysis of the correlation between clinicopathological characteristics and 
incidence of grade B-C DGE
Characteristics Mean (range)/N (%) Univariate Multivariate

OR (95%CI) p-value OR (95%CI) p-value
Age, years 52.5 (27–76) 1.01 (0.97–1.06) 0.609
Gender 0.812
   Female 19 (38) Reference
   Male 31 (62) 1.15 (0.36–3.68)
Symptoms 0.466
   No 17 (34) Reference
   Yes 33 (66) 1.56 (0.47–5.10)
BMI 0.642
   Overweight or obesity 28 (56) Reference
   Normal weight 22 (44) 1.31 (0.42–4.13)
Smoking 0.904
   Yes 18 (36) Reference
   No 32 (64) 0.93 (0.29–3.03)
Hemoglobin, g/L 118 (69–166) 1.00 (0.97–1.02) 0.776
Tumor size, cm 6.3 (2.0–28.0) 0.94 (0.85–1.04) 0.248
Risk classification 0.895
   High 37 (74) Reference
   Very low or low 13 (26) 1.10 (0.30–3.99)
Location 0.348
   Duodenum 45 (90) Reference
   Proximal jejunum 5 (10) 0.41 (0.06–2.67)
Liver metastases 0.892
   Yes 12 (24) Reference
   No 38 (76) 1.10 (0.29–4.10)
Neoadjuvant therapy 0.904
   Yes 18 (36) Reference
   No 32 (64) 0.93 (0.29–3.03)
ASA 0.088 0.104
   III 5 (10) Reference Reference
   I or II 45 (90) 7.25 (0.75–70.51) 7.09 (0.67–75.14)
Operative time, min 272 (100–557) 1.00 (1.00-1.01) 0.219
Intraoperative bleeding, ml 200 (20-3000) 1.00 (0.99-1.00) 0.555
ICU admission 0.169
   Yes 8 (16) Reference
   No 42 (84) 3.00 (0.63–14.34)
Bypass 0.031 0.039
   With 23 (46) Reference Reference
   Without 27 (54) 3.71 (1.13–12.2) 3.67 (1.07–12.64)
Multi-visceral resection 0.904
   Yes 18 (36) Reference
   No 32 (64) 0.93 (0.29–3.03)
Complication 1.000
   ≥ 3 5 (10) Reference
   <3 45 (90) 1.00 (0.15–6.59)
Highest body temperature, ℃ 37.8 (36.8–39.1) 1.88 (0.77–4.63) 0.167
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were not notably increased by the addition of a gastroje-
junostomy and a Braun’s jejunojejunostomy.

There might be a concern that this study didn’t accu-
rately assess the incidence of DGE grade A and the pro-
portion of patients without DGE. As an institutional 
protocol, all patients received postoperative nasogas-
tric decompression and underwent a UGIS until POD 
5–7, and only after that would the decision to remove or 
retain the NGT be made. Notably, as it is a rare entity, 
segmental duodenectomy for duodenal or proximal jeju-
nal GIST is not well studied, especially for patients with 
multi-visceral resections. In our study, the overall rate of 
multi-visceral resection was as high as 30%, with 22% of 
the patients combined with pancreatic resection and 14% 
with liver resection. Hence, implementing a cautious and 
relatively conservative postoperative treatment strategy 
is rational since patient safety is our top priority.

Recently, some reports showed routine UGIS may be 
of limited value for the detection of anastomotic leak-
age after gastric bypass or sleeve gastrectomy as bariat-
ric procedures [23, 24]. Given that duodenal resection 
is more complicated and has higher risks compared to 
bariatric surgery, as well as the potentially catastrophic 
occurrence of an anastomotic fistula of duodenojeju-
nostomy, it is inappropriate to directly apply clinical 
experience from bariatric surgery to postoperative care 
for segmental duodenectomy. In future clinical practice, 
attempts could be made to advance the timing of UGIS 
to POD 4 or earlier to facilitate early removal of NGT in 
those patients who do not experience any grade of DGE; 
it may be helpful to clarify the true incidence of grade A 
DGE, reduce unnecessary gastrointestinal decompres-
sion, and improve recovery strategies, shorten hospital 
stays, and reduce medical costs.

This study has several limitations. First, it is a retro-
spective analysis conducted by a single surgical team. The 
practices and outcomes observed may reflect only our 
specific practice and expertise, limiting the generalizabil-
ity of the study’s conclusions to other settings. However, 
given the rarity of duodenal GISTs within the already rare 
category of GISTs, it is particularly challenging for sur-
geons to conduct prospective randomized trials, mean-
ing starting points must be initialized anyhow to improve 
general clinical understanding of the treatment of this 
disease. Second, the extended study period presents an 
additional challenge, as surgical methods and quality may 
not remain consistent throughout. We must consider the 
potential impact of the team’s learning curve; the surgi-
cal skills, and decision-making abilities of team members. 
These are likely to improve over the study period, and 
consequently, operation times and complication rates 
may gradually decrease, introducing variability that can 
affect the consistency and reliability of the study results. 
Third, the long-term outcomes, complications, and 

Table 3 Correlation between clinicopathological characteristics 
and operative time
Characteristics N (%) Operative time p-value
Age, years 0.955
   <65 12 (24) 280.9 ± 109.8
   ≥65 38 (76) 283.2 ± 125.0
Gender 0.301
   Female 19 (38) 259.9 ± 117.3
   Male 31 (62) 296.6 ± 122.2
Symptoms 0.002
   No 17 (34) 210.2 ± 90.3
   Yes 33 (66) 319.9 ± 118.0
BMI 0.059
   Overweight or obesity 28 (56) 311.1 ± 121.8
   Normal weight 22 (44) 246.4 ± 111.1
Smoking 0.011
   Yes 18 (36) 339.6 ± 125.8
   No 32 (64) 250.6 ± 106.4
Hemoglobin, g/L 0.119
   <118 24 (48) 310.8 ± 138.6
   ≥118 26 (52) 256.6 ± 96.5
Tumor size, cm 0.001
   <6.3 25 (50) 228.3 ± 99.8
   ≥6.3 25 (50) 337.0 ± 116.4
Risk classification 0.001
   High 37 (74) 314.1 ± 116.1
   Very low or low 13 (26) 193.0 ± 84.2
Location 0.709
   Duodenum 45 (90) 280.5 ± 117.8
   Proximal jejunum 5 (10) 302.0 ± 156.7
Liver metastases 0.224
   Yes 12 (24) 327.7 ± 149.8
   No 38 (76) 268.4 ± 108.1
Neoadjuvant therapy 0.297
   Yes 18 (36) 306.6 ± 122.4
   No 32 (64) 269.2 ± 119.2
ASA 0.758
   III 5 (10) 298.6 ± 159.4
   I or II 45 (90) 280.9 ± 117.6
Bypass 0.033
   With 23 (46) 321.7 ± 107.1
   Without 27 (54) 249.3 ± 123.1
Multi-visceral resection < 0.001
   Yes 18 (36) 381.0 ± 108.8
   No 32 (64) 227.3 ± 87.6

Table 4 Multivariate linear regression analysis of the operative 
time
Characteristics B SE β t p-value
Multi-visceral resection 124.626 25.514 0.502 4.885 < 0.001
Tumor size 77.127 24.096 0.323 3.201 0.002
Symptoms -57.864 26.079 -0.230 -2.219 0.031
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potential disadvantages of adding a gastrojejunostomy 
in patients undergoing distal segmental duodenectomy 
remains currently unclear due to low numbers of previ-
ous attempts. However, insights from bariatric surgery 
suggest that bypass procedures may lead to postopera-
tive complications such as malnutrition, gallstones, gas-
tric ulcers, and dumping syndrome [25]. Future research 
should focus on implementing multi-center collaboration 
and involving a larger number of patients with extended 
follow-up periods to achieve more reliable and general-
izable conclusions, with a particular focus on long-term 
gastrointestinal function and nutritional outcomes.

Conclusions
Adding a gastrojejunostomy and Braun’s jejunojejunos-
tomy after distal segmental duodenectomy for duodenal 
and proximal jejunal GIST significantly reduces the inci-
dence of grade B-C DGE. This modification may help to 
facilitate the timely initiation of adjuvant imatinib ther-
apy without increasing intraoperative bleeding or major 
postoperative complication rates. Future studies should 
investigate these findings in a prospective, multicenter 
setting to confirm the effectiveness and safety of this pro-
cedure on patient survivability and recovery.
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