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Original Article

Backgrounds/Aims: Pancreaticoduodenectomy (PD) is commonly performed pancreatic procedure for tumors of periampullary re-
gion. Delayed gastric emptying (DGE) and pancreatic fistula are the most common specific complications following PD. DGE can lead 
to significant morbidity, resulting in prolonged hospital stay and increased cost. Various factors might influence the occurrence of 
DGE. We hypothesized that kinking of jejunal limb could be a cause of DGE post PD.
Methods: Antecolic (AC) and retrocolic (RC) side-to-side gastrojejunostomy (GJ) groups in classical PD were compared for the occur-
rence of DGE in a prospective study. All patients who underwent PD between April 2019 and September 2020 in a tertiary care center 
in south India were included in this study.
Results: After classic PD, RC GJ was found to be superior to AC in terms of DGE rate (26.7% vs. 71.9%) and hospital stay (9 days vs. 11 
days).
Conclusions: Route of reconstruction of GJ can influence the occurrence of DGE as RC anastomosis in classical PD provides the most 
straight route for gastric emptying.
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INTRODUCTION

Pancreaticoduodenectomy (PD) for periampullary tumors is 
a complicated procedure that carries a high morbidity. Delayed 
gastric emptying (DGE) is the most common specific as well as 
avoidable cause of morbidity [1]. Several articles, randomized 
controlled trials (RCTs), and meta-analyses have been pub-
lished on the cause of this avoidable morbidity [2-10]. Unfortu-

nately, none of the aforementioned studies conclusively found 
an avoidable cause.

Definition of DGE provided by the International Study Group 
on Pancreatic Surgery (ISGPS) was used for this study [11]. DGE 
causes including loss of gastric antral pump due to antral vag-
otomy, relative ischemia of gastric antrum, and postoperative 
complications (such as postoperative pancreatitis or pancreatic 
or biliary or enteric leaks) have been suggested. Several authors 
have published their efforts to mitigate DGE by modifying 
intraoperative procedures such as classic versus pylorus-pre-
serving [12], antecolic (AC) versus retrocolic (RC), pancreati-
cogastrostomy versus pancreaticojejunostomy [13], duodenal 
preservation [14], right gastric artery preservation [14], and 
pancreaticojejunostomy stent placement [2]. However, after all 
these efforts, the most effective technique to mitigate DGE after 
PD is still debatable. The route of reconstruction with respect to 
the transverse colon, AC vs. RC route, was focused in this study.

We theorized that, in side-to-side gastrojejunostomy (GJ) 
of classic PD, RC anastomosis would have less angulation and 
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hence more gravity-dependent flow of stomach contents com-
pared to AC anastomosis, which might help decrease DGE.

MATERIALS AND METHODS

A prospective comparative study was conducted in the De-
partment of Surgical Gastroenterology at a tertiary care hos-
pital between April 2019 and September 2021, including all 
patients planned for PD for any indication. Patients who had 
previously undergone any gastric or small bowel surgeries and 
those who were on prolonged postoperative mechanical ven-
tilator were excluded from this study. A prospective study was 
conducted after obtaining approval from institutional research 
and ethics committee vide institutional ethical committee 
number 946. Informed written consent was taken from each 
patient before participating in this study.

Surgical Technique and Data Collection: After resection of the 
specimen, pancreaticojejunostomy (duct-to-mucosa technique) 
and hepaticojejunostomy were completed. A RC limb of the 
jejunum (through mesocolon to the right of the middle colic 
artery) was utilized for pancreatic and biliary anastomosis. Pa-
tients were randomized after completion of resection and after 
confirming the feasibility of both techniques in each patient 
to either AC or RC gastrojejunal anastomosis group based on 
‘blocks of four’ method with an allocation ratio of 1:1. AC or RC 
GJ was done approximately 45 cm from the hepaticojejunosto-
my in two layers spanning 5 to 6 cm using 2/0 polyglactin 910 
and 2/0 polypropylene. In the RC group, the same loop of the 
jejunum was brought up to the stomach through the transverse 
mesocolon through a separate rent in the mesocolon to the left 
of the middle colic artery (Fig. 1). Two abdominal drains were 
placed, one near the pancreaticojejunostomy and other near the 
hepaticojejunostomy. Feeding jejunostomy was done in all cases.

Proton pump inhibitors were administered to all patients 
postoperatively. Nasogastric tube (NGT) was removed pref-
erably on day 1 or 2 once the NGT output was less than 500 
mL. NG was reinserted if patient had vomiting. Feeds through 
feeding jejunostomy tube were started on day 2. Oral liquids 
were started after NGT removal and solid food was started if 

patient could tolerate liquids. Drain fluid amylase concentra-
tion analysis was done on day 3. Drains were removed after 
postoperative day (POD) 3 if drain fluid amylase was normal 
and no biliary fistula was evident.

The day of removal of NGT and the day of resumption of liq-
uid and solid diet were noted. Both drains’ fluid amylase levels 
on POD 3 were measured. Volumes of both drains’ eff luents 
were also recorded postoperatively.

Statistical analysis
A prospective comparative study was conducted. Normally 

distributed continuous variables were compared using the un-
paired t-test, whereas the Mann–Whitney U test was used for 
those variables that were not normally distributed. Categorical 
variables were analyzed using either the chi-square test or Fish-
er’s exact test. For all statistical tests, a p-value of less than 0.05 
was taken to indicate a significant difference. All calculations 
were performed using SPSS ver. 20.0 (IBM Corp.).

RESULTS

A total of 73 patients were included in the study. All patients 
underwent an explorative laparotomy. Of these, 11 patients 
were excluded before randomization because these patients had 
an unresectable disease. Sixty-two patients were randomized 
into two groups: AC (32 patients, 51.6%) and RC (30 patients, 
48.4%) anastomosis. Males accounted for 71.9% (23/32) in the 
AC group and 70.0% (21/30) in the RC group (p = 0.157). Pa-
tient demographics, baseline investigations, ASA grade, intra-
operative characteristics, and postoperative complications were 
comparable in both groups (Table 1).

Thirty-one (50.00%) of 62 patients had NGT removed before 
or on day 3. The median day of NGT removal was the sixth 
POD in AC and the third POD in RC, showing a significant 
difference between the two groups (p  = 0.006). The percent-
age of patients who needed reinsertion of the NGT was not 
significantly different between the two groups (4 patients in 
AC and 2 patients in RC group; p = 0.672). Postoperative en-
doscopy or contrast study was done in 6 patients in AC and 5 
patients in RC group with a p-value of > 0.999. Re-intervention 
was required in 3 patients (1 in the AC group and 2 in the RC 
group, p = 0.607). The median day of solid food intake was the 
ninth POD in the AC group and seventh POD in the RC group, 
showing a significant difference between the two groups (p < 
0.001). Cumulative incidence of DGE in the entire study popu-
lation was 50%. DGE was present in 23 (71.9%) patients in the 
AC group and 8 (26.7%) patients in the RC group, showing a 
significant difference between the two (p = 0.001) (Table 2).

Distribution among grades of DGE was also significant. 
Grade A DGE and Grade B DGE were more in the AC group. 
Grade C DGE was more in the RC group, although the dif-
ference between the two was not statistically significant (p = 
0.189). Median postoperative hospital stay was 11 days in the 

Retrocolic anastomosis Antecolic anastomosis

Fig. 1. Retrocolic and antecolic anastomosis.
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AC group and 9 days in the RC group, showing a significant 
difference (p  = 0.004). Postoperative complications such as 
postoperative pancreatic fistula (POPF), post pancreatectomy 
hemorrhage, surgical site infection, and postoperative mortali-
ty were comparable between the two groups (Table 3).

DISCUSSION

In the present study, 62 patients were randomized into AC (n 
= 32) and RC (n = 30) groups. Overall incidence of DGE in this 
study was 50%, with clinically significant DGE (ISGPS class B 

Table 1. Clinicodemographic and perioperative details

Anastomosis
p-value

Antecolic (n = 32) Retrocolic (n = 30)

Baseline characteristic
   Age 55.59 ± 12.64 56.20 ± 12.14 0.848
   BMI 21.82 ± 4.32 21.22 ± 3.96 0.571
   Hemoglobin (g/dL) 10.84 ± 2.12 11.61 ± 2.41 0.188
   Albumin (g/dL) 3.30 ± 0.48 3.40 ± 0.53 0.44
Laboratory investigations
   Bilirubin (mg/dL) 10.36 ± 9.12 (0.40–32.90) 9.49 ± 7.37 (0.40–24.20) 0.933
      Median (IQR) 9.35 (0.88–15.98) 8.20 (2.78–13.70)
   Alk Po4 (IU/L) 427.88 ± 349.33 (67–1,517) 495.20 ± 305.49 (38–1,025) 0.297
      Median (IQR) 345 (165.50–576.25) 487 (186.25–712.50)
   INR 1.38 ± 0.43 (1.00–2.94) 1.35 ± 0.30 (1.04–2.60) 0.719
      Median (IQR) 1.22 (1.11–1.47) 1.24 (1.15–1.49)
   Creatinine (mg/dL) 0.91 ± 0.46 0.77 ± 0.47 (0.38–3.03) 0.133
      Median (IQR) 0.79 (0.56–1.18) 0.69 (0.55–0.81)
ASA Grade, frequency (%) 0.59
   1 4 (12.50) 6 (20.00)
   2 22 (68.80) 17 (56.70)
   3 6 (18.80) 7 (23.30)
   Total 32 (100) 30 (100)
ECOG, performance status 0.584
   0 7 (21.87) 10 (33.33)
   1 23 (71.87) 18 (60.00)
   2 2 (6.25) 2 (6.67)
   3 0 (0) 0 (0)
   4 0 (0) 0 (0)
Blood loss (mL) 376.56 ± 153.97 324.50 ± 157.42 0.193
Vascular resection (n) 2 patients 0 patients 0.492
POPF, frequency (%) 0.226
   No 12 (37.50) 15 (50.00)
   Yes
      Grades A 15 (46.90) 14 (46.70)
      Grades B 5 (15.60) 1 (3.30)
      Grades C 0 (0) 0 (0)
PPH, frequency (%) 0.238
   No 29 (90.60) 30 (100)
   Yes
      Grades A 3 (9.40) 0 (0)
      Grades B 0 (0) 0 (0)
      Grades C 0 (0) 0 (0)

Values are presented as mean ± standard deviation or number (%).
BMI, body mass index; Alk Po4, alkaline phosphatase; INR, international normalised ratio; ASA, American society of anaesthesiologists; ECOG, Eastern 
cooperative oncology group; POPF, postoperative pancreatic fistula; PPH, post pancreatectomy haemorrhage.
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and C) accounting for 20.96%. The incidence of DGE was sig-
nificantly higher in the AC group (71.9% vs. 26.7%; p = 0.001).
However, POPF, PPH, SSI, and mortality of the two groups 
were similar to each other. Median hospital stay was lower in 
the RC group (9 days vs. 11 days; p = 0.004).

Technical causes of DGE have been studied thoroughly in 
the literature. Significant edema or kinking at GJ at either the 
afferent or efferent limb might be a factor in the development 
of DGE. Several anastomosis methods such as AC/RC end to 
side or side to side in pylorus-preserving/classical PD have 
been tried. Most of those studies aimed to find a cause of DGE. 
However, none of the preventable causes described in the lit-
erature has been proven to be able to prevent DGE except a 
straighter and gravity dependant anastomosis [4,15,16]. The 
present study tried to find a suitable anastomosis in classical 
PD for side-to-side GJ.

Although several studies have published conflicting results 
for gastroenteric anastomosis, few of them support AC anasto-
mosis in end to side GJ in pylorus-preserving PD. It has been 
proposed that vertical anastomosis with less angulation can 
cause less DGE. Kurahara et al. (2011) [9] and Sahora et al. 
(2015) [16] in their respective studies have proven the benefit of 
AC end to side anastomosis over RC in pylorus-preserving PD. 
However, Oida et al. (2012) [10] have retrospectively analyzed 
42 patients of modified subtotal stomach-preserving PD and 
found that RC anastomosis is better. Hu et al. [17] in 2014, Bell 
et al. [18] in 2015, Imamura et al. [19] in 2014, Zhou et al. [20] 
in 2015, Hanna et al. [21] in 2016, and Joliat et al. [22] in 2016 
published meta-analysis and found conflicting results.

As all different studies have performed different types of 
anastomosis in their studies, these studies were not compa-

rable. Changing the anatomy of the anastomosis will result 
in difference in gastric emptying. In side-to-side GJ, gastric 
emptying is gravity dependent, so a straighter and dependent 
anastomosis is preferred.

As this study involved only side-to-side anastomosis, a 
broader and multicenter study with different types of anasto-
mosis is required to test this hypothesis. However, this study 
can provide a roadmap to find the cause of DGE in PD.

One major limitation of this study was that ERAS protocol 
was not adapted for the removal of NGT before the end of an-
esthesia. According to recent ERAS guidelines by Melloul et al. 
[23] in 2020, NGT placed during surgery should be removed 
before the end of the anesthesia. Cao et al. [24] in 2019 stated in 
a meta-analysis of 3,387 patients that pre-emptive use of NGT 
postoperatively did not improve outcomes. In addition, dif-
ferences in rates of DGE were not reduced in the ERAS group. 
There were no significant differences in different grades of 
DGE between the two groups.

To conclude, delayed gastric emptying can cause significant 
morbidity following PD. Route of reconstruction of GJ can in-
fluence the occurrence of DGE. RC reconstruction of side-to-
side GJ has less DGE than AC reconstruction. It is also associ-
ated with a shorter hospital stay in classic PD.
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Table 2. Delayed gastric emptying

Anastomosis

p-valueAntecolic Retrocolic

Mean ± SD Min–max Median (IQR) Mean ± SD Min–max Median (IQR)

Day of NGT removal 6.42 ± 3.99 2–19 6.00 (3.00–8.00) 5.32 ± 5.97 2–23 3.00 (2.00–5.25) 0.006
Liquid diet tolerance (day) 7.94 ± 3.50 4–19 7.00 (6.00–9.00) 5.59 ± 4.47 3–21 4.00 (3.00–5.00) < 0.001
Solid diet tolerance (day) 9.84 ± 3.54 3–20 9.00 (7.00–12.00) 8.04 ± 4.42 5–23 7.00 (6.00–7.00) < 0.001

SD, standard deviation; IQR, interquartile range; NGT, nasogastric tube.

Table 3. Delayed gastric emptying (DGE) grades

DGE grade

Group

p-valueAntecolic  
(n = 32)

Retrocolic  
(n = 30)

A 15 (46.9) 3 (10.0) < 0.001
B 7 (21.9) 1 (3.3) 0.054
C 1 (3.1) 4 (13.3) 0.189

Values are presented as frequency (%).
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