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ABSTRACT 
Context Delayed gastric emptying is a major cause of morbidity following pancreaticoduodenectomy. Objective The impact of a 
Braun enteroenterostomy on delayed gastric emptying, used in reconstruction following classic pancreaticoduodenectomy, was 
assessed. Patients Forty-four consecutive patients undergoing non-pylorus preserving pancreaticoduodenectomy from 2009 to 2011 
by a single surgeon were included in this study. Interventions The first 20 patients had a standard antecolic gastroenterostomy and 
the subsequent 24 had the addition of a Braun enteroenterostomy. Results Patient characteristics, the extent of surgery, surgical 
findings and tumor characteristics were similar between the two groups. The delayed gastric emptying rate in the Braun 
enteroenterostomy (1/24, 4.2%) was significantly lower (P=0.008) than the standard reconstruction group (7/20, 35.0%). In the 
standard group, 6 of 7 cases (85.7%) of delayed gastric emptying were class C in nature. After exclusion of 8 total pancreatectomy 
patients, the pancreatic fistula rate in the Braun enteroenterostomy group (4/19, 21.1%) was similar (0.706) to the standard 
reconstruction group (5/17, 29.4%) as was the median length of hospital stay (10 days vs. 15 days; P=0.291). Braun 
enteroenterostomy technique was the only significant independent factor associated with reduced delayed gastric emptying with an 
odds ratio of 0.08 (95% confidence interval: 0.01-0.73; P=0.025). Conclusion The use of Braun enteroenterostomy following non-
pylorus preserving pancreaticoduodenectomy appears to result in a significant reduction in delayed gastric emptying. 
 
INTRODUCTION 
 
Delayed gastric emptying remains one of the major 
causes of morbidity following pancreatico-
duodenectomy despite continued improvements in 
perioperative patient management [1, 2, 3, 4, 5]. The 
true incidence of delayed gastric emptying until 
recently has been difficult to ascertain due to variations 
in definition [1, 2, 3, 4, 5]. 
Only recently have consensus guidelines been 
established by the International Study Group of 
Pancreatic Surgery (ISGPS) to define delayed gastric 
emptying and grade its severity [6]. Even in large 
series that utilize standard operative and reconstruction 
techniques, there is high variability in the incidence of 

delayed gastric emptying, based on ISGPS criteria, 
ranging from 14% to 45% [7, 8, 9]. It is conceivable 
that despite the set definitions, there may be under-
reporting of delayed gastric emptying. 
The exact cause of delayed gastric emptying following 
pancreaticoduodenectomy appears to be multifactorial 
[10, 11, 12, 13, 14, 15]. Altered neuro-hormonal 
pathways, physiologic response to intra-abdominal 
sepsis or post pancreaticoduodenectomy associated 
acute pancreatitis and anatomic factors appear to play a 
role [16, 17, 18, 19]. Due to a lack of homogeneity 
between groups of patients studied and variations in 
definitions, definite conclusions regarding the variables 
that influence delayed gastric emptying cannot be 
reached [20]. 
Technical factors in the construction of the 
gastroenterostomy or duodenoenterostomy have been 
implicated in the development of delayed gastric 
emptying [16, 21, 22]. Significant edema or kinking at 
this anastomosis at either the afferent or efferent limb 
may be a factor in the development of delayed gastric 
emptying. Any potential obstruction at the level of this 
anastomosis following a standard reconstruction would 
increase biliary and pancreatic anastomotic outflow 
pressures. This could translate to an increase risk of 
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pancreatic and biliary fistula and intra-abdominal 
sepsis. 
Improved function of the gastroenterostomy or 
duodenoenterostomy may be possible with the 
formation enteroenterostomy between the afferent and 
efferent limbs distal to the gastroenterostomy or 
duodenoenterostomy. This was first reported by Braun 
over 100 years ago in the setting of gastric surgery, 
following formation of a gastroenterostomy, to divert 
bile from afferent limb and decrease reflux into the 
stomach [23]. The formation of Braun entero-
enterostomy following classic pancreatico-
duodenectomy potentially stabilizes and reduces 
kinking at the gastroenterostomy. Food passing through 
either the afferent or efferent limbs can progress 
distally through the Braun enteroenterostomy. It also 
directs pancreatic and biliary secretions away from the 
stomach, reducing exposure of the gastric mucosa to 
potentially irritating effects of bile. In cases of edema 
and kinking at the gastroenterostomy, the diverting 
ability of pancreatic and biliary secretions is 
maintained, without pressure increases in the 
biliopancreatic limb. 
A change in reconstruction technique was undertaken 
utilizing the Braun enteroenterostomy following non-
pylorus preserving pancreaticoduodenal resection with 
the aim of reducing delayed gastric emptying. 
 
PATIENTS AND METHODS 
 
Patient Population 
 
All patients undergoing pancreaticoduodenectomy by a 
single surgeon (M.N.) from August 2009 to November 
2011 were included in this study. Forty-four 
consecutive patients were included. To determine any 
possible benefit in delayed gastric emptying rates and 
overall outcomes the addition of Braun 
enteroenterostomy was introduced in August 2010, 
after20 non-pylorus preserving pancreaticoduodenal 
resections had been performed having determined a 
baseline delayed gastric emptying rate. Data were 
collected prospectively. Cross-checks were made 
between prospectively collected data and patient’s 
charts to re-confirm recorded findings. 
 
Pre-Operative Details 
 
Demographic data, laboratory tests and indications for 
surgery were recorded for all patients. Sodium 
picosulfate (Picoprep; Ferring Pharmaceuticals, 
Pymble, NSW, Australia) bowel preparation was 
administered the day prior to surgery. 
 
Operative Details 
 
All surgical procedures involved one lead surgeon 
(M.N.) with the reconstruction technique set-up has 
shown (Figure 1). Prophylactic antibiotics and 
subcutaneous heparin was administered in all cases. 
Antrectomy was performed as routine by use of linear 
stapler. A retrocolic limb jejunum was utilized for the 
pancreatic and biliary anastomoses. An end-to-side 
pancreaticojejunal two-layer anastomosis was formed. 

The internal duct to mucosa reconstruction was created 
with interrupted 5/0 Maxonsutures (Covidien Pty. Ltd., 
Melbourne, Australia). An outer row of interrupted 3/0 
Silk (Covidien Pty. Ltd., Melbourne, Australia) was 
used to approximate the pancreatic capsule 
parenchyma with the jejunal seromuscular layer. An-
end-to-side hepaticojejunostomy was formed 10 to 15 
cm distal to the pancreatic anastomosis using a single 
layer using 5/0 Maxon or 4/0 Vicryl (Johnson and 
Johnson Co., Melbourne, Australia) based on the duct 
diameter. An antecolic limb of intestine was the 
brought up to the stomach to create a 
gastroenterostomy in two-layer fashion spanning 5 to 6 
cm (3/0 Vicryl and 3/0 Silk). A tongue of vascularized 
omentum was fashioned from the greater curve of the 
stomach to lay behind the gastroenterostomy as 
previously described [16]. 
A Braun enteroenterostomy, when performed, was 
constructed approximately 25 cm distal to the 
gastroenterostomy by a side to side stapled 
anastomosis, with two firings of 45 mm length vascular 
stapler in opposite directions. The enterotomy was 
closed in two layers (3/0 Vicryl and 3/0 Silk). The 
defect between the small bowel limbs and the 
mesentery was closed with interrupted 3/0 Silk sutures. 
Approximately 10 to 20 minutes was required to 
complete this anastomosis. 
One round 19F silicon Blake® drain (Johnson and 
Johnson Co., Melbourne, Australia) was placed 
posterior to the biliary and one posterior to the 
pancreatic anastomoses and connected to low pressure 
closed bulb suction. A 16F nasogastric tube was 
inserted and positioned in the gastric fundus before the 
end of the case. 
 

Figure 1. a. Schematic diagram demonstrating that anatomy
following standard reconstruction, with an omental flap positioned
behind the gastrojejunal anastomosis compared to (b.) the anatomy
following reconstruction with the addition of Braun
enteroenterostomy. 
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Post-Operative Details 
 
A standard fast-track management protocol was 
utilized for all patients. Post-operatively all patients 
were treated in an intensive care unit (ICU) setting for 
only the first 12 to 24 hours, unless further monitoring 
was required. Antibiotics were ceased after 24 hours. 
Nasogastric tubes were routinely removed day 1 post 
operatively. A liquid diet was commenced day 2 post 
operatively. There was progression from fluid intake to 
a soft diet as tolerated over the next few days. The right 
and left drains were checked for amylase and bilirubin 
at day 5 and were removed if there was no evidence of 
any pancreatic or biliary leakage. In all cases 
erythromycin lactobionate (Link Medical Products Pty. 
Ltd, Clareville, NSW, Australia) was given 
intravenously at 200 mg every 6 hours starting on day 
2 post-operatively and continued until a soft diet was 
tolerated. Jejunal feeding tubes were only inserted in 
patients considered to be malnourished and in whom a 
period of additional nutritional supplementation was 
through be required. A proton pump inhibitor was 
administered intravenously following surgery and 
converted to oral dosage once a diet was tolerated and 
continued for at least two weeks post discharge. 
Pancreatic enzyme supplements were prescribed once a 
soft diet was commenced. This was continued post-
operatively with the dosage altered according to 

symptoms. Tight serum glucose control was 
maintained post-operatively by use of an insulin sliding 
scale. Patients were discharged after day 7 if they were 
self-caring, had no evidence of an infection and were 
tolerating a diet. 
Operative details including operative time, estimated 
blood loss, pancreatic texture and pancreatic duct 
diameter were recorded.  
Complications  
The primary end point of this study was delayed gastric 
emptying. This was defined according to the 
International Study Group of Pancreatic Surgery 
(ISGPS) as the inability to return to a standard diet by 
day 7 post-operatively or reinsertion of a nasogastric 
tube prior to this period [6]. In cases of delayed gastric 
emptying the severity was defined. All other specific 
complications were defined according to ISGPS 
criteria where available [8, 24]. In particular, 
pancreatic fistula was defined as any measurable 
amount of fluid after post-operative day 3 with an 
amylase level 3 times or greater than serum amylase 
[25]. Patients in whom intra-abdominal collections 
required drainage in the perioperative period were 
considered to have high impact pancreatic fistula, 
unless another explanation was clearly available. 
Mortality was defined as death within 30 days after 
surgery. 

Table 1. Characteristics of patients undergoing pancreaticoduodenal resection with standard reconstruction or with Braun enteroenterostomy. 
Frequencies or median (range) values are reported. 
 Overall 

(n=44) 
Braun enteroenterostomy 

(n=24) 
Standard reconstruction 

(n=20) 
P value 

Patient characteristics     

Male gender 29 (65.9%) 15 (62.5%) 14 (70.0%) 0.752 a 

Age (year) 69 (45-84) 67 (45-81) 70 (50-84) 0.220 b 

BMI (kg/m2) 25 (17-42) 24 (19-42) 26 (17-32) 0.540 b 

ASA class: 
- I 
- II 
- III 

 
1 (2.3%) 

13 (20.5%) 
30 (68.2%) 

 
1 (4.2%) 
9 (37.5%) 
14 (58.3%) 

 
0 

4 (20.0%) 
16 (80.0%) 

0.105 c 

Biliary stent 14 (31.8%) 8 (33,3%) 6 (30.0%) 1.000 a 

Diabetes 14 (31.8%) 7 (29.2%) 7 (35.0%) 0.752 a 

History of pancreatitis 4 (9.1%) 2 (8.3%) 2 (10.0%) 1.000 a 

Preoperative laboratory tests     

Hemoglobin (g/L) 129 (89-166) 130 (94-152) 124 (89-166) 0.509 b 

White cell count (x109/L) 6.9 (3.4-12.0) 6.9 (3.8-12.0) 6.9 (3.4-10.6) 0.814 b 

Platelets (x109/L) 285 (161-679) 257 (174-459) 315 (161-679) 0.081 b 

C-reactive protein (CRP, mg/L) d 5 (1-93) 5 (1-42) 8 (1-93) 0.385 b 

Bilirubin (µmol/L) 26 (4-405) 15 (4-233) 54 (4-405) 0.036 b 

Albumin (g/L) 35 (25-44) 41 (25-44) 34 (26-43) 0.007 b 

Urea (mmol/L) 5.1 (1.9-12.8) 5.2 (1.9-9.7) 4.9 (2.1-12.8) 0.612 b 

Creatinine (µmol/L) 72 (22-256) 63 (22-111) 76 (30-156) 0.172 b 

CEA (µg/L) e 2.3 (0.6-150.2) 2.3 (0.6-150.2) 2.5 (0.8-10.1) 0.843 b 

CA 19-9 (U/mL) f 50 (1-4,890) 51.5 (3-3,501) 49 (1-4,890) 0.620 b 
ASA: American Society of Anesthesiologists; BMI: body mass index; CA 19-9: carbohydrate antigen 19-9; CEA: carcinoembryonic antigen 
a Fisher’s exact test 
b Mann-Whitney test 
c Linear-by-linear association test 
Missing values: dC-reactive protein, n=10; eCEA, n=9; fCA 19-9, n=9 
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ETHICS 
 
Institutional review board (IRB) approval was obtained 
for review of patient data and conforms to the ethical 
guidelines of the “World Medical Association (WMA) 
Declaration of Helsinki - Ethical Principles for Medical 
Research Involving Human Subjects” adopted by the 
18th WMA General Assembly, Helsinki, Finland, June 
1964 and amended by the 59th WMA General 
Assembly, Seoul, South Korea, October 2008. 
Standard consent for surgery was undertaken. 
 
STATISTICS 
 
Results were expressed as median (range) unless 
otherwise stated. Comparisons between categorical 
variables were determined by the chi square, the linear-
by-linear association and the Fisher’s exact tests as 
appropriate. Non-categorical variables were assessed 
by the Mann-Whitney U test. Multivariate analysis 
using a backward regression model was undertaken to 
determine factors independently associated with 
delayed gastric emptying including all factors where 
the P value was less than 0.1 on univariate analysis. A 
statistical software package (SPSS Version 18.0, 

Chicago, IL, USA) was used for statistical analysis, 
with P<0.05 considered statistically significant. 
 
RESULTS 
 
Patient Characteristics 
 
The characteristics of the patient treated in each group 
are shown in Table 1. There were 24 patients in the 
Braun enteroenterostomy group and 20 in the standard 
reconstruction group during the study period. There 
were no significant differences in demographic 
characteristics. The median bilirubin level at the time 
of diagnosis was significantly lower in the Braun 
enteroenterostomy group (15 µmol/L, range: 4-233 
µmol/L vs. 54 µmol/L, range: 4-405 µmol/L; P=0.036), 
while the albumin level was significantly higher (41 
g/L , range: 25-44 g/L vs. 34 g/L, range: 26-43 g/L; 
P=0.007). There were no other significant differences 
in laboratory variables. 
 
Operative and Perioperative Variables 
 
Operative and perioperative details are summarized in 
Table 2. In this series the main tumor location was 
within the pancreatic uncinate process in 40.9% of 

Table 2. Operative details of patients undergoing pancreaticoduodenal resection with or without Braun enteroenterostomy. Frequencies or median 
(range) values are reported. 
 Overall 

(n=44) 
Braun enteroenterostomy 

(n=24) 
Standard reconstruction 

(n=20) 
P value 

Operative details     

Malignancy 36 (81.8%) 18 (75.0%) 18 (90.0%) 0.259 a 

Total pancreatectomy 8 (18.2%) 5 (20.8%) 3 (15.0%) 0.710 a 

Additional organ resection 12 (27.3%) 8 (33.3%) 4 (20.0%) 0.498 a 

Portal vein/SMV resection: 
- Complete 
- Partial 
- No resection 

 
3 (6.8%) 
6 (13.6%) 
35 (79.5% 

 
2 (8.3%) 
3 (12.5%) 
19 (79.2%) 

 
1 (5.0%) 
3 (15.0%) 
16 (80.0%) 

0.892 b 

Main location of tumor: 
- Pancreatic head 
- Pancreatic uncinate 
- Pancreatic neck/body 
- Other 

 
9 (20.5%) 
18 (40.9%) 
9 (20.5%) 
8 (18.2%) 

 
4 (16.7%) 
10 (41.7%) 
5 (20.8%) 
5 (20.8%) 

 
5 (25.0%) 
8 (40.0%) 
4 (20.0%) 
3 (15.0%) 

0.900 b 

Pancreas soft 21 (47.7%) 12 (50.0%) 9 (45.0%) 0.771 a 

Pancreatic duct diameter (≤3 mm) d 28/36 (77.8%) 15/19 (78.9%) 13/17 (76.5%) 1.000 a 

Number of nodes retrieved 14 (5-55) 16 (5-55) 11 (5-31) 0.211 c 

Positive resection margins 6 (13.6%) 3 (12.5%) 3 (15.0%) 1.000 a 

Estimated blood loss (mL) 400 (100-1,500) 325 (100-1,500) 450 (100-1,500) 0.040 c 

Blood transfusions intraoperative 8 (18.2%) 4 (16.7%) 4 (20.0%) 1.000 a 

Operative time (hours) 8.5 (4-21) 8 (6.5-12) 9 (6-18) 0.137 c 

Feeding jejunostomy 5 (11.4%) 1 (4.2%) 4 (20.0%) 0.160 a 

Post-operative details     

Days in SICU 1 (1-5) 1 (1-5) 1 (1-5) 0.833 c 

Nasogastric removal day 1 post surgery e 39/43 (88.6%) 22/23 (95.7%) 17/20 (85.0%) 0.323 a 

Need for TPN 7 (15.9%) 1 (4.2%) 6 (30.0%) 0.035 a 

Discharged home 39 (88.6%) 22 (91.7%) 17 (85.0%) 0.646 a 

Length of stay (days) 11 (7-45) 10 (7-38) 15 (7-45) 0.291 c 
SICU: surgical intensive care unit; SMV: superior mesenteric vein; TPN: total parenteral nutrition 
a Fisher’s exact test 
b Pearson chi-square 
c Mann-Whitney test 
Missing values: dpancreatic duct diameter, n=8; enasogastric tube: no tube inserted in 1 patient 
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cases. There were no major differences between the 
groups in terms of tumor type, location, pancreatic 
texture, pancreatic duct size, resection margins and the 
number of nodes harvested. The median estimated 
blood loss was lower in the Braun enteroenterostomy 
group (325 mL, range: 100-1,500 mL vs. 450 mL, 
range: 100-1,500 mL; P=0.040); however, the 
intraoperative blood transfusion requirements were 
similar. Post-operative length of intensive care stay and 
overall length of hospital stay was similar. Patients in 
the Braun enteroenterostomy group less frequently 
required total parenteral nutrition (TPN) during the 
course of their management (1/24, 4.2% vs. 6/20, 
30.0%; P=0.035). 
 
Complications 
 
Complication data are shown in Table 3. There was 
one mortality in the standard reconstruction group in 
this series (4.2%). This was in a 65-year-old patient 
with advanced bile duct cancer treated by right 
trisegmental and caudate liver resection combined with 
pancreaticoduodenectomy. The patient died of massive 
sudden intra-abdominal hemorrhage at day 8 post 
operatively, presumed secondary to ruptured 
pseudoaneurysm. 
Overall complications between the groups were similar 
except for delayed gastric emptying. The delayed 
gastric emptying rate was significantly lower in the 
Braun enteroenterostomy group (1/24, 4.2% versus 
7/20, 35.0%; P=0.008). In the Braun enteroenterostomy 
group delayed gastric emptying occurred in a 78-year-
old man following a total pancreatectomy performed 
for multifocal intraductal mucinous neoplasia. The 

patient had long-standing insulin dependent diabetes 
pre-operatively. Post operatively he developed 
significant gastro-intestinal bleeding of unknown 
etiology. There was no evidence of pseudoaneurysm on 
CT imaging and upper gastrointestinal endoscopy 
showed no evidence of bleeding and patent 
gastroenterostomy. The bleeding stopped without 
treatment, but the patient developed significant delayed 
gastric emptying and required several weeks of TPN 
before return of normal gastric functioning. None of 
the three patients undergoing total pancreatectomy in 
the first 20 patients prior to the introduction of Braun 
enteroenterostomy had delayed gastric emptying. 
The overall pancreatic fistula rate excluding the eight 
patients who had a total pancreatectomy in this series 
was 25.0%. The fistula was graded as class A in 33.3% 
of cases. There were no significant differences between 
the groups, although in the Braun enteroenterostomy 
group 50.0% of fistulas were class A compared to 
20.0% in the standard group. 
There were no other significant differences in 
complications between the groups. No complication 
was attributed to Braun enteroenterostomy. 
Readmission rates were similar between the groups. 
 
Factors Associated with Delayed Gastric Emptying 
 
The association of various factors with delayed gastric 
emptying by univariate analysis is shown in Table 4. 
Braun enteroenterostomy was the only significant 
factor associated with delayed gastric emptying with an 
odds ratio of 0.08 (95% confidence interval: 0.01-0.73) 
(P=0.015). A trend toward increased delayed gastric 
emptying was noted in patients with intra-abdominal 

Table 3. Complications of pancreaticoduodenal resection according to reconstruction technique. Frequencies reported. 
 Overall 

(n=44) 
Braun enteroenterostomy 

(n=24) 
Standard reconstruction 

(n=20) 
P value 

Patients with complications 18 (40.9%) 9 (37.5%) 9 (45.0%) 0.760 a 

Delayed gastric emptying: 

- Class B 
- Class C 

8 (18.2%) 

1 (12.5%) 
7 (87.5%) 

1 (4.2%) 

0 
1 (100%) 

7 (35.0%) 

1 (14.3%) 
6 (85.7%) 

0.008 a 

1.000 a 

Pancreatic fistula: d 

- Class A 
- Class B 
- Class C 

9/36 (25.0%) 

3 (33.3%) 
4 (44.4%) 
2 (22.2%) 

4/19 (21.1%) 

2 (50.0%) 
1 (25.0%) 
1 (25.0%) 

5/17 (29.4%) 

1 (20.0%) 
3 (60.0%) 
1 (20.0%) 

0.706 a 

0.634 b 

Type of complication: 
- Wound infections 
- Post-operative bleeding 
- Intra-abdominal abscess 
- Pneumonia 
- Urinary tract infection 
- Thromboembolic 
- Other 

 
7 (15.9%) 
3 (6.8%) 
6 (13.6%) 
6 (13.6%) 
1 (2.3%) 
2 (4.5%) 
2 (4.5%) 

 
4 (16.7%) 
2 (8.3%) 
2 (8.3%) 
4 (16.7%) 

0 
1 (4.2%) 
2 (8.3%) 

 
3 (15.0%) 
1 (5.0%) 
4 (20.0%) 
2 (10.0%) 
1 (5.0%) 
1 (5.0%) 

0 

 
1.000 a 
1.000 a 
0.387 a 
0.673 a 
0.455 a 
1.000 a 
0.493 a 

Reoperation 1 (2.3%) 0 1 (5.0%) 0.455 a 

Readmission: 

- Abdominal pain 
- Infective complication 
- Other 

7 (15.9%) 

3 (42.9%) 
3 (42.9%) 
1 (14.3%) 

4 (16.7%) 

1 (25.0%) 
3 (75.0%) 

0 

3 (15.0%) 

2 (66.7%) 
0 

1 (33.3%) 

1.000 a 

0.118 c 

a Fisher’s exact test 
b Linear-by-linear association 
c Pearson chi-square 
d Eight total pancreatectomy patients were excluded 
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collections, with an odds ratio of 6.60 (95% confidence 
interval: 1.03-42.2) (P=0.063). At multivariate analysis 
(including Braun enteroenterostomy and intra-
abdominal infection as the factors with a significance 
of p<0.1) Braun enteroenterostomy was the only 
independent factor associated with reduced delayed 
gastric emptying with an odds ratio of 0.08 (95% 
confidence interval: 0.01-0.73) (P=0.025). 
 
DISCUSSION 
 
Delayed gastric emptying continues to be a common 
problem after pancreaticoduodenal resection. The 
incidence is higher than previously reported if it is 
defined using strict ISGPS criteria in centers 
performing standard pancreaticoduodenal resection and 
reconstruction techniques [7, 8, 9]. Theories regarding 
the causes of delayed gastric emptying include: pyloric, 
antral and duodenal ischemia [26, 27], gastroparesis 
related to abdominal complications [10, 12, 28, 29, 30, 
31, 32], post-operative pancreatitis associated 
pancreatic leak or ilues [19, 33], disruption of hormone 
and neuronal homeostasis mechanisms [12, 15, 17, 20, 
34, 35, 36, 37, 38, 39], pylorspasm [18, 40] and torsion 
or angulation at the gastroenterostomy or 
duodenoenterostomy [21, 26, 41]. 
In our study all patients underwent antral resection as 
the preferred technique. This allowed consistent 
gastrojejunostomy reconstruction with no major issues 
regarding anastomotic blood supply. We acknowledge 

that there are some reports of long-term advantages of 
pylorus preservation, including earlier recovery of 
body weight, reduced diarrhea, and reduction in 
dumping symptoms [32, 42, 43]. This is however not 
supported by all studies [44]. Several studies have 
suggested decreased delayed gastric emptying antral 
resection [45, 46, 47]. However, most large series 
suggest that there is no difference in delayed gastric 
emptying between pylorus preservation and antral 
resection [48, 49]. 
A change in technique was performed in an attempt to 
reduce delayed gastric emptying rates. All operations 
were performed using the same technique, with the 
only difference being the addition of Braun 
enteroenterostomy in some patients. It could however 
be argued that improvements in results may reflect a 
learning curve [50]. All these cases were performed by 
one surgeon after completion of fellowship training in 
high volume pancreatic surgery centers. A learning 
curve is unlikely to provide an adequate explanation, 
given that all other complications remained the same, 
including the overall pancreatic fistula rate. There was 
a reduction in estimated blood loss in the Braun 
enteroenterostomy group, which was not clinically 
significant. We acknowledge that our study suffers 
from a lack of randomization and it was performed in a 
single institution during two separate time periods. All 
patients however had a uniform operative technique 
and there was no selective use of a particular method, 

Table 4. Univariate analysis of factors associated with delayed gastric emptying. 
 No delayed gastric emptying 

(n=36) 
Delayed gastric emptying 

(n=8) 
Odds ratio 

(95% confidence interval) 
P value a 

Demographics     

Male gender 23 (63.9%) 6 (75.0%) 1.70 (0.30-9.65) 0.695 

BMI ≥30 kg/m2 3 (8.3%) 1 (12.5%) 1.57 (0.14-17.4) 0.566 

Age ≥ 70 years 14 (38.9%) 5 (62.5%) 2.62 (0.54-12.7) 0.262 

Clinical data     

Preoperative diabetes 12 (33.3%) 2 (25.0%) 0.67 (0.12-3.81) 1.000 

ASA score III/IV 24 (66.7%) 6 (75.0%) 1.50 (0.26-8.58) 1.000 

Biliary stent 12 (33.3%) 2 (25.0%) 0.67 (0.12-3.81) 1.000 

Bilirubin ≥60 µmol/L 10 (27.8%) 4 (50.0%) 2.60 (0.54-12.4) 0.242 

Albumin <30 g/L) 4 (11.1%) 3 (37.5%) 4.80 (0.82-28.2) 0.100 

Pathology     

Malignancy 31 (86.1%) 5 (62.5%) 0.27 (0.05-1.49) 0.145 

Soft pancreas 16 (44.4%) 5 (62.5%) 2.08 (0.43-10.1) 0.448 

Operative details     

Time ≥10 hours 11 (30.6%) 4 (50.0%) 2.27 (0.48-10.8) 0.414 

Blood loss ≥1,000 mL 4 (11.1%) 1 (12.5%) 1.14 (0.11-11.85) 1.000 

Blood transfusion intraoperative 6 (16.7%) 2 (25.0%) 1.67 (0.27-10.3) 0.623 

Feeding jejunostomy 4 (11.1%) 2 (25.0%) 2.67 (0.40-18.0) 0.297 

Braun technique 23 (63.9%) 1 (12.5%) 0.08 (0.01-0.73) 0.015 

Post-operative details     

Pancreatic fistula 6 (16.7%) 3 (37.5%) 3.0 (0.56-16.1) 0.329 

Intra-abdominal collection 3 (8.3%) 3 (37.5%) 6.60 (1.03-42.2) 0.063 
ASA: American Society of Anesthesiologists; BMI- body mass index 
a Fisher’s exact test 
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with the first 20 consecutive patients treated by 
standard reconstruction and the next 24 consecutive 
patients having the addition of a Braun 
enteroenterostomy. In this series there was a planned 
change of technique to determine if there was benefit in 
performing a Braun enteroenterostomy, rather than a 
change of technique due to the discovery of a particular 
problem. No patients were excluded from this study. 
The Braun enteroenterostomy has several potential 
benefits. Once the Braun enteroenterostomy 
anastomosis is completed and the space between the 
mesenteric limbs is closed with sutures, this tends to 
stabilize the afferent and efferent limbs of the 
gastrojejunostomy. The gastrojejunostomy itself 
becomes more stabilized, with a low tendency to twist 
and angulate. In cases of an obstruction at the level of 
the gastroenterostomy, the Braun enteroenterostomy 
ensures that there is no increase in pressure in the 
biliopancreatic limb. This may theoretically reduce the 
incidence or severity of a pancreatic fistula, although a 
difference in pancreatic fistula rate was not observed in 
our series. The Braun enteroenterostomy, as with a 
Roux-en-Y anastomosis reduces alkaline reflux into the 
stomach, which may have an irritant effect. The lack of 
division of the small bowel in cases of Braun 
enteroenterostomy avoids disruption of myoelectric 
activity of the gut [51]. The Braun enteroenterostomy 
allows a gastric content that passes into either the 
efferent or afferent limb of the gastroenterostomy to 
pass distally unimpeded. Kinking at either of these 
limbs alone theoretically would not alter gastric 
emptying in these circumstances. 
There is one report by Hochwald et al. of the use of 
Braun enteroenterostomy following pancreatico-
duodenectomy to reduce delayed gastric emptying [52]. 
Five different surgeons contributed to this study with 
slight variations on management protocols. The study 
examined patients undergoing classic pancreatico-
duodenectomy over a five-year period from 2001 to 
2006. There were 35 patients undergoing standard 
reconstruction compared to 70 with the addition of 
Braun enteroenterostomy, with a significant reduction 
in delayed gastric emptying (10% versus 26%; 
P<0.05). This was based on a delayed gastric emptying 
definition of an inability to take liquid or solid food by 
postoperative day 10. When the ISGPS definition was 
used the delayed gastric emptying rate increased, but it 
remained lower in the Braun enteroenterostomy group 
(36% versus 60%; P=0.02). Multivariate analysis was 
not utilized to examine for factors associated with 
delayed gastric emptying. Our report of delayed gastric 
emptying based on the ISPS criteria was lower than 
this study. The technique utilized in our series was 
similar to that reported by Hochwald et al., with the 
exception of placement of a vascularized omental 
pedicle behind the gastroenterostomy and routine 
administration of erythromycin post-operatively. 
There is also a report of reduced delayed gastric 
emptying in small cohort study utilizing a Braun 
enteroenterostomy with stapling of the afferent limb of 

the gastrojejunostomy in the setting of classic 
pancreaticoduodenal resection [53]. This 
reconstruction, referred to as uncut Roux-en-Y 
gastrojejunostomy, was utilized in 13 patients without 
any case of delayed gastric emptying. The authors of 
that paper felt that this reconstruction was better than a 
standard Roux-en-Y reconstruction as it maintained the 
small bowel integrity, and did not disrupt the 
myoelectric activity of the small bowel. We do not 
consider stapling the afferent limb of the 
gastrojejunostomy to be of any benefit, as this limb 
provides a route through which gastric contents can 
pass in cases of kinking or obstruction of the efferent 
limb. 
 
CONCLUSION 
 
Our study suggests that the use of Braun 
enteroenterostomy leads to significant reductions in the 
incidence of delayed gastric emptying following 
pancreaticoduodenal resection. The technique adds 
very little to overall operative time and itself does not 
appear to cause increased morbidity. A randomized 
control trial is required to fully confirm the potential 
advantages of Braun enteroenterostomy in reducing 
delayed gastric emptying. 
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