Does Braun anastomosis have an impact on the incidence of delayed gastric emptying
and the extent of intragastric bile reflux following pancreatoduodenectomy?: A
randomized controlled study.
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Original Papers
ABSTRACT
Background/Aims: This study investigated the impact of Braun anastomosis on the incidence
of delayed gastric emptying (DGE) and on the intragastric bile reflux after
5

pancreatoduodenectomy with Child reconstruction.
Methods: Sixty-eight patients who underwent subtotal stomach-preserving
pancreatoduodenectomy were included. Patients were randomly assigned to a group with or
without Braun anastomosis intraoperatively. Twenty-four-hour intragastric bilirubin
monitoring was performed to investigate the extent of intragastric bile reflux after surgery.
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The incidence of DGE and other complications were also monitored.
Results: There were no differences between the non-Braun and Braun groups in terms of
patient characteristics. The incidence rate of DGE was 29.4% (n=10/34) in the non-Braun
group and 20.6% (n=7/34) in the Braun group (P=0.401). Forty-six of the 68 patients
consented to intragastric bilirubin monitoring. The fraction time of intragastric bilirubin reflux

15

was comparable between the two groups. Although the fraction time of intragastric bilirubin
reflux had no impact on the incidence of DGE, the incidence of pancreatic fistula was
significantly higher in patients with DGE than those without DGE (47.1% vs. 21.6%,
p=0.043).
Conclusion: The addition of Braun anastomosis after pancreatoduodenectomy did not
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effectively reduce the intragastric bile reflux and had minor impact in reducing the incidence
of DGE.
2

INTRODUCTION
Pancreatoduodenectomy is the standard treatment for malignant and benign diseases
in the pancreatic head, duodenum, and periampullary region. This treatment is a highly
invasive surgical procedure that exhibits a high incidence of postoperative complications [1].
5

Delayed gastric emptying (DGE) is one of the most common postoperative complications
with an reported incidence rate of 19% to 57% [2-5]. DGE is not a life-threatening condition,
but it leads to a longer hospital stay [6] and aggravate quality of life in the postoperative
period [7].
Two meta-analyses on the impact of Braun anastomosis on the incidence of DGE
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after pancreatoduodenectomy were published recently [8, 9]. Both studies concluded that the
Braun anastomosis was beneficial in reducing the incidence of DGE and shortening
postoperative hospital stay, but all of the studies included in these meta-analyses were
retrospective ones, and no randomized-controlled trial was included. Some previous studies
speculated that the prevention of bile reflux by Braun anastomosis may be involved in the
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mechanism of the reduced incidence of DGE [7, 10]. However, no previous report compared
the extent of real-time bile reflux into the stomach between pancreatoduodenectomy
procedures with and without Braun anastomosis [7, 10-12].
The present study randomly assigned patients who underwent
pancreatoduodenectomy into groups with and without Braun anastomosis and the impact of
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Braun anastomosis on the incidence of DGE was investigated. Additionally, in some
consented patients, twenty-four-hour intragastric bilirubin concentration was monitored after
3

surgery to determine the impact of Braun anastomosis on bile reflux into the stomach.

PATIENTS AND METHODS
Patients
5

All patients who were scheduled to undergo pancreatoduodenectomy at the First
Department of Surgery, Nagoya University Hospital from August 2011 to February 2016 were
eligible to participate in this study. Written informed consent for participation was obtained
from each patient prior to enrollment. The Human Research Review Committee of Nagoya
University Hospital approved the study, and it is registered in the University Hospital Medical
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Information Network (http://www.umin.ac.jp; registration number ID 000006093). The
following exclusion criteria were used: young patients (less than 20 years old), patients with
severe comorbidities, and patients who declined to participate. Patients were randomized to
the with or without Braun anastomosis group. For patients who agreed to participate to the
study, randomization was performed during surgery when an operating surgeon decided the
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case was possible to resect. The primary endpoint was the incidence of DGE. The secondary
end points were intragastric bilirubin reflux, operation time, intraoperative bleeding, the
incidence of other postoperative complications, including pancreatic fistula, and hospital stay
after surgery.
Surgical techniques
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All patients underwent a subtotal stomach-preserving pancreatoduodenectomy. The
intestinal length between the choledocho-jejunostomy and the gastrojejunostomy was set as
4

60 cm, and Braun enteroenterostomy was added in the Braun group 20 cm distal to the
gastrojejunostomy with an approximately 3 cm anastomotic orifice. Gastrojejunostomy was
performed in an antecolic fashion in all patients. A feeding tube was inserted 20 cm distal to
the choledochojejunostomy (Supplementary Figure 1A, 1B). In all patients, the stent for
5

choledocho-jejunostomy was not used.
Twenty-four-hour intragastric bilirubin monitoring
Patients who consented to undergo 24-hour intragastric bilirubin monitoring were
subjected to this test. Because this is some invasive test with an insertion of monitoring probe
into the stomach, the test was performed when patients’ food intake was stabilized and other
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complications such as pancreatic fistula was subsided after surgery. The concentration of
intragastric bilirubin was measured using a fiber optic sensor (Bilitec 2000, Medtronic
Functional Diagnostics A/S, Denmark). This system is based on the use of a fiber optic sensor
that utilizes the optical properties of bile [13]. The tip of the sensor was installed 7 cm distal
to the cardia within the stomach via the nose, and bilirubin absorbance was measured using
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this sensor. The working range of the sensor is 2.5-100 mol/l bilirubin concentration, which
corresponds to the absorbance values of 0.017 to 0.610 on the fiber optic system [13]. The
threshold of the absorbance value for the presence of clinically significant intragastric
bilirubin reflux was set as 0.14 as previously described [14]. The percentage time with
bilirubin absorbance levels during 24 hours was calculated as a fraction time of bilirubin
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reflux [15].
Analyzed Factors
5

Preoperative characteristics, including the patient’s age, gender, body mass index
(BMI), and comorbidities (diabetes mellitus and pancreatitis), were recorded. Intraoperative
parameters, such as blood loss, operation time, portal vein resection, and pancreatic texture
(soft or hard), were also recorded. The incidence of DGE, pancreatic fistula, and other
5

complications were monitored. DGE and pancreatic fistula was defined according to
consensus definition and the clinical grading proposed by the International Study Group of
Pancreatic Surgery (ISGPS) [2, 16]. In this study, Grade B or C DGE and pancreatic fistula
according to the ISGPS definition were considered as clinically significant DGE and
pancreatic fistula, respectively. Other postoperative complications were graded using the
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Clavien-Dindo classification [17].
Statistical analysis
The number of patients required for this study to achieve statistical validity (2-sided)
was calculated based on previous findings of a reduced incidence rate of DGE by adding
Braun anastomosis [7]. We assumed that the incidence rate of DGE was reduced from 35% in
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the non-Braun group to 10% in the Braun group. The  value was set at 0.05, and the  value
was set at 0.20 with a power of 80%. The calculations revealed that 34 patients were required
in each arm of the study. Continuous data are expressed as medians (range), and results were
analyzed using the non-parametric Wilcoxon rank-sum test. The 2 test was used to analyze
categorical variables. A multivariate analysis was performed using a logistic regression
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model. Variables with P <0.200 in univariate analyses were used in a multivariate logistic
regression analysis to identify independent predictors. A result was considered statistically
6

significant when P<0.05. The data were analyzed using JMP® version 11 for Windows® (SAS
Institute, Cary, North Carolina, USA).

RESULTS
5

A total of 123 consecutive subtotal stomach preserving pancreatoduodenectomy were
performed at the authors’ hospital from August 2011 to February 2016. 5 patients were not
meeting inclusion criteria, and 50 patients declined to participate in this study. Consent to
participate in the study was obtained from 68 patients, and then they were randomized into the
non-Braun (n=34) or Braun (n=34) group. Forty-six patients consented to undergo 24-hour
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bilirubin monitoring (non-Braun, n=22; Braun, n=24) (Figure 1).
Preoperative and intraoperative factors (non-Braun vs. Braun)
There were no statistically significant differences between the non-Braun and Braun
groups in preoperative patient characteristics, such as age, gender, BMI, preoperative
diagnosis, biliary drainage, history of diabetes, HbA1c levels, pancreatitis, and the main
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pancreatic duct diameter (Table 1).
Intraoperative blood loss, the rate of intraoperative allogeneic blood transfusion, and
operation time were not significantly different between the two groups (Table 1). Operation
time was slightly longer in the Braun group than the non-Braun group, but this difference was
not statistically significant (P=0.544). The type of pacreaticojejunostomies, the rate of portal
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vein resection due to cancer invasion, and the rate of soft pancreatic texture were not
significantly different between the two groups.
7

Postoperative factors (non-Braun vs. Braun)
No surgery-related mortality was observed in either group (Table 2). Clinically
significant DGE occurred in 17 patients (25.0%). Although the incidence rate of clinically
significant DGE was lower (20.6%) in the Braun group compared to that in the non-Braun
5

group (29.4%), the difference did not reach to a statistically significant difference (Table 2).
Other complications such as pancreatic fistula, infectious complications, and major
complications with a Clavien-Dindo score III were also not significantly different between
the non-Braun and Braun groups. Length of hospital stay was also not significantly different
between the two groups.
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Intragastric bile reflux
A total of 46 patients agreed to undergo 24-hour intragastric bilirubin monitoring
(non-Braun, n=22; Braun, n=24). The median (range) time of bilirubin monitoring sensor
installation was POD 26 (10-48) in the non-Braun group and POD 24 (13-64) in the Braun
group (p=0.724). The median (range) fraction time of clinically significant bilirubin reflux
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(absorbance 0.14) during 24 hours was 78.7% (0-100) in the non-Braun group and 85.3%
(6.6-98) in the Braun group (p=0.717). The fraction times above different intragastric
bilirubin absorbance thresholds (>0.1～>0.7) were comparable between the non-Braun and
Braun groups, which suggests that the extent of bilirubin reflux into the stomach was not
different between these two groups (Figure 2A).
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When patients were divided into without DGE (non-DGE group, n=51) and with
DGE (DGE group, n=17) groups, the median (range) fraction times of clinically significant
8

bilirubin reflux (absorbance 0.14) during 24 hours was 77.2% (3.3-99.1) in the non-DGE
group and 80.3% (0-100) in the DGE group (p=0.824). The fraction times above different
intragastric bilirubin absorbance thresholds (>0.1～>0.7) were all comparable between the
non-DGE and DGE groups, which suggests that the extent of bilirubin reflux was not different
5

between these two groups (Figure 2B).
Analysis for the risk factors of DGE
We finally analyzed the risk factors of DGE with multivariate analysis. Factors that
are clinically important and possibly associated with DGE were selected using univariate
analysis with a p value <0.200. These factors included age greater than 70 years (p=0.063),
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male gender (p=0.079), main pancreatic duct diameter <5 mm (p=0.032), intraoperative blood
loss >1000 ml (p=0.159), and the incidence of clinically significant pancreatic fistula
(p=0.043). Multivariate analysis only identified the main pancreatic duct diameter <5 mm as
an independent factor that was significantly associated with the incidence of DGE (Table 3).
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DISCUSSION
Braun first performed an anastomosis between the afferent and efferent loops of the
jejunum to reduce bile and alkaline reflux into the stomach more than 100 years ago.
Retrospective studies by Hochwald et al. [7] and Bin et al. [10] indicated that the addition of
the Braun enteroenterostomy to the pancreatoduodenectomy procedure reduced the incidence
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of DGE and shortened the length of hospital stay. These authors speculated that the reduction
of intragastric bile reflux by Braun anastomosis and the prevention of gastric mucosal
9

irritation prevented the incidence of DGE. However, no previous study actually quantified the
extent of bile reflux into the stomach under conditions with or without Braun anastomosis.
The present study measured intragastric bilirubin concentrations after
pancreatoduodenectomy with or without Braun anastomosis for 24 hours using a continuous
5

bilirubin concentration monitoring system. We also investigated whether the incidence of
DGE was associated with the presence or absence of Braun anastomosis or intragastric
bilirubin reflux.
Although the incidence rate of DGE was lower in patients with Braun anastomosis
(20.6%) compared to those without Braun anastomosis (29.4%), it did not reach to a
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statistically significant difference. One of the possible reason may be because of
underpowered study with small number of patients. It should be noted however, the extent of
intragastric bile reflux also showed no difference between the with and without Braun
anastomosis groups. Unexpectedly, a certain amount of bile reflux into the stomach was
observed regardless of the addition of Braun anastomosis after pancreatoduodenectomy with
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Child reconstruction. The fraction times of clinically significant bilirubin reflux into the
stomach was approximately 80% regardless the addition of Braun anastomosis. This means
that the patients who underwent pancreatoduodenectomy with Child reconstruction may have
a bile reflux into the stomach most of the time. Moreover, the incidence of DGE was not
correlated with the extent of bile reflux into the stomach. These results indicated that the
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addition of Braun anastomosis has not enough power to reduce the intragastric bile reflux as
well as the incidence of DGE. To the best of our knowledge, the present study firstly used a
10

24-hour continuous bilirubin concentration monitoring system to investigate whether Braun
anastomosis has an impact on biliary regurgitation into the stomach.
The results obtained in this prospective randomized study are not consistent with the
results of two currently published meta-analyses that reported a benefit of Braun anastomosis
5

in reducing the incident of DGE after pancreatoduodenectomy. However, these two metaanalyses included only retrospective analyses and no randomized controlled studies were
included. In fact, there is only one report that performed randomized controlled study to
investigate the impact of Braun anastomosis on the incidence of DGE after
pancreatoduodenectomy [18]. This recently published report comparing the non-Braun group
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and Braun group in pancreatoduodenectomy included 30 patients in each group. Similar to
our observations, the results indicated that the overall DGE tended to be lower in the Braun
group but the difference did not reach to a statistically significant difference. Based on the
results of the present study, we currently do not add Braun anastomosis routinely in the
procedure of subtotal stomach-preserving pancreatoduodenectomy. However, a larger scale
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multiple institutional prospective randomized study should be designed to clarify the real
benefit of Braun anastomosis on the incidence of DGE.
The results of our study indicated that the incidence of DGE was not associated with
Braun anastomosis as well as the intragastric bile reflux. In contrast, the incidence of DGE
was significantly associated with the incidence of pancreatic fistula, which is a well-
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recognized risk factor of DGE [11, 19]. The incidence of DGE was also associated with the
small main pancreatic duct diameter, which is a major risk factor for pancreatic fistula [20].
11

Hocking et al. previously reported that peripancreatic inflammation may result in gastric
dysrhythmia, which may explain one of the mechanisms of DGE [21]. Although it may be
difficult to prove the exact mechanistic link between the peripancreatic inflammation and the
incidence of DGE, the results in this study may imply that inflammation outside of the
5

stomach (i.e., from pancreatic fistula) have a greater impact than the inflammation of inside of
the stomach (i.e., from biliary regurgitation) on the occurrence of DGE. This hypothesis
should be tested in a future study.
This study was designed to investigate the impact of Braun anastomosis on a shortterm outcome after pancreatoduodenectomy, but the long-term outcome is not known. Future
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studies should monitor and compare the recovery of nutritional status, incidence of gastric
ulcers in the remnant stomach, and the incidence of regurgitating gastritis between Braun and
non-Braun groups. It also should be noted that the timing of intragastric bilirubin monitoring
was performed on widely-ranged postoperative day. The timing of test may have a significant
impact on the gastric motility and the reflux of bile into the stomach. However, it was
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ethically difficult to perform bilirubin monitoring test if patients have a trouble of eating.
Therefore, the test was performed when patients’ oral intake was stabilized.
In conclusion, this randomized study indicated that the addition of Braun
anastomosis to the pancreatoduodenectomy procedure with Child reconstruction may have a
minor impact on the reduction of intragastric bile reflux and the incidence of DGE.
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FIGURE LEGENDS
Figure 1.
Study flow chart.
Figure 2.
5

A. The fraction times above different intragastric bilirubin absorbance thresholds (>0.1～
>0.7) in the non-Braun and Braun groups.
B. The fraction times above different intragastric bilirubin absorbance thresholds (>0.1～
>0.7) in the non-DGE and DGE groups.
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Supplementary figure 1.
Schema of the reconstruction with (A) and without Braun anastomosis (B) after
pancreatoduodenectomy.
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Table 1. Preoperative and intraoperative factors (non-Braun vs. Braun)
Non-Braun
Braun
P
(n=34)
(n=34)
value
Preoperative factors
Age, median (range) [years]
72 (45-83)
66 (55-78)
0.160
Male gender, n [%]
24 (70.6)
20 (58.8)
0.310
2
BMI, median (range) [kg/m ]
21.0 (16.821.3 (16.5-28.7)
0.348
27.0)
Diagnosis, n (%)
0.463
Pancreatic cancer
11 (32.4)
12 (35.3)
Bile duct cancer
8 (23.5)
9 (26.5)
Duodenal papilla cancer
7 (20.6)
4 (11.8)
IPMN
7 (20.6)
5 (14.7)
Other malignancies
0
3 (8.8)
Benign diseases
1 (2.9)
1 (2.9)
Biliary drainage, n (%)
20 (58.8)
21 (61.8)
0.804
Diabetes, n (%)
12 (35.3)
6 (17.6)
0.168
HbA1c, median (range) [%]
5.7 (4.2-8.5)
5.5 (4.5-8.2)
0.451
Pancreatitis, n (%)
3 (8.8)
3 (8.8)
1.000
MPD diameter*, median (range)
3.8 (1.8-13.8)
4.1 (1.9-17.1)
0.736
[mm]
Intraoperative factors
Blood loss, median (range) [ml]
978 (342867 (188-4018)
0.466
1959)
Intraoperative BTF, n (%)
13 (38.2)
6 (17.6)
0.059
Operation time, median (range) 470 (336-698)
508 (298-710)
0.544
[min]
Pancreatojejunostomy, n (%)
0.163
Duct-to-mucosa
33 (97.1)
30 (88.2)
Invagination
1 (2.9)
4 (11.8)
Portal vein resection, n (%)
8 (23.5)
4 (11.8)
0.203
Soft pancreas, n (%)
20 (58.8)
19 (55.9)
0.806
BMI, body mass index; IPMN, intraductal papillary mucinous neoplasm; MPD, main
pancreatic duct; BTF; allogeneic blood transfusion
* The MPD diameter were measured on axial images of computed tomography.
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Table 2. Postoperative factors (non-Braun vs. Braun)
Non-Braun
(n=34)
Mortality, n (%)
0 (0)
Clinically significant DGE, n (%)
10 (29.4)
Clinically significant pancreatic fistula,
11 (32.4)
n (%)
Infectious complications, n (%)
9 (26.5)
17 (53.3)
Clavien-Dindo score (III), n (%)
In-hospital day, median (range) [days]
31 (11-56)
DGE; delayed gastric emptying
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Braun
(n=34)
0 (0)
7 (20.6)
8 (23.5)

P
value
1.000
0.401
0.418

13 (38.2)
19 (55.9)
28 (10-96)

0.300
0.627
0.859

Table 3. Factors associated with the incidence of DGE
Univariate
No.
No. of
Odds ratio
P
of
patients with
(95% C.I.)
value
Variables
patients
DGE (%)

Multivariate
Odds ratio
(95% C.I.)

P
value

Age
70 years
>70 years

41
27

7 (17.1)
10 (37.0)

1.00
2.86 (0.93-8.83)

0.063

1.00
2.51 (0.719.38)

0.154

Gender
Female
Male

24
44

3 (12.5)
14 (31.8)

1.00
3.27 (0.8312.80)

0.079

1.00
3.46 (0.8717.99)

0.078

MPD diameter
5 mm
<5 mm

27
41

3 (11.1)
14 (34.2)

1.00
4.15 (1.0616.21)

0.032

1.00
4.98 (1.0531.48)

0.042

Blood loss
1000 ml

38

7 (18.4)

1.00

0.15

1.00

0.368

9
1000 ml

30

10 (33.3)

2.21 (0.72-6.77)

Clinically
significant
pancreatic fistula
No
Yes

49
19

9 (18.4)
8 (42.1)

1.00
3.23 (1.0110.34)

MPD, main pancreatic duct

21

1.90 (0.478.11)

0.043

1.00
1.31 (0.295.50)

0.721
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24

