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Effects of adding Braun jejunojejunostomy to 
standard Whipple procedure on reduction of 
afferent loop syndrome — a randomized clinical trial

Background: Whipple surgery (pancreaticodeudenectomy) has a high complication rate. 
We aimed to evaluate whether adding Braun jejunojejunostomy (side-to-side anastomosis 
of afferent and efferent loops distal to the gastrojejunostomy site) to a standard Whipple 
procedure would reduce postoperative complications.

Methods: We conducted a randomized clinical trial comparing patients who underwent 
standard Whipple surgery (standard group) and patients who underwent standard Whipple 
surgery with Braun jejunojejunostomy (Braun group). Patients were followed for 1 month 
after the procedure and postoperative complications were recorded.

Results: Our study included 30 patients: 15 in the Braun and 15 in the standard group. 
In the Braun group, 4 (26.7%) patients experienced 6 complications, whereas in the stan-
dard group, 7 (46.7%) patients experienced 11 complications (p = 0.14). Complications in 
the Braun group were gastrointestinal bleeding and wound infection (n = 1 each) and 
delayed gastric emptying and pulmonary infection (n = 2 each). Complications in the 
standard group were death, pancreatic anastomosis leak and biliary anastomosis leak (n = 
1 each); gastrointestinal bleeding (n = 2); and afferent loop syndrome and delayed gastric 
emptying (n = 3 each). There was no significant difference between groups in the sub-
types of complications.

Conclusion: Our results showed that adding Braun jejunojejunostomy to standard 
Whipple procedure was associated with lower rates of afferent loop syndrome and 
delayed gastric emptying. However, more studies are needed to define the role of Braun 
jejunojejunostomy in this regard.

Trial registration: IRCT2014020316473N1 (www.irct.ir)

Contexte : La chirurgie de Whipple (pancréatoduodénectomie) s’accompagne de taux 
de complications élevés. Nous avons voulu vérifier si l’ajout d’une jéjunojéjunostomie 
de Braun (anastomose latérolatérale des anses afférente et efférente à la partie distale de 
la gastrojéjunostomie) à une chirurgie de Whipple standard permet de réduire les com-
plications postopératoires.

Méthodes  : Nous avons procédé à un essai clinique randomisé pour comparer des 
patients soumis à une chirurgie de Whipple standard (groupe standard) à des patients 
soumis à une chirugie de Whipple standard avec jéjunojéjunostomie de Braun (groupe 
Braun). Les patients ont été suivis pendant 1 mois après l’intervention et les complica-
tions postopératoires ont été notées. 

Résultats : Notre étude a regroupé 30 patients : 15 dans le groupe Braun et 15 dans le 
groupe standard. Dans le groupe Braun, 4 patients (26,7 %) ont présenté 6 complications, 
tandis que dans le groupe standard, 7 patients (46,7 %) ont présenté 11 complications (p = 
0,14). Les complications dans le groupe Braun ont été saignements gastro -intestinaux et 
infection de plaie (n = 1 chacun) et retard de la vidange gastrique et infection pulmonaire 
(n = 2 chacun). Les complications dans le groupe standard ont été décès, fuite de 
l’anastomose pancréatique et fuite de l’anastomose biliaire (n = 1 chacun); saignement 
 gastro-intestinal (n = 2); et syndrome de l’anse afférente et retard de la vidange gastrique 
(n = 3 chacun). On n’a noté aucune différence significative entre les groupes pour ce qui 
est des sous-types de complications. 

Conclusion : Nos résultats ont montré que l’ajout de la jéjunojéjunostomie de Braun à 
une chirurgie de Whipple standard a été associé à des taux moindres de syndrome de 
l’anse afférente et de retard de la vidange gastrique. Il faudra toutefois procéder à d’autres 
études pour définir le rôle de la jéjunojéjunostomie de Braun à cet égard.
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P ancreaticoduodenectomy, as first described by Allen 
Whipple in 1935, is a well-established operation and 
standard treatment for operable pancreatic head and 

other periampullary tumours.1–3 Although this operation has 
a great impact on treatment and patient survival, up to 60% 
of patients experience various complications, including post-
operative bleeding, delayed gastric emptying, afferent loop 
syndrome, and systemic complications, such as sepsis, deep 
vein thrombosis and infection.4

In order to reduce these complications, particularly 
delayed gastric emptying and afferent loop syndrome, vari-
ous methods for anastomosis, including pyloric preserva-
tion, Roux-en-Y, or different methods of intestinal loop 
resection to separate pancreatic anastomosis from other 
anastomoses, are introduced to use with or replace the stan-
dard Whipple procedure. The Roux-en-Y method has been 
reported to reduce postoperative complications of Whipple 
surgery, especially pancreatic fistula and delayed gastric 
emptying.5 Braun jejunojejunostomy (side-to-side anasto-
mosis of afferent and efferent loops distal to the gastrojeju-
nostomy site) is functionally equal to Roux-en-Y, but is per-
formed in less time and could replace Roux-en-Y in 
Whipple surgery. However, there are few reports demon-
strating the efficacy of Braun jejunojejunostomy in reducing 
postoperative delayed gastric emptying or afferent loop 
syndrome.6 We aimed to evaluate the efficacy of adding 
Braun jejunojejunostomy to the standard Whipple surgery 
in reducing these type of postoperative complications.

Methods

Study design and participants

Between June and December 2013, patients aged 
18–75  years with confirmed operable pancreatic head, 
duodenal or common bile duct tumours who were sched-
uled for a Whipple procedure at Tabriz Imam Reza hos-
pital, Tabriz University of Medical Sciences, were 
recruited for this study. Patients with previous upper 
abdominal surgery, preoperative signs of inoperability 
according to imaging studies (e.g., mesenteric or portal 
vein or superior mesenteric artery involvement, distant 
metastases, nearby organ involvement) or general condi-
tions not suitable for a Whipple procedure (e.g., heart or 
renal failure) were excluded from the study. We also 
excluded patients whose tumours were found to be inop-
erable according to intraoperative findings and patients 
who died during the operation.

The study was a prospective, randomized clinical trial 
designed by the surgery department and approved by 
the Institutional Review Board and Ethics Committee of 
Tabriz University of Medical Sciences. The trial was 
registered in the Iranian Registry of Clinical  Trials 
(IRCT2014020316473N1; www.irct.ir). We obtained 
written informed consent from all patients.

Sample size

The trial was powered to detect an effect size of d ≥ 0.70 
as statistically significant in a 2-tailed test with α = 0.05 
and a power of 0.90 with 14 participants per condition. As 
there was a possibility that some patients would not com-
plete the study, we recruited 15 participants per group.

Randomization and blinding

Randomization of patients into 2 equal groups was per-
formed using Randlist software (DatInf). The control 
group underwent the standard Whipple procedure (stan-
dard group). In the intervention group (Braun group), a 
Braun jejunojejunostomy was added at the end of the stan-
dard Whipple procedure. The attending surgeon received 
a sealed envelope in the operating room indicating the 
type of operation to be performed. The envelopes were 
unsealed only after complete resection of the pancreatico-
duodenal complex. All the preoperative and postoperative 
clinical and paraclinical data were collected, and the 
 follow-up was done by another member of the team who 
was completely blind to the type of surgery.

Pancreaticoduodenectomy procedure

All patients underwent the standard Whipple procedure, 
including 20%–40% distal gastrectomy, cholecystectomy, 
pancreaticoduodenectomy and then pancreaticojeju-
nostomy, choledochojejunostomy and antecolic gastro-
jejunostomy. All anastomoses were performed using 
the  appropriate size of PDS II polydioxanone sutures 
 (Ethicon, Johnson & Johnson). In the intervention group, 
Braun jejunojejunostomy was added to other anastomoses 
at the end of the operation. In both groups, pancreatico-
jejunostomy was performed using the duct-to-mucosa 
method in 2 layers. Jejunojejunostomy was performed 
using a standard, manual 2-layer method (side-to-side 
anastomosis of afferent and efferent loops distal to the 
gastrojejunostomy site). The jejunojejunostomy site was 
performed between the proximal and distal jejunal loops 
about 30 cm distal to the choledochojejunostomy and 
45  cm distal to the gastrojejunostomy sites, respectively. 
At the end of operation, 2 corrugated drains were inserted 
bilaterally in the liver and pancreas bed. Drainage fluid 
was collected by sterile colostomy-type bags every 6 hours 
until the removal of the drains.

Postoperative management

Postoperative treatment included prophylactic antibiotics 
(cefazolin and metronidazole), intravenous pantoprazole 
(as the prophylaxis against stress ulceration) for 1 week 
and 100 µg of subcutaneous octreotide 3 times per day for 
48 hours. Antibiotics were continued for any infectious 
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complications or changed according to the cultures of 
body fluids when needed. Patients spent at least 24 hours 
in the intensive care unit (ICU) and were transferred to 
the general ward when their hemodynamic and respira-
tory conditions were stable. Nasogastric tubes were 
removed after 48 hours if the bowel sounds returned, and 
patients were started on a soft diet usually on the fifth 
postoperative day.

Patient characteristics and outcome measures

We collected the following data using a checklist to 
compare the 2 groups: age, sex, body mass index, time 
from the first symptoms until the operation, cause of the 
disease (pancreatic head, duodenal, or common bile duct 
tumour), duration of the operation, intraoperative 
bleeding and total volume of intraoperative blood prod-
uct transfusion. We also collected the following labora-
tory data: white blood cell count, hemoglobin level, ala-
nine aminotransferase, aspartate aminotransferase, and 
total and direct bilirubin both preoperatively and post-
operatively on days 1, 3, 5, 7 and 14. We recorded the 
volume of nasogastric tube evacuations for 48 hours 
after the operation as well as the number of times per 
day that patients vomited after the nasogastric tubes 
were extracted. We noted postoperative complications, 
including death and its cause, pancreatic anastomosis 
leakage, gastric anastomosis leakage, biliary anastomosis 
leakage, postoperative bleeding requiring another oper-
ation, postoperative gastrointestinal bleeding requiring 
another operation, afferent loop syndrome, delayed gas-
tric emptying, surgical site infection, pulmonary infec-
tion and deep vein thrombosis. Patients were followed 
for 1 month after the operation or until in-hospital 
death. 

Primary outcome measures were afferent loop syn-
drome, defined as sudden, bulky bile-stained vomit 
un related to eating; volume of nasogastric tube evacua-
tions in the 48 hours after the operation; frequency of 
vomiting after extraction of nasogastric tubes; and delayed 
gastric emptying, defined as gastric stasis requiring naso-
gastric intubation for 10 days or more or the inability to 
tolerate a regular diet 14 days after the operation.

Secondary outcome measures were biliary leakage, 
defined as persistent secretion of bilirubin-rich drainage 
fluid of more 50 mL/d from drains; postoperative intra-
abdominal bleeding, defined as the need for more than 
2 units of red blood cells more than 24 hours after sur-
gery or repeat laparotomy because of bloody discharge 
from the drains; and gastrointestinal bleeding, defined as 
the need for more than 2 units of red blood cells more 
than 24 hours after surgery or need for any surgical or 
endoscopic intervention because of bloody discharge 
from the nasogastric tube or lower gastrointestinal bleed-
ing (melena or hematochezia).

Statistical analysis

All data were analyzed using the Statistical Package for Social 
Sciences, version 17.0 (SPSS). Baseline data are reported as 
means ± standard deviations for continuous data or as per-
centages for categorical data. In order to analyze the differ-
ences between the groups in the quantitative variables, we 
used the Student t test for normally distributed data and the 
Mann–Whitney U test for non-normally distributed data. 
We studied the association between qualitative variables 
using the c2 test or Fisher exact test. We considered results 
to be significant at p < 0.05.

Results

We included 30 patients in our analysis: 15 who underwent 
a standard Whipple procedure alone and 15 who under-
went a standard Whipple procedure combined with Braun 
jejunojejunostomy. No patients were lost to follow-up 
(Fig. 1). There were no significant differences in baseline 
demographic and clinical characteristics between the 
groups (Table 1). The most common cause for surgery in 
both groups was pancreatic head tumour (n = 19), followed 
by obstructive jaundice with probable periampullary 
tumour (n = 5), duodenal tumour (n = 3), bile duct cancer 
(n = 2) and other disease (n = 1).

Perioperative findings

Mean duration of surgery was 6.23 ± 1.83 hours in the 
Braun group compared with 6.08 ± 1.55 hours in the stan-
dard group (p = 0.81). Mean bleeding volume during sur-
gery was 500.00 ± 142.00 mL in the Braun group and 
626.66 ± 145.23 mL in the standard group (p = 0.53). There 
was no significant difference between the Braun and stan-
dard groups in mean packed red blood cells (1.60 ± 1.35 v. 
1.33 ± 1.17 units, p = 0.56) or fresh frozen plasma (0.40 ± 
0.28 v. 1.06 ± 0.54 units, p = 0.29) used during surgery.

Postoperative findings

Mean nasogastric tube drainage was 468.00 ± 414.88 mL in 
the Braun group and 760.71 ± 503.51 mL in the standard 
group (p = 0.09). The standard group had significantly more 
periods of vomiting after nasogastric tube removal than the 
Braun group (1.54 ± 1.50 v. 0.53 ± 0.51 times/d, p = 0.032). 
We observed 6 complications in 4 (26.70%) patients in the 
Braun group compared with 11 complications in 7 (46.7%) 
patients in the standard group. Although the rate of compli-
cations in the Braun group was lower than in the standard 
group, the difference was not significant (p = 0.14). There 
was no significant difference between groups in the subtypes 
of postoperative complications (Table 1). There was 1 death 
in the standard group, which occurred due to pulmonary 
embolism. One patient in the Braun group had pancreatitis, 
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which was managed conservatively, and 1 patient experi-
enced biliary leak, which was managed conservatively. Three 
patients in the standard group had recurrent nausea and 
vomiting as well as afferent loop syndrome and underwent 

Braun jejunojejunostomy. One case of afferent loop syn-
drome occurred with postoperative bleeding. All cases of 
postoperative bleeding occurred at the gastrojejunostomy site 
and were controlled and managed conservatively. Table 2 
summarizes the complications in our patients.

Discussion

Braun jejunojejunostomy has been recommended as an 
adjacent method to a standard Whipple procedure to 
reduce postoperative delayed gastric emptying and afferent 
loop syndrome, and it is shorter than other methods such 
as Roux-en-Y diversion.7–9 Vogel and colleagues7 reported 
that postoperative complications, including enterogastric 
reflux and biliary reflux, were significantly less frequent in 
patients undergoing Braun jejunojejunostomy than in 
those undergoing any types of gastrojejunostomy without 
adding Braun jejunojejunostomy. Another study reported 
that adding Braun jejunojejunostomy after gastroenteros-
tomy in patients with biliary reflux significantly reduced 
the reflux.8 Wang and colleagues9 documented a lower 
complication rate after adding Braun anastomosis to a 
standard Whipple procedure. In the present clinical trial, 
we evaluated the postoperative complications after stan-
dard Whipple surgery with or without Braun jejunojeju-
nostomy. There was no significant difference between 
groups before or during the operation. Six complications 
were seen in 4 patients in the Braun group, and 11 compli-
cations were seen in 7 patients in the standard group, but 
the difference was not significant. We also observed no dif-
ference between groups in nasogastric tube volume; how-
ever, vomiting after the tube removal occurred signifi-
cantly more frequently in the standard group. Hochwald 

Table 1. Baseline demographic and clinical characteristics of participants

Group; no. (%) or mean ± SD

Characteristic Braun Standard p value

Age 57.26 ± 13.80 55.26 ± 13.15 0.82

Sex

Male 10 (66.7%) 10 (66.7%) —

Female 5 (33.3%) 5 (33.3%) —

Body mass index

< 20 5 (33.3%) 3 (20%) —

20–25 8 (53.3%) 10 (66.7%) —

26–30 1 (6.7%) 1 (6.7%) —

> 30 1 (6.7%) 1 (6.7%) —

Symptom duration, d 159.33 ± 34.34 173.20 ± 52.28 0.68

Reason for surgery

Pancreatic head tumour 8 (53.3%) 11 (73.3%) —

Duodenum tumour 3 (20%) 0 —

Tumour of distal coledoc 1 (6.7%) 1 (6.7%) —

Obstructive jaundice with 
 possible tumour of ampul water

2 (13.3%) 3 (20%) —

Others 1 (6.7%) 0 —

SD = standard deviation.

Fig. 1: Flow of patients through the trial.

Assessed for eligibility 
(n = 60) 

Excluded (n = 30): 
Not meeting criteria (n = 25) 
Refused to participate (n = 5) 

Randomization 
(n = 30) 

Braun group  
(n =15) 

Standard group 
(n =15) 

Lost to follow-up 
(n = 0) 

Lost to follow-up 
(n = 0) 

Analyzed (n =15) 
Excluded from analysis 

(n = 0) 

Analyzed (n =15) 
Excluded from analysis 

(n = 0) 
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and colleagues10 documented earlier nasogastric tube 
removal in patients undergoing Braun anastomosis than in 
those undergoing a standard Whipple procedure; however, 
they reported no significant difference in vomiting rate or 
reinsertion of the nasogastric tube between groups. 

Various complications have been reported following 
standard Whipple surgery. In one study, anastomosis leak, 
delayed gastric emptying and bleeding were the prevalent 
complications of Whipple surgery.11 In another study, post
operative bleeding was the most common complication 
after surgery.12 In yet another study,13 fever, pancreatic fis
tula and increase in bilirubin levels were the prevalent com
plications.13 In our study, complications in the standard 
group were death, pancreatic and biliary anastomosis leak
age, gastrointestinal bleeding, afferent loop syndrome and 
delayed gastric emptying. Complications in the Braun 
group were gastrointestinal bleeding, wound infection, 
delayed gastric emptying and pulmonary infection. There 
was no significant difference between the groups in the rate 
of complications observed. We observed pancreatic anasto
mosis and biliary anastomosis leak only in the standard 
group, whereas Hochwald and colleagues10 reported similar 
failure of pancreatic anastomosis between the groups. 

In our study, delayed gastric emptying was observed in 
13.3% cases in the Braun group and 20% of cases of the 
standard group. Similarly, Hochwald and colleagues10 and 
Nikfarjam and colleagues14 observed that delayed gastric 
emptying was significantly reduced after Braun anastomosis. 
Conversely, Jurgens and colleagues8 reported a gastric emp
tying complication rate of 81% after Braun anastomosis. 
However, 57% of these patients had gastroparesis before the 
operation; 42% of of those with delayed gastric emptying 
responded to medical therapy and the symptom improved. 

Afferent loop syndrome is an unusual complication with 
a reported incidence of 0.2%–20%. It usually occurs after 
gastrojejunostomy with Billroth II reconstruction and par
tial gastrectomy. However, this complication could occur 
even after surgical resection and anastomosis between gas

tric and other parts of the foregut, such as in a pancreatico
duodenectomy procedure.15,16 In our study study, afferent 
loop syndrome was observed in 3 (20%) patients in the 
standard group, whereas no patients in the Braun group 
experienced this complication. Considering our findings, it 
is possible that Braun jejunojejunostomy was associated 
with the decrease in this complication rate. 

Braun anastomosis has some potential advantages. It 
tends to stabilize the afferent and efferent limbs of the gas
trojejunostomy, so the gastrojejunostomy has a low ten
dency to twist and angulate. Braun anastomosis prevents any 
increase in pressure in the biliopancreatic limb if an obstruc
tion occurs at the level of the gastroenterostomy. The Braun 
anastomosis also allows gastric content to pass distally unim
peded into either the efferent or afferent limb of the gastro
enterostomy. Kinking at either of these limbs alone theoret
ically would not alter gastric emptying in these 
circumstances.14,17 These advantages could prevent the 
occurrence of afferent loop syndrome.

Limitations

Although the occurrence of afferent loop syndrome did not 
differ significantly between the standard group and the 
Braun jejunojejunostomy group, the difference was clinically 
important, Braun jejunojejunostomy was associated with a 
reduced rate of complications. However, observing signifi
cant findings in previous studies and no significant differ
ences in our study could be related to the smaller number of 
patients included in our study. Overall findings indicate the 
efficacy of adding Braun jejunojejunostomy to a standard 
Whipple procedure to reduce postoperative complications, 
especially the incidence of afferent loop syndrome and 
delayed gastric emptying.

ConClusion

Adding Braun jejunojejunostomy to a standard Whipple 
procedure may be associated with lower rates of afferent 
loop syndrome and delayed gastric emptying. More  studies 
are necessary to define the role of Braun jejunojejunostomy 
in this regard.
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Table 2. Postoperative complications between groups

Group; no. (%)

Complication Braun Standard p value

Death after operation 0 1 (6.7%) 0.90

Anastomosis leak

Pancreas 0 1 (6.7%) 0.90

Gastric 0 0 —

Biliary 0 1 (6.7%) 0.90

Postoperative bleeding 1 (6.7%) 2 (13.3%) 0.90

Postoperative bleeding 
requiring surgery

0 0 —

Afferent loop syndrome 0 3 (20%) 0.22

Delayed gastric emptying 2 (13.3%) 3 (20%) 0.90

Wound infection 1 (6.7%) 0 0.90

Pulmonary infection 2 (13.3%) 0 0.48

Deep vein thrombosis 0 0 —
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