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Abstract
Background: pancreaticoduodenectomy is associated with higher morbidity and mortality rates. The leak of activated pancreatic enzymes can cause several complications which could be life threatening. One of the suggested methods, which can prevent
complications, is double Roux anastomosis technique.
Objectives: The aim of this study was to evaluate the outcomes and complications of double Roux anastomosis method.
Methods: In this prospective study, patients who underwent pancreaticoduodenectomy with double Roux anastomosis were evaluated from 2013 to 2017. The outcomes and complications such as mortality rate, pancreatic leak or fistula, bile leakage, and abscess
formation were evaluated.
Results: A total of 12 patients were evaluated. The mean age was 53.08 ± 13.43 (19 - 70). Seven of them were male and five were female.
Indications of surgery in the patients were periampullary cancer (6 patients), pancreatic head cancer (4 patients), distal cholangiocarcinoma (1 patient) and duodenal trauma (1 patient). There was no mortality, no pancreatic leak or fistula, no hemorrhage, and
no abscess in any of the patient. There was one case of the biliary leakage, which was managed expectantly.
Conclusions: The results of this study showed that use of separate double Roux, one for the pancreas and the other one for the
stomach and bile duct reduces complications and mortality. Although this method requires more anastomosis and the operating
time is prolonged, but ultimate outcome of the patient has great effects.
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1. Background
Whipple procedure or pancreaticoduodenectomy is a
surgical procedure for patients with neoplasms of the pancreatic head, ampulla of Vater, and distal parts of the common bile duct. This procedure was first introduced in 1912
(1-3). During the surgery, after pancreaticoduodenectomy,
gastrointestinal tract reconstruction is carried out by gastric, biliary, and pancreatic anastomosis to the jejunum (4).
Whipple procedure has been associated with a mortality
rate of < 5% and a morbidity rate of 25% to 60% (5-8).
The most common complication of following Whipple
procedure is pancreatic fistula with the incidence of 5%
to 30% in postoperative period (9, 10). Pancreatic fistula
causes complications such as intra-abdominal abscess,
sepsis, and life-threatening intra-abdominal hemorrhage
(10-12). The most important pathophysiology for the complications of Whipple procedure is activation of pancreatic

secretions by bile in the Jejunal limb. So that, in the anastomosis leakage, activated pancreatic enzymes could cause
many damages to intraperitoneal and retroperitoneal tissues (13).
Double Roux reconstruction procedure (DRRP)
method has several advantages such as decrease in
the stasis of pancreatic secretions, prevention of the
pancreatic enzymes activation by bile, and enterokinase
and acidotic gastric secretions. In addition, anastomotic
leakage in DRRP would be milder and easy to manage than
conventional Whipple procedure (14, 15).

2. Objectives
The aim of the current study was to evaluate outcomes and complications of pancreaticoduodenectomy
with DRRP.
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3. Methods
3.1. Study Design
This prospective study was done on patients who underwent pancreaticoduodenectomy with DRRP in Shohadaye Tajrish Medical Center, Shahid Beheshti University
of Medical Sciences, Tehran, Iran from May 2016 to May
2017. The study population included patients who referred
to Shohadaye Tajrish Medical Center for pancreaticoduodenectomy. The patients provided written informed consent to undergo DRRP and the study protocol was approved
by the institutional review board. Furthermore, a checklist
was used to collect the information, which included age,
gender, complications, and mortality of the patients.
3.2. Surgical Technique
During the conventional Whipple procedure, in the
first phase, distal part of the common bile duct (CBD), head
of pancreas, duodenum, and jejunum up to 10 cm distal to
the ligament of treitz were resected. In the reconstruction
phase, a single limb of jejunum was used for reconstruction (Figure 1) so that all 3 anastomoses were done on this
limb of jejunum.

Figure 2. Double Roux reconstruction procedure (DRRP)

to end anastomosis we used the telescopic technique. The
anastomosis was done in two layers. Then, distal part of
this arm was cut off and the second arm of the Roux was
raised up in retro-colic space and gastrojejunostomy was
done in the end-to-end matter. After that, the end to side
hepaticojejunostomy anastomosis was done 10 cm distal
to the gastrojejunostomy anastomosis. The length of the
second arm (gastric and biliary arm) was considered 45 to
65 cm. In addition, the first Roux arm (pancreatic arm) was
anastomosed end to side to the second arm. We used two
drains for drainage: one near to the pancreaticojejunostomy anastomosis and another one near to the hepaticojejunostomy anastomosis.
3.3. Patients Follow Up

Figure 1. Single loop reconstruction in Whipple surgery

However, during DRRP and after resection, in the reconstruction phase, the double Roux limb (Figure 2) was
used for reconstruction instead of a single limb.
In this study we drawn up the first Roux arm from
retro-colic space to anastomosis with the pancreas. For end
2

Biliary and pancreatic secretions were measured daily
and recorded. Pancreatic fistula was defined as drainage
of any assessable volume of fluid after third postoperative
day with an amylase content higher than 3 times to the
serum amylase (16). In addition, biliary leakage was defined as the presence of biliary secretions more than 50 mL
in the drainage secretions after 24 hours of operation (17).
The drains were kept in place until secretions diminished below 10 mL per day for two days. The presence of
any bleeding in the drains was also studied. In addition, in
the presence of persistent fever, a CT scan with intravenous
contrast was done to examine the presence of abscess or
any liquid collection.
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3.4. Statistical Analysis
All of the data were entered to SPSS software version 22
and the results of qualitative variables were reported as the
percentage and the results of quantitative variables were
reported as mean ± SD.

4. Results
A total of 12 patients underwent Whipple surgery with
double Roux reconstruction procedure (DRRP) and followed up. Seven patients were male (58%) and 5 patients
were female (42%). The mean age of patients was 53.08 ±
13.43 with a range of 19 to 70 -year-old. In terms of the surgical indication, 6 patients (50%) had periampullary cancer, 4 patients (33.4%) had cancer in the head of the pancreas, 1 patient (8.3%) had distal cholangiocarcinoma, and
in 1 patient (8.3%) traumatic duodenal injury. The mortality
rate was 0; in addition, there were not any complication in
terms of pancreatic fistula, intra-abdominal hemorrhage
or intra-abdominal abscess. There was only 1 case (8.3%) of
biliary drainage from abdominal drains, which was closed
expectantly without any additional surgical procedure.

5. Discussion
During this study, we studied outcomes of pancreaticoduodenectomy with double Roux reconstruction procedure (DRRP). The results showed lower mortality and morbidity in comparison to other reconstruction methods.
There are several ways to prevent complications of
Whipple procedure such as pancreaticogastrostomy and
pancreatic stent (18, 19). One of the ways to prevent complications of Whipple procedure is the separation of biliary
and pancreatic anastomosis by two isolated (Roux) arms
(20, 21). In this method, surgeon uses 2 distinct Roux limbs,
one for the pancreatic secretions and the other one for the
biliary and gastric anastomosis. Therefore, the main cause
of complications which is the activation of pancreatic enzymes would be prevented. In addition, this reconstruction would prevent the accumulation of biliary and pancreatic secretions and gastric output in the single limb of
jejunum. Therefore, that may prevent an increase in intraluminal pressure in Jejunal limb, which may predispose
anastomotic leakage in these patients.
The used method in this study has several advantages
such as a decrease in the stasis of pancreatic secretions
and prevention of activation of pancreatic enzymes so that
anastomotic leakage in DRRP would be milder and easy
to manage than conventional Whipple procedure (14, 15).
Another useful advantage was the feasibility of upper gastrointestinal endoscopy and endoscopic interventions in
Int J Cancer Manag. 2019; 12(6):e91388.

these patients during the post-operative period. Especially,
for biliary anastomosis.
Limongelli et al. (22) used double Roux loop reconstruction after pyloric preserving pancreaticoduodenectomy (PPPD) and their results were promising with a lower
incidence of pancreatic fistula and delayed gastric emptying. The results of this study were in accordance with
Limongelli’s study. We did not have any report regarding
delayed gastric emptying because during our study the
procedure was classic Whipple with resection of the distal
stomach, not PPPD (22).
In another study which was conducted by Grobmyer et
al. (23) there was not any difference between the conventional loop reconstruction and single or double Roux loop
reconstruction in terms of mortality; In addition, the rate
of pancreatic fistula was similar between both groups (23).
Ke et al. (24) reported the same results and suggested that
RYR does not reduce the rate of morbidities such as pancreatic fistula and only effects on the severity of morbidities and hospitalization These results were in line with the
results of Uzunoglo et al. and Tani et al.’s study (13, 18); however, they were not related to the present study.
The present study contained some limitations such as
small number of patients. Although, to the best of our
knowledge, this is the first study in Iran which examines
the complications and results of DRRP. It will be better to
compare the single loop and DRRP in forms of randomized
clinical trials with a large number of cases in the future
studies.
5.1. Conclusions
DRRP in Whipple procedure can be a reliable method,
especially in Iran, where the morbidity and mortality rate
of following Whipple procedure is still high. However,
more studies should be carried out to prove the efficacy of
this method.
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