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Background: Pancreas divisum is a congenital embryological disease caused by a lack of fusion between
the ventral and dorsal pancreatic ducts in the early stages of embryogenesis. Recurrent acute pancreatitis,
chronic pancreatitis or chronic abdominal pain are the main clinical syndromes at presentation and occur
in only 5% of the patients with pancreas divisum. This review aimed to discuss diagnosis and treatment
strategies in patients with symptomatic pancreas divisum.

Data sources: We report a literature review from 1990 up to January 2018 to explore the various di-
agnostic modalities and surgical techniques and results reported in the surgical treatment of pancreas
divisum.

Results: There are limited reports available on this topic in the literature. We analyzed and described the
main indications in the treatment of pancreas divisum, focusing on surgical treatment and a discussion of
the different approaches. Furthermore, we report the results from our experience in two cases of pancreas
divisum treated by pancreatic head resection with segmental duodenectomy (the Nakao procedure).
Conclusions: Pancreas divisum is a common pancreatic malformation in which only a few patients de-
velop a symptomatic disease. Surgical treatment is needed in case of endoscopic drainage failure and in
cases complicated with chronic pancreatitis and local complications. Many techniques, of greater or lesser
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complexity, have been proposed.
© 2019 First Affiliated Hospital, Zhejiang University School of Medicine in China. Published by Elsevier

B.V. All rights reserved.

Introduction

Pancreas divisum is characterized by the persistence of two
drainage systems: the main duct (Wirsung duct) that originates
from the ventral pancreas and drains the pancreatic head through
the major papilla, and the Santorini duct (originating from the dor-
sal pancreas) that drains the body and the tail through the mi-
nor papilla [1,2]. In pancreas divisum, the Santorini duct represents
the main drainage channel in contrast to the Wirsung duct, which
takes on a marginal role.

Pancreas divisum represent the main pancreatic anatomical
variation with an incidence of 4.5%, as reported in a recent
review [3], with 5% of patients with pancreas divisum develop-
ing a symptomatic disease; these patients present recurrent acute
pancreatitis (rAP), chronic pancreatitis (CP) and chronic abdomi-
nal pain (CAP). The pathogenesis of the symptomatic case is also
discussed. In pancreas divisum, pancreatic drainage occurs mainly
through the minor papilla, and the small size of the minor papilla
leads to high intrapancreatic duct pressure. Pancreas divisum is
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classified into three types: type 1 (the most common), the ven-
tral and dorsal pancreatic ducts are completely divided; type 2, the
ventral pancreatic duct is absent; and type 3, a thin duct between
the two systems is present [4].

Recent studies suggest that pancreas divisum may be a co-
factor in the development of pancreatitis for other reasons. Bertin
et al. [5] observed that the frequency of pancreas divisum is the
same in patients with idiopathic pancreatitis when compared with
control subjects, demonstrating that pancreas divisum alone is not
a cause of pancreatitis, and postulated that pancreas divisum may
act as a co-factor in patients with genetic pancreatitis, especially
in those with CFTR mutations.

Diagnosis and treatment

Endoscopic retrograde cholangiopancreatography (ERCP) is
considered as the gold standard procedure for the diagnosis of
pancreas divisum [6,7], although ERCP is an invasive test requiring
sedation and leads to a 10%-15% complication rate with an addi-
tional rate of up to 10% post-ERCP pancreatitis. Pancreas divisum
can be diagnosed by cannulation of the minor papilla for the
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visualization of the dorsal pancreatic duct in 90%-95% of patients,
especially when needle-tip endoscopic catheters are used [8,9].

Magnetic resonance cholangiopancreatography (MRCP) has
emerged as a non-invasive imaging modality for the diagnosis of
pancreas divisum. Secretin enhancement can improve visualization
of the pancreas; therefore, secretin-enhanced MRCP (S-MRCP) has
been suggested to enhance the detection of congenital pancreatico-
biliary malformations, including pancreas divisum. The pooled sen-
sitivity and specificity for the diagnosis of pancreas divisum were
reported to be 52% and 97% for MRCP, and 85% and 97% for S-
MRCP, respectively [10].

In our opinion, MRCP and S-MRCP can be considered as the first
option modality in the diagnosis of pancreas divisum, and ERCP
has to be reserved for uncertain cases and in the treatment of
symptomatic cases.

Endoscopic treatment

Up to now, ERCP including papillotomy of minor papilla, with
or without plastic stent implantation, is the first choice for ther-
apeutic intervention in patients with symptomatic pancreas divi-
sum. Good response rates and a low level of complications make it
the first line of treatment for these patients.

In a systematic review included studies from 1950 to 2008,
overall reported response rates after ERCP for rAP, CP and CAP were
81.2%, 68.8% and 53.1%, respectively [11]. The most recent system-
atic review in 2014 gave a response rate of 76%, 42% and 33% for
rAP, CP, and CAP, respectively [9]. In 2016, Lu et al. [12] described
a larger retrospective study with 141 procedures for pancreas
divisum. Endoscopic pancreatic sphincterotomy (44.68%), bougi-
nage (26.95%), pancreatic ductal stone extraction (19.15%), endo-
scopic nasopancreatic drainage (21.99%), and endoscopic retrograde
pancreatic drainage (56.74%) were performed with an overall re-
sponse rate of 62.32%. Post endoscopy pancreatitis (PEP), infection,
and hemorrhage were 9.93%, 3.55%, and 0.71%, respectively [12].
Michailidis et al. [13] confirmed that endoscopic efficacy in pan-
creas divisum is 67.5%.

In case of failure of plastic stent placement, the use of remov-
able fully covered, self-expandable metal stents have been recently
described with a successful rate of 90% at 3 months [14].

Surgery

Surgery has to be considered in case of the failure of the
endoscopic treatment in symptomatic patients when a normal
pancreas is present, or in case of CP and local complications,
such as common bile duct stricture or main pancreatic duct
stenosis. Surgical strategy aims to treat local complications and
to optimize the pancreatic drainage. Different surgical treatments
have been described: sphincteroplasty, duodenopancreatectomy
and duodenum-preserving pancreatic head resection are the most
performed treatments (Table 1).

Recently, Hafezi et al. published a meta-analysis of 1887 pa-
tients with pancreas divisum treated with surgery or endoscopi-
cally, and concluded that surgical treatment may be superior to
endoscopy in terms of success rate, complication rate and re-
intervention rate [15]. Symptom improvement was significantly ob-
tained in surgically treated patients (72% for the surgical group vs.
62.3% for the endoscopic group). Moreover, the complication rate
and re-intervention rate of endoscopic procedures are significantly
higher than those of surgery (31.3% vs. 23.8%, and 28.3% vs. 14.4%,
respectively). This study has an important limitation which is the
study’s heterogeneity, involving clinical, methodological and statis-
tical biases. In our opinion, surgery must be considered in a very
few selected patients, and only in the case of the failure of en-
doscopic treatment. Up to now the evidence is not sufficient and

Table 1
Surgical procedures in the treatment of pancreas divisum.

Procedures Description

Decompression procedure
Sphincteroplasty - Transduodenal surgical
sphincterotomy/sphincteroplasty

- Dissection of the pancreatic duct throughout
the body and tail of the gland

- Longitudinal side-to-side
pancreaticojejunostomy

Pustrow procedure

Demolitive procedure
PPPD « Pancreatoduodenectomy with pylorus
preservation

« Dissection of pancreatic head from portal
vein and complete transection of neck

« Subtotal excision of pancreatic head

« Reconstruction with a Wirsung-jejunal
anastomosis and a pancreaticojejunostomy
anastomosis with Roux-en-Y jejunal loop

- Longitudinal drainage of pancreatic duct

« Local resection of pancreatic head

« Local resection of pancreatic head

« Single anastomosis (pancreaticojejunostomy)
with Roux-en-Y jejunal loop

- Complete pancreatic head resection with
segmental duodenectomy

- Pancreatogastrostomy, end-to-end
duodenoduodenostomy

Berge procedure

Frey procedure

Bern modified procedure

Nakao procedure

PPPD: pylorus-preserving pancreatoduodenectomy.

further studies are needed to define precise selection criteria for
surgical treatment.

In this paper we described the main surgical procedure and dis-
cussed surgical techniques and indications. In addition, we pro-
vided a literature review from 1990 up to January 2018; we
searched the PubMed database for MEDLINE subheadings and key
words “pancreas divisum” or “duodenum-preserving pancreatic
head resection” or “pancreatic sphincteroplasty”. Only English ar-
ticles and papers with more than five cases were selected for re-
view.

Decompression procedure

Sphincteroplasty

During a sphincteroplasty procedure, a longitudinal duode-
notomy is performed and the papilla identified. The papillary
and choledochal sphincter are then divided. Identification of the
Wirsung duct and section of common septum between the bile and
pancreatic duct is realized, and the sphincteroplasty is completed
by suturing the biliopancreatic sept to the mucosa.

Sphincteroplasty is the main surgical treatment for pancreas
divisum before the endoscopic drainage era [8,16-23] (Table 2).
Present indications are limited: in the last 10 years only a few
series have been reported, such as Schneider et al. [16] who de-
scribed a series of all 11 sphincteroplasty in patients with pancreas
divisum and performs it in cases of soft pancreas with no signs of
inflammatory or fibrotic changes in the pancreatic parenquima. In
three of these cases, a second operation was indicated for persist-
ing symptoms of pancreatitis. Madura et al. [17] also described a
series of 74 patients with pancreas divisum treated with surgical
sphincteroplasty with a success rate of 63%. Sphincteroplasty is a
highly complex technique and, despite its parenquima sparing pro-
cedure, it is characterized by a low success rate. In our opinion, it
should not be used as the first option in the surgical treatment of
pancreas divisum.

Pustrow procedure

In case of advanced disease, where CP changes cause a
ductal obstruction and a dilated main pancreatic duct, longi-
tudinal side-to-side pancreaticojejunostomy can be performed.
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Table 2
Literature review of pancreas divisum treated with decompression procedures.
Median Sphincteroplasty LPY
Studies n F/M age (yr) Clavien Success Reintervention Clavien Success Reintervention
n 1I-1v rate rate 1I-1v rate rate
Bradley III et al. [8] 37 - - 37 - 83.7% - - - - -
Schneider et al. [16] 28 11/17 - 1 0 72% - - - - -
Madura et al. [17] 74 - - 74 - 63% - - - - -
Schnelldorfer et al. [18] 21 10/11 40 - - - - 21 - 90% -
Varshney et al. [19] 5 4/1 34 2 +distal 0 100% - 1 0 100% -
pancrea-
tectomy
Tzovaras et al. [20] 6 4/2 6 0 50% - - - - -
Siegel et al. [21] 25 - 35 - - - - - - - -
Brenner et al. [22] 13 9/4 37 13 - 77% - - - - -
Warshaw et al. [23] 88 - - 88 - 70% - - - - -
LPY: lateral pancreaticojejunostomy.
Table 3
Literature review of pancreas divisum treated with demolitive procedures.
DPPHR PPPD
Median
Studies n F/M age (yr) Clavien Success Reintervention Clavien Success Reintervention
n -1V rate (%) rate n 1I-1v rate rate
Schneider et al. [16] 28 11/17 - 10 20% 80% - 4 1 96% -
Varshney et al. [19] 5 4/1 34 1 Beger 0 100% - - - - -
Vicente et al. [24] 2 0/2 54.5 2 Nakao 0 100% - - - - -
Pappas et al. [25] 6 51 47 6 Frey 33% 87% - - - - -
Schlosser et al. [26] 36 15/21 372 36 Beger 3.6% 81% - - - - -

DPPHR: duodenum-preserving pancreatic head resection; PD: pancreatoduodenectomy; PPPD: pylorus-preserving pancreatoduodenectomy.

Schnelldorfer et al. [18] reported 21 cases of pancreas divisum with
CP that submitted to the Pustrow procedure with a success rate of
90% (Table 2) [18].

Demolitive procedure

Relevant articles in the literature comparing the demolitive pro-
cedure in the treatment of pancreas divisum are insufficient. From
amongst all surgical procedures, pancreatoduodenectomy-with or
without pylorus preservation and duodenum-preserving pancreatic
head resection-are the most known and applied (Table 3). The suc-
cess rate varies from 80%-100% and a complication rate of 0-33%
has been reported [16,19,24-26]. The number of patients in these
studies is small and the best technique has not yet been identified.

Pancreatoduodenectomy (PD) and pylorus-preserving
pancreatoduodenectomy (PPPD)

PD with or without pylorus preservation represents the proce-
dure of choice in these patients. The extent of resection in PD in-
cludes pancreatic head with duodenum and partial gastric resec-
tion. PPPD is a less aggressive procedure in which the stomach is
preserved. When PD and PPPD are performed in high volume pan-
creatic centers, an operative mortality of 2%-5% is reported, with a
success rate in the treatment of pancreas divisum of approximately
80% [27].

Duodenum-preserving pancreatic head resection (DPPHR)

Considering that PD has a high rate of complication and a not
negligible rate of mortality in the treatment of a benign disease,
DPPHR techniques have been reported, with the goal of minimizing
the impact of surgery, and to preserve the enteroinsulinar axis in
glucose homeostasis (Fig. 1)

According to Beger et al. [28] introduced DPPHR procedure, the
pancreas is divided at the level of the portal vein. The pancre-

atic head is then detached although not completely removed, thus
preserving the duodenum and the deeper layer of pancreatic tis-
sue. Reconstruction is then carried out with two anastomoses: the
Wirsung-jejunal anastomosis and the pancreatic head-jejunal anas-
tomosis so as to drain the pancreatic remnant and to cover the
defect in the pancreatic head. If necessary, even the common bile
duct can be drained in order to avoid ischemic complication or by-
pass obstruction.

Frey et al. [29] presented a modified DPPHR resection which
represents a hybrid technique between the Beger and Pustrow pro-
cedures. In the Frey technique the pancreatic head resection is
smaller, and a laterolateral pancreaticojejunostomy is performed
to drain the entire pancreatic duct. In this way, only a single
anastomosis can be realized. This technique is not eligible in the
case of pancreas divisum with chronic pancreatitis with a large
inflammatory mass in the pancreatic head. However, it appears
advantageous in cases with minor inflammatory component and
can be suitable in solving obstruction in the left-sided pancreatic
duct.

In the Bern modification procedure of the DPPHR [30], the ex-
cavation of the pancreatic head can be performed in an identical
manner as the Berger procedure, however it differs from the Berger
procedure as the pancreas is not divided at the level of the por-
tal vein. Reconstruction can be performed by one single anastomo-
sis between the pancreatic excavated head and a jejunal loop. This
technique is suitable in cases in which an inflammatory mass is
not associated with a stenosis of the left-sided duct. If required, a
biliary jejunal anastomosis can be performed.

Nakao et al. described pancreatic head resection with segmental
duodenectomy (PHRSD) in 1998 [31]. In this technique, a complete
pancreatic head resection with segmental duodenectomy including
the minor and major papilla is realized. The first portion of the
duodenum is preserved maintaining the gastroduodenal artery
and the anterior superior pancreaticoduodenal artery. The third
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Fig. 1. Duodenum-preserving pancreatic head resection (DPPHR) techniques. A:
Pancreatoduodenectomy; B: Berger procedure; C: Frey procedure; D: Bern proce-
dure.

and fourth portion of the duodenum are preserved conserving the
anterior inferior pancreaticoduodenal artery. An end-to-end duo-
denoduodenostomy is performed and the biliary and pancreatic
drainage are re-established with a pancreaticojejunostomy and
hepaticojejunostomy in a Roux-en-Y anastomosis (Fig. 2).

Nakao et al. have reported 67 cases of pancreatic head resection
with segmental duodenectomy [32,33]. This technique was pro-
posed by Nakao for the treatment of intraductal papillary muci-
nous neoplasm (IPMN). In this population, mortality was null, pan-
creatic fistula occurred in 10% and 13% with types (alimentary tract
reconstruction) A and B, respectively.

In our opinion, this technique should be considered in the case
of pancreas divisum because it allows an anatomic complete head
resection and avoids ischemic complication of the billiard duct
and duodenum. In previous report [24]|, we described 2 cases of
pancreas divisum treated with Nakao technique. Operative time

Fig. 2. Nakao procedure.

was 200 min and 240 min, and the post-operative stay was 11 and
14 days, respectively. In the second case, a pancreatic fistula was
treated conservatively.

Conclusion

Pancreas divisum is a benign congenital disease. In 5% of pa-
tients it can cause rAP, CP and CAP. Endoscopy is considered the
first line treatment, and offers good results with acceptable com-
plication rate. In our opinion, surgery remains the best option for
symptomatic patients in cases of endoscopic failure.

Surgery offers a good success rate and several techniques have
been described with acceptable complication rate; as reported in
our experience Nakao technique should be considered as a surgical
option in the treatment of pancreas divisum.
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