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Background/aims: Intraductal papillary mucinous neoplasms (IPMNs) are neoplasms of the pancreatic duct epithelium characterized by
intraductal papillary growth and thick mucin secretion. Quantities of mucin fill the main and/or branches of pancreatic ducts and cause
ductal dilatation. This review encompasses IPMNs, including symptoms, diagnosis, management, and prognosis.
Methods: A Pubmed database search was performed. All abstracts were reviewed and all articles in which cases of IPMNs could be
identified were further scrutinized. Further references were extracted by cross-referencing.
Results: Only one-third of all patients are symptomatic. According to the site of involvement, IPMNs are classified into three types: main
duct type, branch duct type, and combined type. Most branch type IPMNs are benign, while the other two types are frequently malignant.
The presence of large mural nodules increases the possibility of malignancy in all types. Presence of a large branch type IPMN and marked
dilatation of the main duct indicate the existence of adenoma at least. Synchronous or metachronous malignancies may be developed in
various organs. Endoscopic retrograde cholangiopancreatography, endoscopic ultrasonography, and intraductal ultrasonography clearly
demonstrate ductal dilatation and mural nodules, while magnetic resonance pancreatography best visualizes the entire outline of IPMNs.
Conclusions: Prognosis is excellent after complete resection of benign and non-invasive malignant IPMNs. The extent of pancreatic
resection and the intraoperative management of resection margins remain controversial. Total pancreatectomy should be reserved for
patients with resectable but extensive IPMNs involving the whole pancreas; its benefits, however, must be balanced against operative
and postoperative risks. Regular monitoring for disease recurrence is important after surgery.
Ó 2006 Elsevier Ltd. All rights reserved.
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The first cases of intraductal papillary mucinous neoplasms (IPMNs) were reported in the 1970s and 1980s.1,2
In the 1990s, the term IPMN was coined, and the tumour
was established as a special entity among the pancreatic neoplasms.3 In 2000, the World Health Organization (WHO)4
and the Armed Forces Institute of Pathology5 classified cystic mucin-producing pancreatic neoplasms into two distinct
entities: IPMNs and mucinous cystic neoplasms (MCNs).
The IPMN is characterized by cystic dilatation of the
main and/or branches of the pancreatic duct. The disease
* Corresponding author. Tel.: þ44 207 377 700; fax: þ44 207 377 7439.
E-mail address: drsgourgiotis@tiscali.co.uk (S. Gourgiotis).
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originates from the epithelium of the pancreatic ducts and
can evolve all the biological stages, from slight dysplasia
to carcinoma that could be simultaneously present with the
same lesion.2,6e13 It mainly occurs in the sixth to seventh
decades of life, affecting males slightly more frequently
than females.14e22 IPMNs account for 0.5% of all pancreatic neoplasms found at autopsy, 7.5% of clinically diagnosed pancreatic neoplasms, and 16.3% of surgically
resected pancreatic neoplasms.23 The majority of IPMNs
occur in the head of the pancreas.
Recent advances in diagnostic imaging have led to an
increased frequency of diagnosis of IPMNs,14e17 but the
clinical features of them can range broadly from benign, borderline, and malignant non-invasive to invasive lesions, and
their management has not yet been clearly defined.18,24e28
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Because IPMNs are slow-growing neoplasms with a good
prognosis, their clinical treatment varies from observation
to surgical resection. However, it is very difficult to distinguish between benign IPMNs and malignant IPMNs using
preoperative diagnostic imaging. Because the prognosis of
IPMNs that have infiltrated into the parenchyma of
the pancreas is poor, surgical resection of a malignant
IPMN is essential.15,16,19,29,30
This study reviews the clinical symptoms, diagnosis,
management, and prognosis of IPMNs. A Pubmed database
search was performed. All abstracts were reviewed and all
articles in which cases of IPMNs could be identified were
further scrutinized. Further references were extracted by
cross-referencing.
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to the back. Another frequent symptom is weight loss which
might have two different physio-pathological mechanisms
related to the stage of the disease. In the early phases, the
hyperproduction of mucin obstructs normal pancreatic secretion, causing pain related to meals. Thus the patients
stop eating in order to avoid pain. In more advanced stage,
weight loss is more probably due to the production of neoplastic factors responsible for cachexia. Jaundice plays an
important role, being a typical symptom of pancreatic
head diseases. Jaundice may ensue when viscid mucin obliterates the ampulla, when the IPMN is large enough to cause
compression of the common bile duct, or when benign or
malignant mural nodules involve the common bile duct
and/or ampulla. Persistent occlusion of the main pancreatic
duct with viscid mucin may result in pancreatic insufficiency, presenting with diabetes and/or steatorrhea. In addition, hyperamylasemia is often present for many years.37,38
However, two-thirds to three-fourths of patients with
IPMN do not display any symptoms due to relatively inactive production of mucin and/or the location of the tumour
in the body or tail portion of the pancreas.
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Pathology

Classification
IPMNs are usually classified into three types: main duct,
branch duct, and combined, according to the site and extent
of involvement.39 Main duct and branch duct IPMN have
significant differences in prevalence of cancer ranging
from 57% to 92%15,16,29,39e44 and 6% to 46%,16,29,39e44 respectively, and therefore the classification has prognostic
implications. This classification of IPMNs is based on imaging studies. Histological examinations of surgical specimens of branch duct IPMN, however, may prove some
degree of main duct involvement, thus putting many branch
duct IPMNs into the mixed category.
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IPMNs are separated into various categories depending
on the degree of atypia: IPMN adenoma, IPMN borderline,
IPMN with carcinoma in situ, and IPMN with invasive carcinoma. IPMN adenoma, IPMN borderline and IPMN with
carcinoma in situ are considered as non-invasive IPMNs.
IPMN with invasive carcinoma is considered as invasive
IPMN. Twenty-five to 48% of IPMNs contain invasive
carcinoma.14e17,19e22,31,32 Invasive carcinoma consists of
mucinous (colloid) type and conventional tubular type.18,32
IPMN has been reported to have a variety of different
features in a single tumour.15,32 Similar to colorectal carcinoma (adenomaecarcinoma sequence) and pancreatic ductal adenocarcinoma (transformation from pancreatic
intraepithelial neoplasia to invasive ductal carcinoma),
there is increasing evidence to support a progression model
for IPMN.16,32 The molecular steps of such progression
have not been well established. There is still no answer to
the timeline of this tumour progression and whether all
non-invasive IPMNs have malignant potential. Currently,
most authors agree that their evolution towards the carcinoma stage is slow, but probably inexorable.33e35 Based
on the mean age of occurrence of the different subtypes
of IPMNs, the lag time between IPMN adenoma and
IPMN with invasive cancer is estimated to be 3 to 6.4
years.15e17,19 Malignant IPMN is associated with a lower
incidence (22%) of lymph node metastasis than ductal
adenocarcinoma,13 and a more favourable prognosis.2,6e13
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Clinical symptoms

Patient with IPMN often presents with acute pancreatitis
of mild to moderate severity and IPMN can be mistaken for
idiopathic pancreatitis when patient has a large, dilated
pancreatic duct. It has been reported that approximately
one-third of patients with IPMN experience symptoms including epigastric discomfort and/or pain, backache, weight
loss, diabetes, and jaundice.15,17,36,37 These episodes are
generally referred to as continuous pain, related to meals,
localized to the upper quadrants of the abdomen, irradiating

Main duct type
A main duct type IPMN is characterized by a diffusely
or partially dilated main pancreatic duct filled with excessive mucin. This type occurs predominantly in the head
of the pancreas and only occasionally in the tail. The inner
surface of the dilated duct frequently contains mural nodules. Patients with marked dilatation of the main pancreatic
duct >1 cm and mural nodules >1 cm face probable diagnosis of malignant IPMN.36,45 Several years of main duct
obstruction with viscid mucin or mural nodules may result
in chronic pancreatitis, in which case the entire pancreas is
markedly fibrotic. When main duct type IPMN is associated
with invasive carcinoma, the gross appearance may not
demonstrate the presence of the IPMN.
Branch type
The branch type IPMN affects one or more branches of
the pancreatic duct, which consequently show cystic
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Combined type
Any combination of the above two types of IPMN is
designated as combined type IPMN. This type is an advanced form of the branch type, in which the IPMN has
spread to the main pancreatic duct, or an ultimate form of
the main duct type, in which the IPMN has involved the
branch ducts as well. In combined type, the main pancreatic
duct contains papillary growth of columnar epithelia of various degrees of dysplasia that produce excessive mucin.
Mere dilatation of the main pancreatic duct due to excessive mucin production by the branch type IPMN should
not be designated as a combined type IPMN.

100% and 73%, specificity 40% and 86%, and accuracy
84% and 82%, respectively.
Recent reports show that magnetic resonance cholangiopancreatography (MRCP) is more sensitive than
ERCP.54e58 Furthermore, MRCP is also non-invasive and
not operator dependent. MRCP shows the high signal intensity of the dilated duct and demonstrates the complex cystic
mass associated with side branch IPMN. ERCP occasionally
fails in demonstrating the whole pancreatic ductal system
because of mucin plug obstruction, while MRCP visualizes
the entire outline of either main duct type or branch type
IPMN and plays an important role in the postoperative
follow-up.
Endoscopic ultrasonography (EUS) improves the accuracy of assessment of the pancreatic parenchyma.13,59,60
The classical features of IPMNs in EUS include dilatation
of the main pancreatic duct, hypoechoic thickening of the
duct wall, mural nodules or papillary projections, and
pancreatic atrophy. However, EUS is highly operator
dependent. Recently, intraductal ultrasonography and peroral pancreatoscopy have been used to locate the tumour
and the mural nodules, and to perform biopsies. In a main
duct IPMN, peroral pancreatoscopy may demonstrate the
fish-egg appearance of a papillary neoplasm, granular or
polypoid mucosa, or rough mucosa, while in a branch type
IPMN, peroral pancreatoscopy may reveal mucin in the
main pancreatic duct.61,62 It is also impossible for peroral
pancreatoscopy to assess the tumour located at a side branch.
Further studies are needed to define the true role of these
new tools.
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dilatation. The dilated branch duct may contain solitary or
multiple tumours and/or viscid mucin. The presence of
large and high mural nodules indicates an increased likelihood of malignancy. When the IPMN is large enough to
cause compression of the main pancreatic duct, obstructive
pancreatitis may result, and jaundice may develop when the
compression affects the common bile duct. Branch duct
type IPMN is less often associated with invasive carcinoma
than main duct type IPMN.15,17,39,40,42 However, the difference in the prognosis of the main duct type and the branch
duct type is still a controversial issue.15,17

Diagnosis
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Computed tomography (CT) may reveal one or more
cystic dilatations in the pancreas (branch type) or diffuse
or segmental dilatation of the main pancreatic duct (main
duct type) with or without polypoid lesions.46e50 The typical feature is a lobulated multilocular cystic lesion located
in the uncinate process and in contiguity with the dilated
main pancreatic duct. CT is also useful for monitoring for
recurrence.15,16,50
Endoscopic
retrograde
cholangiopancreatography
(ERCP) is considered as a standard for the diagnosis of
IPMNs.46,47 It reveals any dilatation of the main pancreatic
duct or branches with filling defects due to the presence of
either mural nodules or mucin. Communication between
a branch type IPMN and the main pancreatic duct is usually
evident.51 On ERCP, these lesions are often suggested by
findings such as a dilated pancreatic duct, a gaping ampulla,
extrusion of mucin, mucous plugging or obstruction, and
a cystic lesion in communication with the main pancreatic
duct or a side branch. Currently, localized stenosis and
marked dilatation of the main pancreatic duct can be
demonstrated clearly by an improved method of endoscopic
retrograde pancreatography (ERP), namely balloon-catheter ERPecompression study (ERPeCS).52 The use of
a long balloon-catheter makes it possible to obtain better
quality pancreatograms by spot film compression. Maeshiro
et al.53 reported that in two groups of patients with main
duct type and branch duct type neoplasms, the diagnostic
ability of balloon ERPeCS was calculated as sensitivity

Preoperative predictors of malignancy
Several researchers have described preoperative variables common in patients with IPMNs, and some have
attempted to correlate them with subsequent histologic
findings or survival outcomes. These variables have included tumour size, sex, diabetes mellitus, pancreatitis,
steatorrhea, abdominal mass, weight loss, serum CA 19-9
level, and serum carcinoembryonic antigen (CEA) level.
Kawai et al.63 estimated tumour size (>30 mm) and
mural nodule size (>5 mm) from preoperative imaging
and showed a correlation of increasing size with malignancy. The same study correlated cytologic findings in
pure pancreatic juice (CEA level > 110 ng/ml) with malignancy. Salvia et al.15 and Wiesenauer et al.27 suggested
jaundice and worsening or new onset of diabetes mellitus
as preoperative predictors for IPMN malignancy. Kubo
et al.60 suggested some EUS findings as predicted factors
for IPMN malignancy: main duct type tumour with dilated
main pancreatic duct  10 mm, branch duct type tumour > 40 mm with irregular septa, and large mural nodules > 10 mm. Finally, based on other authors’
reports,17,41,64,65 three features suggest malignant IPMN:
tumour size > 30 mm, main duct type tumour and mural
nodules.

S. Gourgiotis et al. / EJSO 33 (2007) 678e684

Association with other malignancies

Au

th
o

r's

co

al

pe

rs

Another characteristic of IPMNs is their association with
malignancy in other organs. Not infrequently, patients with
an IPMN have synchronous or metachronous malignancy in
various organs. The rate of association of IPMNs with
malignant neoplasms in extrapancreatic organs has been reported to range from 23.6% to 32%.51,67 Yamaguchi et al.51
described non-pancreatic malignancies in 18 of 56 patients
(32%) with resected IPMNs. Sugiyama and Atomi67 reported that 15 of 42 patients (32%) with benign and malignant IPMNs had also non-pancreatic neoplasms including
colorectal, gastric, and bile duct cancer before, at, or after
surgery for an IPMN.
These results may suggest that patients with IPMN may
be genetically predisposed to the development of malignant
tumours in a variety of organs. This may be biased,
however, in part by the fact that some IPMNs are detected
during follow-up of other, previously treated malignant
tumours. Nonetheless, we should be well aware of the
possibility that an IPMN may be an indicator of pancreatic
cancer.68 Increased knowledge of an IPMN and its relationship with pancreatic cancer may lead to an earlier diagnosis
of pancreatic cancer and improved patient prognosis.
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Distinction of IPMNs from chronic pancreatitis is of
clinical significance, especially in patients with main duct
type IPMN. Demographic data (sex, age) and life habits
(alcohol, smoking) may contribute to the differential diagnosis between IPMN and chronic pancreatitis, while the presence of jaundice and diabetes are suggestive of malignancy.
Differentiation between the IPMNs and the MCNs still
presents some complications. Tumour cells of MCNs
have the same cytologic features as those of the IPMNs.
MCNs occur almost exclusively in women of around 25
years of age. The average age is higher when the neoplasm
takes on malignant behavior. The topography of the neoplasm can be useful for differential diagnosis since IPMN
is electively located in the uncinate process, while 93%
of MCNs involves the body and the tail. Moreover, it is
necessary to point out that IPMNs are almost always symptomatic, mimicking chronic pancreatitis, while the MCNs
are almost always asymptomatic. It has also been proposed
that ovarian-type stroma is a characteristic histologic
feature of MCNs.36,66

best chance of a cure; (2) there are no reliable criteria
and investigatory tools to differentiate non-invasive from
invasive IPMNs; (3) the treatment outcome is worse for
other treatments than for surgical resection, especially for
non-invasive IPMNs; (5) the operative mortality and morbidity is acceptably low.11,14e17,19e22,69
For IPMN which involves the whole pancreas, total pancreatectomy should be performed. For localized IPMN
shown on preoperative imaging, whether the extent of resection should be partial or total pancreatectomy remains
controversial. Even after partial pancreatectomy with negative surgical margin for non-invasive IPMN, the tumour can
recur as disseminated disease or as locally invasive or
non-invasive disease in the pancreatic remnant.14e17,19e22
Theoretically, prophylactic total pancreatectomy for IPMN
solves this problem. In clinical practice, only 8%e23% of
surgical resections for IPMNs were total pancreatectomies
because total pancreatectomy causes a complete loss of
pancreatic endocrine and exocrine function which is very
difficult to manage, and total pancreatectomy cannot entirely
solve the problem of tumour recurrence.14e17,19,21,22,31
For non-invasive IPMN, the reported overall disease
recurrence rate is low (1.3%e9.3%), which includes pancreatic remnant recurrence rate (1.3%e6.3%) and disseminated
disease recurrence rate (0%e4.7%).15e17,19,22 Furthermore,
some of the isolated pancreatic remnant recurrence can be
cured by a repeat pancreatectomy. Thus, total pancreatectomy is not necessary for the majority of patients. For invasive IPMN, the overall disease recurrence rate is
12%e68%.15e17,19,22 However, the recurrence in the form
of disseminated disease (3.4%e44%) is higher than isolated
pancreatic remnant recurrence (0%e15%).15e17,19,22 Thus,
prophylactic total pancreatectomy may not solve the problem of the high incidence of disseminated disease recurrence.
Based on the available studies, patients with IPMN should
receive segmental pancreatectomy, which preserves exocrine and endocrine pancreatic functions, as far as negative
ductal margins can be obtained, while total pancreatectomy
should be reserved for patients with resectable but extensive
IPMN involving the whole pancreas.15e17,19,22,70
It is difficult to assess the extent of pancreatic ductal involvement of IPMN before surgical resection. Intraoperative
ultrasonography71 and pancreatoscopy may be helpful in determining the site of resection. Diffuse dilatation of the main
pancreatic duct can be due to mucus plugs, tumour obstruction of the pancreatic duct, or diffuse tumour involvement of
the pancreatic duct. Tumours involved ductal margins after
resections, including both benign and malignant pathology,
were reported from 23% to 52%.15e17,19,22,72 Intraoperative,
frozen-section diagnosis should be adequately used, although diagnosis by frozen histology is not always accurate
and definite.30,72 The resection should be extended if the
ductal margin shows malignant invasive disease. However,
the management of the ductal resection margin with benign
non-invasive disease, such as the various degrees of atypia or
dysplasia, is a controversial issue. Some patients may

py

Differential diagnosis

Management

IPMNs are the most common lesions among cystic
tumours with many difficulties for the physician not only
in their detection but also in choosing the best therapy
and intraoperative management. Surgical resection is the
treatment of choice for IPMNs for the following reasons:
(1) surgical resection remains the option that gives the
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Prognosis, recurrence, and surveillance
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The overall 5-year survival for IPMNs is
36%e77%.14e17,19,22,31,73,74 The 5-year survival of surgical
resection for non-invasive IPMNs was reported from 77%
to 100%,15e17,19,22,31,75 while the 5-year survival of surgical resection for IPMNs with invasive carcinoma has
been reported from 27% to 60%.15e17,19,22,75 The presence
of invasive carcinoma, the type of the invasive component
(tubular is worse than colloid), lymph node involvement,
the presence of vascular invasion, surgical margin involvement and the presence of jaundice are poor prognostic factors for patients with IPMNs after resection.15e17,19,22 It has
been reported that the malignant IPMN acquires aggressive
behavior similar to that of common-type pancreatic carcinoma once it has invaded the pancreatic parenchyma.76
Patients with resected benign IPMNs have a risk of recurrence in the remaining pancreas, and if it occurs can benefit
for further resection. The overall recurrence rate for IPMNs
varies from 7% to 43%.15e17,19,22 There is a risk of recurrence in both the non-invasive and the invasive IPMNs, so
follow-up and monitoring is important. Repeat resection
for isolated recurrence in the pancreatic remnant gives
good results.15e17,19,22 Sohn et al.16 reported five patients
with isolated recurrent IPMN in the pancreatic remnant,
treated with repeat pancreatectomy. Two patients had noninvasive IPMN recurrence and three patients had invasive
IPMN recurrence; only one patient died of disseminated
disease. Salvia et al.15 reported six patients with isolated recurrent IPMN in the pancreatic remnant, treated with repeat
pancreatectomy. One patient had non-invasive IPMN recurrence and five patients had invasive IPMN recurrence; only
three patients had died of disseminated disease.
There is no evidence in the literature to define the frequency and type of surveillance that is required to detect
these recurrences. One study suggests only clinical follow-up and imaging if symptoms appear.19 A regimen consisting of an yearly CT or MRCP is most widely used for
surveillance.15e17,19 It has also been suggested that pancreaticogastric anastomosis should be used after pancreaticoduodenectomy to allow disease surveillance with
endoscopy and sampling of pancreatic juice for cytology.30
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