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A B S T R A C T   

Purpose: To evaluate the outcome of a MR imaging procotol in assessing the evolution of individuals with branch 
duct - intraductal papillary mucinous neoplasms (BD-IPMN) without worrisome features (WF) and/or high risk 
stigmata (HRS) at the time of the diagnosis in a follow-up period of at least 10 years. 
Material and methods: A retrospective revision of a prospectively collected radiological database including a total 
number of 600 patients who were investigated and diagnosed with “presumed” diagnosis of BD-IPMN at MRI/ 
MRCP at our Department since 2008 was performed. Inclusion criteria were: 1) absence of worrisome features 
and/or high-risk stigmata at the time of diagnosis (baseline); 2) a radiological follow-up with abdominal MRI/ 
MRCP of at least 10 years. Changes in cysts size, development of WF, HRS and pancreatic cancer, and any other 
modification during the follow-up were retrospectively analysed by two observers in consensus. 
Results: Sixty-nine patients fulfilled all the inclusion criteria. During surveillance, the cysts remained dimen-
sionally unchanged or slightly reduced in size in 26.2% and 4.3% of cases respectively, whereas cyst enlargement 
was demonstrated in 69.5% of cases. Median annual growth rate was of 0.97 ± 0.87 mm/yr (range 0.13-5.0). WF 
and HRS developed in 10/69 (14.5%) and 3/69 (4.3%) cases, respectively. The incidence of pancreatic cancer in 
patients with BD-IPMN was 2.9%. 
Conclusion: Our data confirm the low risk of pancreatic cancer development in patients with BD-IPMN, thus 
justifying an imaging follow-up. Worrisome features and high-risk stigmata were promptly identified during the 
follow-up, supporting the utility of our surveillance MR imaging protocol.   

1. Introduction 

Intraductal papillary mucinous neoplasms (IPMNs) of pancreas are 
cystic tumors of mucin-producing cells that originate from main 
pancreatic duct or its branches. 

IPMNs are most frequently identified in patients with age of 50-60 
years [1] and occur most often in the pancreatic head and uncinate 
process [2]. 

Commonly, small intraductal tumors are occasional radiological 
findings at imaging performed for other reasons. In fact, they are usually 
asymptomatic and may remain silent for years. When symptomatic, 
clinical presentation can be aspecific. Patients may complain abdominal 
pain, weight loss, jaundice, new-onset diabetes and more frequently, 
episodes of pancreatitis [3,4]. 

IPMNs are commonly classified into three types based on radiolog-
ical imaging findings and/or histology: main duct-IPMN (MD-IPMN), 

branch duct-IPMN (BD-IPMN), and mixed type [5]. 
MD-IPMN is defined by the presence of diffuse or segmental dilation 

of the main pancreatic duct (MPD) greater than 5 mm, without other 
causes of obstruction. However, according to recent reports in literature, 
a lower threshold for MPD dilation (5 mm) is suggested, which also 
leads to an increase of the sensitivity for radiologic diagnosis of MD- 
IPMN [5–14]. 

BD-IPMNs exclusively involve the secondary ducts. At imaging, they 
consist of single or more likely multiple, often multifocal, unilocular or 
septated cystic lesions in communication with the main pancreatic duct 
[5]. 

In mixed type IPMN, the criteria for both MD-IPMN and BD-IPMN are 
met [5]. Histologically, IPMNs may include hyperplastic lesions, various 
grades of dysplasia and carcinomas. In fact, IPMNs are at risk of 
degeneration and malignant transformation: it is therefore important to 
distinguish malignant from benign forms in order to schedule a proper 
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follow-up and/or eventually plan surgical treatment. 
Due to the high malignant potential of main-duct and mixed type 

IPMNs, many guidelines recommend surgical resection for these types of 
neoplasm at the time of diagnosis [5,15–17]. On the other hand, 
follow-up is indicated for patients with BD-IPMN in absence of any 
suspicious features at the time of the diagnosis, since during surveillance 
the reported incidence of pancreatic carcinogenesis is lower (3-8%) 
[15–21]. However, some major differences in timing and duration of 
follow-up across the studies exist [22]. 

Surgical resection is recommended when imaging or clinical features 
suggesting development of malignancy are observed during the sur-
veillance period [22]. 

Therefore, the purpose of our study was to evaluate the outcome of a 
MR imaging procotol in assessing the evolution of individuals with BD- 
IPMN without worrisome features (WF) and/or high risk stigmata (HRS) 
at the time of the diagnosis with a follow-up of at least 10 years. 

2. Material and methods 

Ethical approval was waived by the local Ethics Committee of our 
hospital in view of the retrospective nature of the study and all the 
procedures being performed were part of the routine care. Before MRI 
examination, all patients provided written informed consent to the 
processing of personal data even for study purposes. Patients’ data 
anonymization was performed. 

2.1. Study design and patients’ characteristics 

A retrospective revision of a prospectively collected radiological 
database including a total number of 600 patients who were investigated 
and diagnosed with IPMN at our Department since 2008 was performed. 
The patients were subclassified according to main duct involvement 
(MD-IPMNs), branch-duct subtype (BD-IPMNs) and mixed type. 

Patient’s demographics and radiological records were collected. 
Among them, a group of patients with “presumed” diagnosis of BD-IPMN 
at MRI/MRCP was selected. Inclusion criteria were the absence of WF 
and/or HRS at the time of diagnosis (baseline) and a radiological follow- 
up with abdominal MRI/MRCP for at least 10 years. Worrisome features 
were represented by: cyst size ≥ 3 cm; presence of contrast-enhancing 
thickened walls and/or of non contrast-enhancing mural nodules; 
main pancreatic duct (MPD) caliber of 5-9 mm; MPD abrupt interrup-
tion; cyst growth > 5 mm every 2 years. High-risk stigmata were 
considered the precence of contrast-enhancing mural nodule ≥ 5 mm 
and a main pancreatic duct caliber ≥ 10 mm. 

Patients with missing data and/or without 10-years follow-up were 
excluded from the analysis. 

2.2. MRI protocol 

All MR examinations were performed on 1.5 T system (Signa Excite 
HDxt; GE Healthcare, Milwaukee, Wisconsin, USA). 

Before starting the examination, scopolamine methyl-bromide was 
administered intramuscularly to avoid peristaltic artefacts. 

The standard imaging protocol included T1-weighted breath-hold 
SPGR in-phase and out-of-phase axial sequences and T2-weighted axial 
sequences (both breath-hold, single-shot fast spin-echo and respiratory- 
triggered, fat-suppressed fast spin-echo) of the upper abdomen including 
the pancreatic gland. Then, MRCP was performed by respiratory- 
triggered, three-dimensional, heavily T2-weighted fast spin-echo (3D 
FRFSE) sequence and breath-hold, thick-slab, single-shot FSE T2- 
weighted sequences performed in the coronal and oblique-coronal pro-
jections. Diffusion weighted imaging (DWI) of the pancreatic region was 
performed using an axial respiratory-triggered spin-echo echo-planar 
sequence with multiple b values (300, 500, 700, 1000s/mm2) in all 
diffusion directions. At the baseline and if there was a suspicion of 
degeneration during the follow-up, a three-dimensional fat-suppressed 

Liver Acquisition with Volumetric Acceleration (LAVA) sequence was 
obtained in the axial and sometimes coronal plane before and after 
intravenous injection of Gadolinium-based contrast agents. Post- 
contrast images were obtained in the arterial, portal-venous and 
delayed (between 3 and 5 minutes) phases. 

2.3. Follow-up protocol 

According to the policy of our Regional Referral Center for Pancre-
atic Disease, patients were imaged with abdominal MRI/MRCP every 6 
months in the first 2 years from diagnosis and then yearly in the absence 
of radiological signs of progression. 

Changes in cysts size, development of WF, HRS and pancreatic can-
cer (PC), and any other modification during the follow-up were retro-
spectively analysed by two observers in consensus with experience of 
>15 years and 5 years in abdominal radiology, respectively. 

In case of development of WF in the follow-up period, patients were 
investigated with endoscopic ultrasound (EUS). Surgery was indicated 
in case of mural nodules and/or solid components, malignancy at 
cytology and/or direct involvement of the MPD at EUS. 

Surgical resection was also indicated in all patients who developed 
HRS during surveillance, if fit. 

2.4. Statistical analysis 

All statistical analysis was performed using SPSS software (version 
25.0; IBM Corp., Armonk, NY, USA). 

Categorical data were described by using absolute and relative fre-
quency, while quantitative data were expressed as means ± standard 
deviation (SD). Chi square test was used to compare “surgery” (not; yes) 
with “diameter of Wirsung” (≤5 mm; >5 mm) and odds ratio was 
calculated. A value of P < 0.05 was considered statistically significant. 

3. Results 

Our final cohort included a series of sixty-nine patients fulfilling all 
the inclusion criteria. 

During surveillance, the cysts remained dimensionally unchanged or 
slightly reduced in size in 18/69 (26.2%) and 3/69 (4.3%) cases, 
respectively. In the remaining 48/69 (69.5%) cases, cyst enlargement 
was demonstrated with median annual growth rate of 0.97 ± 0.87 mm/ 
yr (range 0.13-5.0). 

WF and HRS developed in 10/69 (14.5%) and 3/69 (4.3%) cases, 
respectively: WF included cyst dimension ≥ 3 cm (4/10), main 
pancreatic duct of 5-9 mm (3/10) [Fig. 1], cyst growth rate of 5 mm/ 
2 yr (2/10) and non-enhancing mural nodule (1/10); HRS were repre-
sented by main pancreatic duct caliber greater than 10 mm [Fig. 2] in 
two patients, and presence of enhanced solid components in the other 
one [Fig. 3]. 

In our series, all ten patients with WF were investigated with EUS and 
four of them did not show any signs of malignancy. The remaining 6 out 
of 10 patients with WF were candidate to surgery due to suspected signs 
of malignancy at EUS (mural nodules or solid components, malignancy 
at cytology and/or direct involvement of the MPD). Among them, only 
four out of six subjects underwent surgery since one patient refused 
surgical intervention (n = 1) and the other one was unfit (n = 1). In this 
subgroup, PC (n = 1) and IPMN with low grade dysplasia (n = 3) were 
the final histopathological diagnoses. 

Among patients with HRS (n = 3), only one underwent surgery and 
PC was diagnosed at pathological examination. In the other two cases, 
surgery was not performed since one patient refused the surgical inter-
vention (n = 1) and the other one was not eligible to the surgical pro-
cedure due to medical comorbidities (n = 1). 

Overall, in our study group only five patients (7.2%) underwent 
surgery due to the development of HRS (n = 1) and WF (n = 4). 

Furthermore, from the analysis of the caliber of the Wirsung duct in 
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all 69 patients, a diameter less than or equal to 5 mm was associated 
with a significant decreased risk of surgical intervention, unlike the 
other group of patients with a Wirsung caliber greater than 5 mm 
(p = 0.003; odds ratio (OR) = 13.5) [Fig. 4]. 

4. Discussion 

The term intraductal papillary mucinous tumor was adopted in 1997 
[23]. Since then, there has been a rising interest in IPMNs because their 
diagnosis is constantly growing, especially for BD-IPMN, with increasing 
prevalence in the last years, which is mainly due to the improvement of 
radiological imaging modalities. 

Several guidelines indicating how to follow-up patients with BD- 
IPMN are available, with different protocols and timing of surveillance 
programs. 

The American Gastroenterological Association (AGA) guidelines 
indicate to stop follow-up of asymptomatic cysts of the pancreatic gland 
with no or minimal change during 5-year surveillance [15,24]. Other-
wise, according to the “European evidence-based guidelines on pancreatic 
cystic neoplasms”, individuals with IPMN without indication for surgery 
at the time of diagnosis should be followed up until they are no longer fit 
for surgery [17]. Actually, there is a lack of long-term surveillance data 
about patient with BD-IPMN in large population studies [22]. 

In this scenario, there is a strong need to establish surveillance pro-
grams for patients with BD-IPMNs, due to their possible evolution into 
pancreatic ductal adenocarcinoma. In fact, while surgical resection is 

recommended at the time of diagnosis for main-duct IPMNs due to their 
high malignant potential [15–17,20], individuals with BD-IPMN should 
be followed-up. 

Our experience confirms that patients with BD-IPMN are at risk of 
developing pancreatic carcinoma even during long surveillance (2.9% of 
patients in our series). Furthermore, a recent study showed that there 
are no individuals with BD-IPMN with “zero risk” for cancer develop-
ment [25]. In addition, even the timing of the follow-up is still matter of 
debate. According to the European evidence-based guidelines on 
pancreatic cystic neoplasms, a 6-month follow-up in the first year and 
yearly thereafter is adequate when there aren’t suspicious features that 
establish an indication for surgery. However, as mentioned before, 
stricter protocols may be used: in accordance to our internal policy 
developed by a multidisciplinary team (which included radiologists, 
oncologists and surgeons) and based on medical data reported in liter-
ature and local expertise, patients are imaged with abdominal 
MRI/MRCP every 6 months in the first 2 years from diagnosis and then 
each year in the absence of clinical/radiological signs of progression 
until unfit for surgery. In our experience, EUS should be utilized in all 
patients with WF in order to select candidates to surgery. 

MRI is the adopted imaging modality for the follow-up of individuals 
with IPMN according to the European evidence-based guidelines on 
pancreatic cystic neoplasms (PCNs). We agree that MRI surveillance 
protocols are safe because only a minimal portion of BD-IPMNs requires 
surgical resection [25]. In this context, MRI is the best option for sur-
veillance because of its accuracy, even if it is a time-consuming and 

Fig. 1. a: Patient with BD-IPMN without any WF or HRS and regular Wirsung 
caliber at baseline MRCP; 1b: After 8 years of follow-up, MRCP shows 
segmental dilation of Wirsung duct measuring 7 mm at the level of the 
pancreatic tail (WF), associated to a diffuse increase in cysts size. 

Fig. 2. a: Patient with BD-IPMN without any WF or HRS and regular Wirsung 
caliber at baseline MRCP; 2b: After 4 years of follow-up, MRCP well exhibits a 
diffuse dilation of the Wirsung duct with maximum diameter of 11 mm (HRS), 
associated to a diffuse increase in cysts size. 
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expensive imaging modality. MR imaging protocol should always 
include the whole pancreas in the follow-up because of an increased risk 
of new-onset cancer in the entire glandular parenchyma. However, our 
MRI follow-up protocol is a shorter protocol since it includes the same 

sequences as the first examination except use of Gadolinium-enhanced 
T1-weighted sequences, that were utilized only if there was a suspi-
cion of degeneration on non-enhanced study. For the surveillance of 
PCNs Pozzi-Mucelli RM et al [26] reported that short-protocol MRI 
provides information equivalent to the more time-consuming and costly 
comprehensive-protocol. According to their experience, evaluation of 
imaging risk factors in PCNs is comparable with both MRI-protocols. We 
agree with these observations, but we think that it is important to utilize 
diffusion-weighted imaging also in the short-protocol MRI since it is 
little time-consuming and can provide useful information in identifyng 
possible risk factors of BD-IPMN. 

During the follow-up, we mainly focused on the development of WF e 
HRS; in addition, we evaluated also cyst growth rate because it has been 
reported as the most important predictor of malignancy and survival 
[25,27]. In fact, even though most BD-IPMNs do not progress during 
their natural history, a rapid increase in size during surveillance must 
not be underestimated because it may represent a predictor of PC 
development. In the present study, most cysts increased slightly in size 
during follow-up: 0.97 ± 0.87 mm/yr. 

Another crucial point is the caliber of the MPD during the surveil-
lance. In our study group, patients with a Wirsung duct caliber greater 
than 5 mm were associated with a significant increased risk of surgery. 
Therefore, when MPD diameter starts to increase during the follow-up, 
patients should be candidate to intensive surveillance and surgery 
should be considered. 

In our series of 69 patients with BD-IPMNs without imaging risk 

Fig. 3. a-c: Patient with BD-IPMN without any WF or HRS at the baseline; 3d-g: After 8 years of follow-up, an enhanced solid lesion (red arrows) developed (3d-f) 
with restriction of diffusivity (3f) at the level of pancreatic body-tail. An increase in cysts size is also observed on MRCP (3 g). Patient underwent surgery with final 
histopathological diagnosis of PC. 

Fig. 4. The comparison between surgery and diameter of Wirsung duct showed 
that patients with Wirsung’s diameter less than or equal to 5 mm were asso-
ciated with a significant decreased risk of surgical procedure, unlike the other 
group of patients with a Wirsung caliber greater than 5 mm (p = 0.003; odds 
ratio (OR) = 13.5) 
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factors at the time of diagnosis, 13 out of them (19%) developed WF 
and/or HRS during the follow-up. Our analysis confirms previous data: 
in fact, even if the risk of development PC is relatively minimal, it is still 
present longlife, both immediately after diagnosis and during long 
period of surveillance. Therefore, we support repeated observations 
until patients are considered unfit to surgery. We do not recommend 
follow-up discontinuation even in case of indolent cysts without radio-
logical or clinical signs of progression. 

The limitations of our study are: 1) the retrospective study design; 2) 
the lack of comparison with clinical and laboratory test results. How-
ever, our study was aimed to test the reliability of MR signs in the follow- 
up of patients with BD-IPMN; 3) the relatively small sample of patients 
with a long follow-up (more than 10 years). This allowed us to formulate 
only preliminary data about the progressive evolution of BD-IPMNs. In 
fact, considering the high prevalence of IPMN in the population [28], a 
larger number of patients with BD-IPMN with 10 years of follow-up 
should be evaluated to elucidate better the clinical course of patients 
with BD-IPMN and to compare the incidence of pancreatic carcinoma 
after 10 years follow-up with respect to the general population. 

5. Conclusions 

In our series of patients with BD-IPMN that were followed-up with 
MRI/MRCP for at least 10-years, the incidence of pancreatic cancer was 
2.9%, thus justifying an imaging follow-up. Worrisome features and 
high-risk stigmata developed in 14.5% and 4.3% of patients, respec-
tively and were promptly identified supporting the utility of our sur-
veillance MR imaging protocol. 

Future goals should include long-lasting follow-up in a large series of 
patients, with particular attention to rapidly changing BD-IPMNs. The 
evolution of the entity IPMN requires a deep knowlegde of the most 
recent guidelines and a continuous updating of them, in order to identify 
possible “new stigmata” of malignancy and define the best timing of 
imaging follow-up. 
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