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Abstract 

Background: No previous studies have examined the possible relationship between intraductal papillary mucinous 
neoplasm (IPMN) and the developmental ductal variations of the pancreas, such as an ansa pancreatica and a mean-
dering main pancreatic duct (MMPD).

Methods: This retrospective cross-sectional study enrolled 214 patients, 108 with IPMN disease and 106 subjects 
from a community at the tertiary care unit. The main pancreatic duct (MPD) was evaluated in the head of the pan-
creas by its course, which were non-MMPD: descending, vertical, and sigmoid, or MMPD including loop types, reverse-
Z subtypes, and an N-shape, which was identified for the first time in this study. IPMN patients were also evaluated for 
worrisome features (WF) or high-risk stigmata (HRS), and the extent of IPMN cysts.

Results: Among IPMN patients, 18.4% had MMPD, which we observed in only 3.0% of the control group (P < 0.001). 
Patients with MMPD were more likely to belong to the IPMN group compared with non-MMPD patients [odds ratio 
(OR) 6.4, 95% confidence interval (CI) 2.2–24.9]. Compared with a descending shape MPD, IPMN patients with an 
N-shaped MPD were more likely to have a cystic mural nodule (OR 5.9, 95% CI 1.02–36.0). The presence of ansa pan-
creatica associated with more extent IPMN disease (OR 12.8, 95% CI 2.6–127.7).

Conclusions: IPMN patients exhibited an MMPD more often than control patients. Ansa pancreatica associated with 
multiple cysts. Furthermore, an N-shape in IPMN patients associated with cystic mural nodules, suggesting that this 
shape serves as a risk factor for more severe IPMN.

Keywords: Intraductal papillary mucinous neoplasm (IPMN), Meandering main pancreatic duct (MMPD), Ansa 
pancreatica, Worrisome features, MRI
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Background
Intraductal papillary mucinous neoplasms (IPMNs) of 
the pancreas are cystic changes that carry a risk of malig-
nant transformation [1]. IPMN disease falls into three 
types: branch-duct IPMN (BD-IPMN) in which cysts 

develop in the branch ducts, main duct IPMN (MD-
IPMN) in which the main pancreatic duct (MPD) widens, 
and mixed-type IPMN (MX-IPMN) in which both cysts 
develop and the MPD is larger than normal [2]. MX-
IPMN and MD-IPMN more often accompany malignant 
transformation [1, 3, 4]. Additionally, certain worrisome 
features (WF) and high-risk stigmata (HRS) indicate a 
higher risk for cancer [3].

During gestation, the ventral and dorsal pancreatic 
buds first develop separately and then fuse normally 
with their corresponding ducts [5, 6]. However, there are 

Open Access

†Hanna Seppänen and Tiina E. Lehtimäki shared equal last authorship.

*Correspondence:  katarina.johansson@hus.fi

1 Department of Radiology, HUS Diagnostic Center, University of Helsinki 
and Helsinki University Hospital, PO Box 340, 00029 HUS Helsinki, Finland
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12876-022-02465-w&domain=pdf


Page 2 of 9Johansson et al. BMC Gastroenterology          (2022) 22:394 

several developmental variations that can alter the duct 
configuration. The duct of Santorini, which drains to the 
minor papilla, is an accessory pancreatic duct that can 
also be prominent or rudiment [6]. In 30–32% of indi-
viduals, the duct of Santorini disconnects from the minor 
papilla [7, 8]. Furthermore, the configuration of the duct 
can vary. At the fusion point of the ducts of Santorini 
and MPD, the MPD may diminish in caliber or develop 
a loop configuration [6]. Ansa pancreatica is a rare vari-
ant, whereby the duct of Santorini takes on a curved or 
looped course after its fusion point with the MPD [8–10]. 
Ansa pancreatica can terminate at or near the minor 
papilla without connecting to the duodenum [8]. Several 
studies observed an association between ansa pancreat-
ica and pancreatitis [9, 11–13].

Pancreas divisum is the most common congenital 
anomaly of the pancreatic ductal system, reported in 
4–14% of the population [6, 7, 14, 15]. Pancreas divisum 
results when the ventral and dorsal pancreatic ducts fail 
to fuse [7]. Four different types of pancreas divisum have 
been identified: complete [7], incomplete [15], absent 
ventral duct [16, 17], and reverse pancreas divisum [6, 15, 
18–20]. Santorinicele, a focal dilatation of the terminal 
portion of the duct of Santorini [15], primarily associates 
with pancreas divisum and a relative obstruction at the 
minor papilla [7, 21], although it can appear in individu-
als who do not have pancreas divisum [22, 23].

In addition to the abovementioned developmental 
variations in ductal anatomy, variations also exist in the 
course of MPD at the pancreas head. Meandering MPD 

(MMPD) occurs when the MPD at the head of the pan-
creas forms two or more tight extrema horizontally 
observed in coronal images in magnetic resonance chol-
angiopancreatography (MRCP) sequences, making a loop 
or so-called reverse-Z type shaped hairpin curves, and 
not accompanied by other pancreatic ductal anomalies 
[24]. Gonoi et al. estimated that MMPD associates with 
pancreatitis [24]. To our knowledge, no previous research 
examined such variations and their association with 
IPMN disease.

Here, we aimed to determine if developmental varia-
tions and variations in the course of the pancreatic ducts 
associate with IPMN disease. We also aimed to deter-
mine if duct variations associate in any way with the 
severity of IPMN disease based on the presence of WF 
and/or HRS and the extent of cysts on the pancreas.

Methods
Patient population
We used the following inclusion criteria for this study: 
MRI images from the abdomen that included MRCP 
sequences, relying on 1.5 Tesla (1.5  T) or 3 Tesla (3  T) 
images with a normal image quality. For the IPMN group, 
the inclusion criteria also included a positive working 
diagnosis of IPMN based on radiological diagnostic cri-
teria (Fig. 1) [3].

Among the control group, we excluded individuals with 
any pancreatic illness such as a pancreas tumor or cyst, 
acute or chronic pancreatitis, and patients who under-
went pancreas surgery or who presented with diabetes.

Fig. 1 Flowchart of the study population
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Our IPMN study population consisted of 183 patients 
monitored for pancreatic cysts at the Helsinki University 
Hospital pancreatic outpatient clinic between April 2015 
and December 2016. Our control population consisted of 
366 patients scanned based on a suspicion of gallstones at 
the Helsinki University Hospital between April 2020 and 
January 2021. Among 183 IPMN study patients, 57 were 
excluded due to an insufficient diagnostic quality of the 
imaging (motion artefacts), 5 due to non-IPMN disease, 
and 13 because the images were based on other modali-
ties. Among 366 control group patients, we excluded 109 
because of pancreatic cysts (29.8%), 58 due to motion 
artefacts, 7 with dilated MPD, 58 with pancreatitis, 8 
with pancreatic tumor, 8 who underwent pancreas sur-
gery, and 12 who presented with diabetes (Fig. 1).

This retrospective study was registered with and 
approved by the Surgical Research Committee of Hel-
sinki University Central Hospital (HUS/333/2019, 
extended HUS/155/2021) and by the Diagnostic Research 
Committee of Helsinki University Central Hospital 
(HUS/211/2020). We were not obligated to secure writ-
ten informed consent from patients because of the retro-
spective nature of this study and based on the Act on the 
Secondary Use of Health and Social data (552/2019).

MRI imaging techniques
For the IPMN group, MRI examinations were performed 
using a 1.5  T scanner (Magnetom Avanto Systems, Sie-
mens Healthineers). T2-weighted MRCP three-dimen-
sional (3D) images were acquired through sampling 
perfection with application-optimized contrast using 

different flip angle evolution (SPACE). Imaging relied on 
a repetition time (TR) of 2500 ms and an echo time (TE) 
of 700 ms, as well as a slice thickness (ST) of 1 mm with a 
trigged breathing technique.

For the control group, MRI examinations were per-
formed using a 1.5  T scanner (Magnetom Avanto 
Systems) or a 3 T scanner (Magnetom Skyra Systems, Sie-
mens Healthineers). For the 1.5 T scanner, T2-weighted 
MRCP 3D images were acquired through SPACE (TR/
TE = 4000–4700/705  ms, ST 1.3  mm) with a trigged 
breathing technique. On the 3  T scanner, T2-weighted 
MRCP 3D images were acquired through SPACE (TR/
TE = 3000–4600/700  ms, ST 1.3  mm) with a trigged 
breathing technique.

Image interpretation
Imaging data were retrospectively analyzed indepen-
dently by two radiologists experienced in pancreatic 
imaging (KJ and TL, with 5 and 12  years’ experience, 
respectively). The radiologists were blinded to all clinical 
information.

In both groups, we determined the presence or absence 
of the duct of Santorini or the ansa pancreatica (Fig. 2). 
In the existing duct of Santorini or ansa pancreatica, we 
determined whether or not the duct connected to the 
small bowel via minor papilla. We also examined images 
for the possible presence of the pancreas divisum, cat-
egorizing variations as complete, incomplete, reverse, 
and absent of the ventral duct. The presence or absence 
of the santorinicele was determined and measured. Pos-
sible MMPD at the head of the pancreas was categorized 

Fig. 2 Meandering main pancreatic duct (MMPD) at the head of the pancreas. a Reverse-Z subtype C1 where the more upstream turn is tight 
and < 90° and the second turn is smoother and > 90°. b Reverse-Z subtype C2 where the more upstream turn is > 90° and the second turn is tight 
and < 90°. c Reverse-Z subtype C3 where there are two tight and < 90° turns in the horizontal direction along the same plane. d C3 subtype with the 
duct of Santorini which attaches to the right tight turn and drains into the minor papilla. e Loop-up configuration. f Loop-down configuration. g 
N-shape where the duct forms a deep notch. h N-shape where the ansa pancreatica attaches to the notch and drains into the minor papilla
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as C1, C2, or C3 reverse-Z types or a loop configura-
tion (Fig.  2) [24]. Reverse-Z subtypes have two extrema 
in the horizontal direction along the same plane where 
at least one turn is < 90° without any external compres-
sion from other causes. During the study, we found that 
some patients had a unique MMPD shape at the head of 
the pancreas, referred to as an N-shape (Fig.  2). In the 
N-shape, the MPD forms a deep or smaller notch at the 
head of the pancreas, and the duct of Santorini or ansa 
pancreatica can unite within that notch. Patients without 
the aforementioned MMPD or pancreas divisum were 
categorized based on the course of MPD at the head of 
the pancreas as descending, vertical, or sigmoid (Fig. 3) 
[25]. In addition, the caliber of the MPD was measured.

In the IPMN group, we also determined the largest 
diameter of the cyst, and the location of the solitary or 
multifocal cysts (uncinate process, head, body, and tail). 
We also identified cystic and MPD mural nodules (a solid 
nodule arising from the wall of the cyst or MPD), thick-
ened cyst walls, any abrupt change in the MPD caliber, 
and the presence of distal parenchymal atrophy, and 
lymph node enlargement.

Statistical analysis
We compared anatomical duct variations between the 
IPMN patient and control groups. We also examined 
the variation between different types of IPMN disease 
and meandering ducts among IPMN patients. WF and/
or HRS analyses included mural nodules in cysts or in 
the MPD, an MPD size ≥ 5  mm, an abrupt change in 

the MPD caliber with distal pancreatic atrophy, and a 
cyst ≥ 3 cm. In cases with mural nodules also the follow-
ups were read to detect which nodules actually were 
mucin plugs (moving mucin was seen between different 
scans or the mucin plug decreased in size), and which 
ones were more likely mural nodules. Also, the possible 
enhancement was evaluated. The extent of cysts in the 
pancreas was assessed by comparing equal or more than 
three-quarters of the pancreas to less than one-half of 
the pancreas. The cyst locations were divided into four 
regions: uncinate process, head, body, and tail. Three and 
four regions of the pancreas meaning equal or more than 
three-quarters of the pancreas.

We did not analyze the course of the MPD at the head 
of the pancreas as well as the presence or absence of the 
duct of Santorini and ansa pancreatica in patients with 
pancreas divisum. Santoriniceles were evaluated from 
patients with a pancreas divisum, or a duct of Santorini 
or ansa pancreatica that ended in the duodenum.

For all analyses, we considered P < 0.05 statistically sig-
nificant using a two-tailed test. Results are reported as 
the number of patients (proportion of patients), using 
the mean [and standard deviation (SD)] or median [with 
either the interquartile range (IQR) or range]. Possi-
ble deviations from a normal distribution in continuous 
variables were tested using the Shapiro–Wilk’s test. All 
continuous variables had statistically significant devia-
tions from a normal distribution. The Mann–Whit-
ney test was used to assess differences between groups 
for continuous variables, and the Fisher’s exact test or 

Fig. 3 Schematic and MRI images of non-MMPD type courses at the head of the pancreas. a Descending course. b Sigmoid course with a sigmoid 
curve. c Vertical course draining straight down
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Fisher–Freeman–Halton test was used for categorical 
variables. Logistic regression was used to calculate the 
odds ratios (ORs), 95% confidence intervals (CIs), and 
P values to establish associations between the outcome 
variable and independent variables. Where indicated in 
the text, we also used the Firth’s penalized logistic regres-
sion. We selected the descending course for the reference 
group to calculate ORs because it represents the most 
natural and most common course [25].

All statistical analyses were carried out using either 
SPSS version 27.0 (IBM SPSS Statistics, version 27.0 for 
Windows, SPSS, Inc., Chicago, IL, USA) or R version 
4.0.3 (Foundation for Statistical Computing, Vienna, 
Austria).

Results
The final study population consisted of 214 patients, 
among whom 108 were in the IPMN group and 106 
patients were controls. Table  1 summarizes the patient 
demographic characteristics for both groups. In the 
IPMN group, 18.4% had an MMPD, including 4 loop-
type cases (2 with a loop up and 2 with a loop down), 8 

reverse-Z type cases (7 with C1 subtypes and 1 with a C3 
subtype), and 6 N-shape type cases. In the control group, 
3.0% had an MMPD, including 1 reverse-Z type (C1 sub-
type) and 2 N-shape type cases. This difference between 
groups was statistically significant (P < 0.001). Patients 
with an MMPD in the IPMN group ranged from 49 to 
81  years old (mean age 68.3  years, standard deviation 
(SD) ± 8.2). In the control group, patients with an MMPD 
were aged 42, 56, and 94 years, respectively. In the IPMN 
group, 9.3% had pancreas divisum, which fell to 5.7% in 
the control group. Santoriniceles were observed only in 
the IPMN group, within which 5 occurred in pancreas 
divisum patients and one patient had a normal descend-
ing duct configuration. The difference between the IPMN 
and control groups, however, was not statistically sig-
nificant (P = 0.330 for santoriniceles). The IPMN group 
was older than the control group (P < 0.001) and IPMN 
patients did have a wider MPD (P < 0.001).

When comparing all MMPD patients to non-MMPD 
patients, we found an OR of 6.4 of experiencing an IPMN 
when the patient had an MMPD (P < 0.001; Table 2). We 
also calculated the OR for the association between IPMN 

Table 1 Patient demographic characteristics

P values calculated using the Fisher’s exact test or the Mann–Whitney test. P < 0.05 considered statistically significant

BD-IPMN, branch-duct intraductal papillary mucinous neoplasia; IPMN, intraductal papillary mucinous neoplasia; MD-IPMN, main-duct intraductal papillary mucinous 
neoplasia; MMPD, meandering main pancreatic duct; MPD, main pancreatic duct; SD, standard deviation
1 Compared to non-pancreas divisum patients
2 Pancreas divisum patients excluded
3 Compared to non-MMPD patients

Characteristics IPMN group (n = 108) Control group (n = 106) P value

Mean age at presentation (SD, range) 69 (8, 46–83) 50 (17, 23–94)  < 0.001
Sex: female, n (%) 68 (62.9) 62 (58.5) 0.576

MPD width, mean (SD), mm 3.24 (1.65) 2.02 (0.93)  < 0.001
Size of the major cyst, mean (SD), mm 19.73 (1.02) –

BD-IPMN, n (%) 96 (88.9) –

MD-IPMN, n (%) 1 (0.9) –

Mixed-type IPMN, n (%) 11 (10.2) –

Developmental variations

Pancreas divisum, n (%) 10 (9.3) 6 (5.7) 0.4371

Duct of Santorini, n (%) 55 (50.9) 30 (28.3)

Ansa pancreatica, n (%) 15 (13.9) 10 (9.4)

Absent duct of Santorini / ansa pancreatica, n (%) 28 (25.9) 60 (56.6)

Course of MPD at the pancreatic head2 (n = 98) (n = 100)

Non-MMPD, n (%) 80 (81.6) 97 (97.0)

 Descending course, n (%) 37 (37.8) 51 (51.0)

 Vertical course, n (%) 10 (10.2) 10 (10.0)

 Sigmoid course, n (%) 33 (33.7) 36 (36.0)

MMPD, n (%) 18 (18.4) 3 (3.0)  < 0.0013

 Reverse-Z type, n (%) 8 (8.2) 1 (1.0)

 N-shape, n (%) 6 (6.1) 2 (2.0)

 Loop up or down, n (%) 4 (4.1) 0 (0)
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and the course of MPD at the head of the pancreas com-
pared to the descending course. When comparing the 
descending course, the loop configuration (OR 12.4, 95% 
CI 1.26–1656.69, P = 0.028) and the reverse-Z type con-
figuration (OR 7.8, 95% CI 1.65–75.34, P = 0.008) had a 
higher likelihood of experiencing an IPMN. The vertical 
course (OR 1.37, 95% CI 0.53–3.60, P = 0.515), the sig-
moid course (OR 1.26, 95% CI 0.67–2.37, P = 0.471), and 
an N-shape (OR 3.57, 95% CI 0.86–20.30, P = 0.082) were 
not statistically significantly associated. When compared 
to all non-MMPD patients, the loop configuration (OR 
10.9, 95% CI 1.1–1452.6, P = 0.036) and the reverse-Z 
type configuration (OR 6.9, 95% CI 1.5–65.4, P = 0.011) 

also had a higher likelihood of experiencing an IPMN. 
Gender did not appear to affect these results (data not 
shown).

Table 3 provides the ORs for the associations between 
IPMN and patients with the duct of Santorini (OR 3.9, 
P < 0.001) or ansa pancreatica (OR 3.2, P = 0.013) com-
pared with the absence of these ducts. When the duct of 
Santorini connected to the small bowel, the individual 
was more likely an IPMN patient (OR 5.7, 95% CI 2.1–
15.1, P < 0.001; Additional file 1).

In the IPMN group, 34 patients exhibited a WF or HRS 
and were handled as at-risk patients. Table 4 summarizes 
the odds of an IPMN at-risk patient having a cystic mural 
nodule. In total, 14 patients had a cystic mural nodule. 
We found that an N-shape resulted in a higher likelihood 
of a patient having a cystic mural nodule when com-
pared with a descending shape (OR 5.9, P = 0.048). We 
observed no statistically significant associations for other 
shapes. Furthermore, no shape carried a statistically sig-
nificant OR considering dilated MPD (12 cases) or an 
abrupt change in the MPD caliber with distal pancreatic 
atrophy (7 cases), or a cyst ≥ 3 cm (16 cases) as the out-
comes (data not shown).

In the IPMN group, 58 patients had multiple cysts that 
extended to three-quarters of the pancreas or across the 
entire pancreas. Additional file 2 presents the likelihood 
of being an IPMN patient with extensive cyst disease. 

Table 2 The course of the main pancreatic duct (MPD) at the 
head of the pancreas

The Firth’s penalized logistic regression results are shown as odds ratio (OR, 
outcome is IPMN, control as the reference group) with 95% confidence intervals 
(CIs) and P-value. Comparison between MMPD and non-MMPD patients. 
Pancreas divisum patients are excluded

CI, confidence interval; IPMN, intraductal papillary mucinous neoplasm; MMPD, 
meandering main pancreatic duct; OR, odds ratio

Shape IPMN 
group 
(n = 98)

Control 
group 
(n = 100)

OR (95% CI) P value

Non-MMPD (%) 80 (81.6) 97 (97.0) 1

MMPD (%) 18 (18.4) 3 (3.0) 6.40 (2.19–24.94)  < 0.001

Table 3 Association between the presence or absence of the duct of Santorini or ansa pancreatica and IPMN disease

Logistic regression results are reported as odds ratio (OR, outcome is IPMN, control as the reference group) with 95% confidence intervals (CI) and P-value. The “both 
absent” group is used as the reference. Patients with pancreas divisum excluded

CI, confidence interval; IPMN, intraductal papillary mucinous neoplasm; OR, odds ratio

IPMN group (n = 98) Control group (n = 100) OR (95% CI) P value

Duct of Santorini 55 (64.7%) 30 (35.3%) 3.93 (2.09–7.39)  < 0.001
Ansa pancreatica 15 (60.0%) 10 (40.0%) 3.21 (1.28–8.04) 0.013
Both absent 28 (31.8%) 60 (68.2%) 1

Table 4 Odds ratio of being an IPMN at-risk patient with a cystic mural nodule compared with the shape of the main pancreatic duct

Results based on the Firth’s penalized logistic regression. Descending shape is used as a reference shape for odds ratios

CI, confidence interval; IPMN, intraductal papillary mucinous neoplasm; OR, odds ratio

Shape Mural nodule OR (95% CI) P value

Yes (n = 14) No (n = 94) % Size, mm
mean (range)

Descending 5 32 13.5 14 (6–26) 1

Vertical 1 9 10.0 13 (13) 0.93 (0.09–5.55) 0.944

Sigmoid 3 30 9.1 12 (10–13) 0.68 (0.15–2.78) 0.591

Loop type 1 3 25.0 8 (8) 2.53 (0.22–19.50) 0.411

Reverse-Z type 1 7 12.5 5 (5) 1.18 (0.11–7.31) 0.870

N-shape 3 3 50.0 7 (5–8) 5.91 (1.02–36.00) 0.048
Pancreas divisum 0 10 0 0.28 (0.002–2.84) 0.332
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Patients with ansa pancreatica (14 cases) were more likely 
(OR 12.8, P = 0.001) to belong to the subgroup with mul-
tiple cysts extending to three-quarters of the pancreas or 
across the entire pancreas compared with those who had 
no ansa pancreatica or no duct of Santorini. Additional 
file 3 presents the locations of the cysts in IPMN popu-
lation and the type of the IPMN. Of the whole IPMN 
population 13 patients had solitary cysts which were 
mainly located in the body of the pancreas (9 cases). 36 
patients had multiple cysts that extended to less than 
three-quarters of the pancreas. They were mostly located 
in the head and body (11 cases), and in the body and tail 
(9 cases), and in the uncinate process and tail (6 cases). 
One patient did not have cysts.

Two IPMN patients had a complex abnormal pancrea-
ticobiliary junction connection, where a small additional 
connecting duct was observed between the MPD and the 
common biliary duct, both of which occurred in female 
patients. One patient had a reverse-Z type C3 subtype 
configuration and the other had a sigmoid configuration. 
Both patients had multiple IPMN cysts that extended 
across the entire pancreas. However, they presented with 
no WF or HRS.

None of the patients with an MMPD had a history of 
pancreatitis. Only one IPMN patient had pancreati-
tis in their patient history, a case that presented with a 
descending course in the MPD.

Discussion
The development of IPMN disease and the reasons for 
why some patients develop more worrisome forms of dis-
ease remain unknown. To our knowledge, this is the first 
study to focus on the association between MMPD or ansa 
pancreatica with IPMN disease and its severity.

This study demonstrates that IPMN patients more 
often experience an MMPD compared to patients with 
a healthy pancreas (18.4% vs. 3.0%). Patients with an 
MMPD were more likely to present with IPMN than 
patients without an MMPD (OR 7.3). The ORs for loop 
configuration (12.4) and the reverse-Z type (OR 7.8) were 
also statistically significantly compared with a descend-
ing shape. Yet, the CI was rather wide for the loop config-
uration because the number of patients was low (only 4 
cases). This warrants further study among a larger patient 
population. The presence of the duct of Santorini or ansa 
pancreatica also significantly associated with being an 
IPMN patient.

The N-shape did not associate with the risk of being 
an IPMN patient, but did carry another risk among 
IPMN patients. We observed an association between an 
N-shape and the IPMN risk in patients with cystic mural 
nodules. Overall three of six patients with an N-shape 
configuration had a cystic mural nodule, and all three 

patients had ansa pancreatica. In addition, five of six 
patients with an N-shape had ansa pancreatica, one with 
a duct of Santorini. In the control group, two patients had 
an N-shape, one with ansa pancreatica and the other with 
a duct of Santorini. Almost all IPMN patients with ansa 
pancreatica had multiple cysts extending to three-quar-
ters or across the entire pancreas. Furthermore, 14 of 15 
patients with ansa pancreatica had a wide extent of cysts. 
We suspect that ansa pancreatica may contribute to the 
extent of the cysts and the formation of cystic mural nod-
ules. Since this is the first study to examine this specific 
topic, further studies are warranted. In study by Ikegawa 
et  al. multiple cyst-existing regions correlated with the 
incidence of pancreatic ductal adenocarcinoma (PDAC) 
concomitant with IPMN, and they suspected that multi-
focal cysts may serve as a high-risk factor for concomi-
tant PDAC [26].

We also compared the possible association between 
IPMN disease and the connection of the duct of Santorini 
or ansa pancreatica to the small bowel. We found that the 
duct of Santorini ends at the small bowel more often in 
IPMN patients, which associates with IPMN.

Pancreas divisum was not statistically associated with 
IPMN disease [27]. Interestingly, santoriniceles were only 
observed among IPMN patients (6 cases). In addition, 
one patient without pancreas divisum exhibited santorin-
icele, a phenomenon also reported in previous studies 
[22, 23].

IPMN patients had a wider MPD than the control 
group (3.2 mm vs 2.0 mm), a statistically significant find-
ing. This finding may indicate that IPMN disease associ-
ates with the entire duct system. Additionally, the duct 
of Santorini and ansa pancreatica were visually wider in 
IPMN patients and, therefore, easier for a radiologist to 
identify.

This study carries some limitations. First, identify-
ing control patients proved difficult. Altogether, 109 
patients were excluded from the control group because 
of existing cysts in the pancreas. The prevalence of pan-
creatic cysts in the general population remains high, at 
45–49%, and their number and size increase with age 
[28, 29]. We observed this in our study, whereby elderly 
patients appeared to experience pancreatic illness more 
often. As a consequence, our control patients were 
20  years younger than the IPMN patient group. But, 
pancreatic anatomical variations, such as pancreas 
divisum or an existing duct of Santorini, do not change 
during one’s lifetime. Thus, these results are compa-
rable despite the difference in patient age between 
groups. In the control population, three patients aged 
42, 56, and 94  years old, respectively, had an MMPD, 
suggesting that MMPDs also exist in the younger popu-
lation and may be congenital. Second, because the duct 
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of Santorini and ansa pancreatica were wider in IPMN 
patients, they were also easier to follow in diagnostic 
images. This might result in a situation whereby the 
possible ending of the duct into the small bowel was not 
visible in some control group patients in MRCP images, 
warranting further studies with secretin for better duct 
visualization. Finally, given the retrospective design of 
this study, we included patients in an IPMN surveil-
lance program for whom a histopathological confirma-
tion was unavailable [30].

This is the first study to focus on the association 
between MMPD or ansa pancreatica with IPMN disease. 
The finding that MMPD occurs more frequently in IPMN 
patients may indicate that targeting IPMN follow-up in 
patients with an MMPD is helpful [31], although this 
warrants further investigation. An N-shape configura-
tion may be associated with more severe IPMN disease, 
although our population was small. Thus, additional 
studies among larger patient population including fol-
low-up are needed.

Conclusions
In conclusion, IPMN patients more often exhibit an 
MMPD than patients with a healthy pancreas. Ansa pan-
creatica in IPMN patients associated with multiple cysts 
extending to three-quarters to across the entire pancreas. 
An N-shape configuration in IPMN patients positively 
associated with cystic mural nodules and could serve 
as an indication of risk among IPMN patients requiring 
more precise follow-up.

Abbreviations
BD-IPMN: Branch-duct intraductal papillary mucinous neoplasm; HRS: 
High-risk stigmata; IPMN: Intraductal papillary mucinous neoplasm; MMPD: 
Meandering main pancreatic duct; MPD: Main pancreatic duct; MRI: Magnetic 
resonance imaging; MRCP: Magnetic resonance cholangiopancreatography; 
MX-IPMN: Mixed-type IPMN; WF: Worrisome features.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12876- 022- 02465-w.

Additional file 1. Association between the duct of Santorini or ansa 
pancreatica ending in the duodenum or not, and IPMN disease.

Additional file 2. Odds ratio of being an IPMN patient with widespread 
cyst disease compared with the presence of the duct of Santorini or ansa 
pancreatica.

Additional file 3. Location of the cysts in IPMN patients.

Acknowledgements
Not applicable.

Author contributions
Conceptualization, KJ, TL and HS; Data curation, KJ; Formal analysis, HM and KJ; 
Funding acquisition, KJ and HS; Investigation, KJ and TL; Methodology, KJ, TL 

and HS; Resources, KJ and HS; Project administration, KJ, TL and HS; Validation, 
KJ, TL and HS; Supervision, HS and TL, Writing—original draft, KJ, HM, TL and 
HS. All authors read and approved the final manuscript.

Funding
KJ (Wilhelm och Else Stockmanns stiftelse, Kurt och Doris Palanders stiftelse), 
HS (the Finnish State Subsidy Fund, the Sigrid Jusélius Foundation). Open 
access funded by Helsinki University Library. The funders had no role in the 
study design, data collection and analysis, decision to publish or preparation 
of the manuscript.

Availability of data and materials
The datasets generated and/or analyzed during the current study are not pub-
licly available due to the IRB approval and privacy of patients but are available 
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was registered with and approved by the Surgical Research 
Committee of Helsinki University Central Hospital (HUS/333/2019, extended 
HUS/155/2021) and by the Diagnostic Research Committee of Helsinki 
University Central Hospital (HUS/211/2020). All methods were carried out in 
accordance with the Declaration of Helsinki. We were not obligated to secure 
written informed consent from patients because of the retrospective nature 
of this study and based on the Act on the Secondary Use of Health and Social 
data (552/2019).

Consent for publication
Because of the retrospective nature of this study and the Act on the Second-
ary Use of Health and Social data (552/2019), the written informed consent of 
the patients was not demanded and it was waived by IRB approval.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Radiology, HUS Diagnostic Center, University of Helsinki 
and Helsinki University Hospital, PO Box 340, 00029 HUS Helsinki, Finland. 
2 Department of Surgery, University of Helsinki and Helsinki University Hospital, 
PO Box 440, 00029 HUS Helsinki, Finland. 3 Translational Cancer Medicine 
Research Program, University of Helsinki, Helsinki, Finland. 

Received: 7 May 2022   Accepted: 3 August 2022

References
 1. European Study Group on Cystic Tumours of the Pancreas. European 

evidence-based guidelines on pancreatic cystic neoplasms. Gut. 
2018;67(5):789–804.

 2. Tanaka M, Fernández-Del Castillo C, Adsay V, Chari S, Falconi M, Jang JY, 
et al. International consensus guidelines 2012 for the management of 
IPMN and MCN of the pancreas. Pancreatology. 2012;12(3):183–97.

 3. Tanaka M, Fernández-del Castillo C, Kamisawa T, Jang JY, Levy P, Ohtsuka 
T, et al. Revisions of international consensus Fukuoka guidelines for the 
management of IPMN of the pancreas. Pancreatology. 2017;17(5):738–53.

 4. Stark A, Donahue TR, Reber HA, Joe HO. Pancreatic cyst disease a review. 
JAMA J Am Med Assoc. 2016;315(17):1882–93.

 5. Jennings RE, Berry AA, Strutt JP, Gerrard DT, Hanley NA. Human pancreas 
development. Development. 2015;142(18):3126–37.

 6. Catalano O, Sahani D. Pancreas—normal variants. In: Sahani D, Samir A, 
editors. Abdominal imaging. 1st ed. Amsterdam: Elsevier; 2010. p. 705–20.

 7. Mortelé KJ, Rocha TC, Streeter JL, Taylor AJ. Multimodality imag-
ing of pancreatic and biliary congenital anomalies. Radiographics. 
2006;26(3):715–31.

 8. Dawson W, Langman J. An anatomical-radiological study on the pancre-
atic duct pattern in man. Anat Rec. 1961;139(1):59–68.

https://doi.org/10.1186/s12876-022-02465-w
https://doi.org/10.1186/s12876-022-02465-w


Page 9 of 9Johansson et al. BMC Gastroenterology          (2022) 22:394  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 9. Hayashi TY, Gonoi W, Yoshikawa T, Hayashi N, Ohtomo K. Ansa pancreatica 
as a predisposing factor for recurrent acute pancreatitis. World J Gastro-
enterol. 2016;22(40):8940–8.

 10. Ishii H, Arai K, Fukushima M, Maruoka Y, Hoshino M, Nakamura A, et al. 
Fusion variations of pancreatic ducts in patients with anomalous arrange-
ment of pancreaticobiliary ductal system. J Hepatobiliary Pancreat Surg. 
1998;5(3):327–32.

 11. Gonoi W, Hayashi TY, Hayashi N, Abe O. Association between chronic 
asymptomatic pancreatic hyperenzymemia and pancreatic ductal 
anomalies: a magnetic resonance cholangiopancreatography study. 
Abdom Radiol. 2019;44(7):2494–500.

 12. Bhasin DK, Rana SS, Nanda M, Gupta R, Nagi B, Wig JD. Ansa pancreatica 
type of ductal anatomy in a patient with idiopathic acute pancreatitis. J 
Pancreas. 2006;7(3):315–20.

 13. Jarrar MS, Khenissi A, Ghrissi R, Hamila F, Letaief R. Ansa pancreatica: an 
anatomic variation and a rare cause of acute pancreatitis. Surg Radiol 
Anat. 2013;35(8):745–8.

 14. Borghei P, Sokhandon F, Shirkhoda A, Morgan DE. Anomalies, anatomic 
variants, and sources of diagnostic pitfalls in pancreatic imaging. Radiol-
ogy. 2013;266(1):28–36.

 15. Gutta A, Fogel E, Sherman S. Identification and management of pancreas 
divisum. Expert Rev Gastroenterol Hepatol. 2019;13(11):1089–105.

 16. Bernard JP, Sahel J, Giovannini M, Sarles H. Pancreas divisum is a 
probable cause of acute pancreatitis: a report of 137 cases. Pancreas. 
1990;5(3):248–54.

 17. Sharma M, Pathak A, Rameshbabu CS, Rai P, Kirnake V, Shoukat A. Imaging 
of pancreas divisum by linear-array endoscopic ultrasonography. Endosc 
Ultrasound. 2016;5(1):21–9.

 18. Kalivarathan J, Yadav K, Bataller W, Brigle NW, Kanak MA. Etiopathogenesis 
and pathophysiology of chronic pancreatitis. In: Orlando G, Peimonti L, 
Ricordi C, Stratta RJ, Gruessner RWG, editors. Transplantation, bioen-
gineering, and regeneration of the endocrine pancreas, vol. 2. 1st ed. 
Cambridge: Academic Press; 2020. p. 5–32.

 19. Renzulli M, Pagano N, Golfieri R. Pancreas divisum inversus. Clin Anat. 
2020;33(5):646–52.

 20. Bülow R, Simon P, Thiel R, Thamm P, Messner P, Lerch MM, et al. Anatomic 
variants of the pancreatic duct and their clinical relevance: an MR-guided 
study in the general population. Eur Radiol. 2014;24(12):3142–9.

 21. Manfredi R, Costamagna G, Brizi MG, Spina S, Maresca G, Vecchioli A, 
et al. Pancreas divisum and “santorinicele”: diagnosis with dynamic 
MR cholangiopancreatography with secretin stimulation. Radiology. 
2000;217(2):403–8.

 22. Gonoi W, Akai H, Hagiwara K, Akahane M, Hayashi N, Maeda E, et al. 
Santorinicele without pancreas divisum pathophysiology: initial clinical 
and radiographic investigations. BMC Gastroenterol. 2013;13(62):1–7.

 23. Byeon JS, Kim MH, Lee SK, Yang DH, Bae JS, Kim HJ, et al. Santorinicele 
without pancreas divisum. Gastrointest Endosc. 2003;58(5):800–3.

 24. Gonoi W, Akai H, Hagiwara K, Akahane M, Hayashi N, Maeda E, et al. 
Meandering main pancreatic duct as a relevant factor to the onset of 
idiopathic recurrent acute pancreatitis. PLoS ONE. 2012;7(5):1–8.

 25. Fulcher AS, Turner MA. MR Pancreatography: a useful tool for evaluating 
pancreatic disorders. Radiographics. 1999;19(1):5–24.

 26. Ikegawa T, Masuda A, Sakai A, Toyama H, Zen Y, Sofue K, et al. Multifocal 
cysts and incidence of pancreatic cancer concomitant with intraductal 
papillary mucinous neoplasm. Pancreatology. 2018;18(4):399–406.

 27. Nishino T, Toki F, Oi I, Oyama H, Hatori T, Shiratori K. Prevalence of 
pancreatic and biliary tract tumors in pancreas divisum. J Gastroenterol. 
2006;41:1088–93.

 28. Kromrey ML, Bülow R, Hübner J, Paperlein C, Lerch MM, Ittermann T, et al. 
Prospective study on the incidence, prevalence and 5-year pancreatic-
related mortality of pancreatic cysts in a population-based study. Gut. 
2018;67(1):138–45.

 29. Girometti R, Intini S, Brondani G, Como G, Londero F, Bresadola F, et al. 
Incidental pancreatic cysts on 3D turbo spin echo magnetic resonance 
cholangiopancreatography: prevalence and relation with clinical and 
imaging features. Abdom Imaging. 2011;36(2):196–205.

 30. Johansson K, Mustonen H, Nieminen H, Haglund C, Lehtimäki TE, 
Seppänen H. MRI follow-up for pancreatic intraductal papillary muci-
nous neoplasm: an ultrashort versus long protocol. Abdom Radiol. 
2022;47(2):727–37.

 31. Johansson K, Kaprio T, Nieminen H, Lehtimäki T, Lantto E, Haglund C, et al. 
A retrospective study of intraductal papillary mucinous neoplasia of the 
pancreas (IPMN) under surveillance. Scand J Surg. 20221:1–9. https:// doi. 
org/ 10. 1177/ 14574 96922 10767 92

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1177/14574969221076792
https://doi.org/10.1177/14574969221076792

	Anatomical pancreatic variants in intraductal papillary mucinous neoplasm patients: a cross-sectional study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Patient population
	MRI imaging techniques
	Image interpretation
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


