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Abstract

There have been many publications detailing imaging features of malignant transformation of intraductal papillary mucinous
neoplasms (IPMN), management and recommendations for imaging follow-up of diagnosed or presumed IPMN. However,
there is no consensus on several practical aspects of imaging IPMN that could serve as a clinical guide for radiologists
and enable future data mining for research. These aspects include how to measure IPMN, define reporting terminology,
standardize reporting and unify guidelines for surveillance. The Society of Abdominal Radiology (SAR) created multiple
Disease-Focused Panels (DFP) comprised multidisciplinary panel members who focus on a particular disease, with the goal
to develop ways for radiologists to improve patient care, education, and research. DFP members met to identify the current
controversies and limitations of imaging pancreatic IPMN. This paper aims to provide a practical review of the key imaging
characteristics of IPMN for trainees and practicing radiologists, to guide uniformity of performance and interpretation of
surveillance imaging studies, and to improve communication with clinicians by providing a lexicon and reporting template
based on the experience of the SAR-DFP panel members.
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Introduction

The estimated prevalence of pancreatic cysts in the US popu-
lation is 2.5% [1]. However, up to 44.7% of magnetic reso-
nance cholangiopancreatography (MRCP) examinations may
detect pancreatic cystic lesions with the frequency of cysts
increasing with patient age [2, 3]. Incidental detection of
pancreatic cystic lesions often leads to further workup with
computed tomography (CT), MRI/MRCP and/or endoscopic
ultrasound (EUS) with or without cyst aspiration. Incidental
pancreatic cystic lesions may be characterized as benign,
with no malignant potential (e.g., pseudocysts or serous
cystic tumors), or as potentially malignant (e.g., mucinous
neoplasms (MCN) and intraductal papillary mucinous
neoplasms (IPMN)) [4]. Even after additional diagnostic
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assessment, some pancreatic cystic lesions cannot be defini-
tively characterized and are presumed to represent branch
duct IPMN.

IPMNS are exocrine neoplasms that arise in the pancreatic
ductal system, either the main or branch ducts. They arise
from mucin producing epithelial cells. Distinct from other
mucinous cystic neoplasms of the pancreas, IPMNs lack
ovarian-type stroma and unlike pancreatic intraepithelial
neoplasm (PanIN; < 0.5 cm), they are grossly visible rather
than microscopic (typically > 1.0 cm but at least 0.5 cm) [5,
6]. IPMNs may be low grade (low to intermediate dyspla-
sia) or high grade (carcinoma in situ). Low grade lesions
are considered less clinically significant compared to high
grade lesions, which have more frequent associations with
invasive cancer [7]. IPMNs may be further classified into
four subtypes based on cytoarchitecture and immunophe-
notype (gastric, intestinal, pancreatobiliary and oncocytic),
which have variable malignant potential. Gastric subtypes
are more often associated with branch duct lesions and are
least likely associated with malignancy, intestinal-type may
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be associated with low or high grade dysplasia, whereas
pancreaticobiliary and oncocytic subtypes are more often
associated with high grade dysplasia and malignant trans-
formation [6, 8]. Concomitant invasive mucinous adenocar-
cinomas can arise independently at a separate location in
the pancreas that contains an IPMN (estimated incidence,
4.1%) [5, 9, 10].

There have been many publications detailing imaging
features of malignant transformation of intraductal papil-
lary mucinous neoplasms (IPMN), management and recom-
mendations for imaging follow-up of diagnosed or presumed
IPMN [11-15]. However, there is no consensus on several
practical aspects of imaging IPMN that could serve as a clin-
ical guide for radiologists and enable future data mining for
research. These aspects include: how to measure IPMN, defi-
nition of reporting terminology, standardization of reporting
and unification of guidelines for surveillance. The Society
of Abdominal Radiology (SAR) created multiple Disease-
Focused Panels (DFP) comprised multidisciplinary panel
members who focus on a particular disease, with the goal to
develop ways for radiologists to improve patient care, edu-
cation, and research [16]. Pancreatic IPMN DFP members
met to identify the current controversies and limitations of
imaging pancreatic [IPMN.

This paper aims to provide a practical review of the key
imaging characteristics of IPMN for trainees and practicing
radiologists, to guide uniformity of performance and inter-
pretation of surveillance imaging studies, and to improve
communication with clinicians by providing a lexicon and
reporting template based on the experience of the SAR-DFP
panel members.

Imaging protocols

MRI

MRI should be performed on at least a 1.5 T mag-
net equipped with phased-array coils to maximize

Fig. 1 50-year-old male with
cystic lesion (short arrow) is
noted in uncinate process of
pancreas on a the axial T2W
fat-suppressed image. Commu-
nication with pancreatic duct is
clearly depicted (long arrow) on
b MIP images from a 3D MRCP

signal-to-noise, and when available parallel imaging can be
employed to increase speed of acquisition and/or improve
spatial resolution. MRI protocol should include a breath-
hold two-dimensional (2D or 3D) axial in- and out-of-phase
T1-weighted gradient- echo (GRE) sequence, axial and coro-
nal half-Fourier single-shot fast spin echo (FSE) breath-hold
T2-weighted sequences, heavily T2- weighted 2D and/or
three-dimensional (3D) T2-weighted MRCP, and breath-
hold or respiratory navigated, dynamic 3D fat-suppressed
T1-weighted spoiled GRE axial MR images before and after
administration of intravenous gadolinium chelate contrast
[17]. An axial FSE or single-shot FSE T2-weighted sequence
with fat saturation may be added to increase conspicuity of
pancreatic cystic lesions relative to the background (Fig. 1).
Diffusion-weighted imaging (SS-EPI) using a low b value
b 0, 50 s/mm? and higher b values > 500 s/mm? has been
shown useful for detecting pancreatic cancer and differenti-
ating between malignant and benign IPMN and is routinely
included in most practices [18-20]. The incremental value
of adding intravenous secretin stimulation for detection of
duct communication, intravenous glucagon to reduce bowel
motion or oral contrast to suppress background signal from
bowel is variable; thus, these techniques are not currently
recommended on a routine basis but may be preferred by
some centers [21].

Retrospective studies have suggested that an abbreviated
MRI protocol without IV contrast (including at least TIW
gradient echo and T2W single-shot FSE with or without
2D/3D MRCP) may be used for surveillance of previously
characterized cystic lesions with no significant impact in
decision-making [22-25]. There are obvious advantages
to abbreviated protocols including shortening examination
time and decreasing both the risk of contrast-related com-
plications and financial cost [22, 25]. In 2017, the Korean
Society of Abdominal Radiology consensus (n =82, 90.9%
agreement) stated that non-contrast MRIs could be used for
serial follow-up of incidental pancreatic cystic lesions [26].

We believe that contrast-enhanced sequences using
breath-hold 3D T1-weighted GRE sequences are beneficial
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for initial characterization and risk stratification of a pan-
creatic cystic lesion but follow up imaging could be per-
formed without IV contrast in low risk patient populations
(no main pancreatic duct dilation, mural nodularity or other
worrisome features/high risk-stigmata; no symptoms, fam-
ily history, or genetic predisposition). Contrast-enhanced
imaging however, allows for a more thorough assessment
of the remainder of the pancreas as the incidence of syn-
chronous and metachronous pancreatic cancer has been
shown to be higher in patients with pancreatic cystic lesions
than in patients with no cystic lesions [10, 27]. In a larger
cohort of retrospective studies from Japan and the US, risk
of patients with BD-IPMN developing invasive pancreatic
cancer (including concomitant pancreatic cancer) after
5 years of follow up ranged from 10-15.6 fold higher than
the age-match general population (and higher than patients
with familial risk) with baseline smaller sized cysts <1.5 cm
conferring less risk in the US study (Fig. 2) [28-30]. Fur-
thermore, findings of early pancreatic cancer elsewhere in
the gland may be subtle especially on non-contrast imaging.
IV contrast for MRI is advocated for surveillance of patients
at high risk for pancreatic cancer (e.g., known genetic muta-
tion or at least one first degree relative with pancreatic can-
cer) [31].

MDCT

A dedicated pancreatic protocol multidetector CT (MDCT)
can be used as an alternative to MRI, especially in patients
with contraindications to MRI as it offers easier availabil-
ity, high spatial resolution and the ability to generate mul-
tiplanar reformations. A dedicated pancreatic CT protocol
should include dual-phase contrast-enhanced acquisitions
in the pancreatic and portal venous phases using a narrow
detector configuration. At some institutions, a split-bolus
technique on both MDCT and dual energy CT systems has
been implemented demonstrating similar conspicuity of pan-
creatic parenchyma and tumors with significant reduction
in radiation [32, 33]. Thin-section images should be avail-
able on a workstation that can perform 3D post processing
as needed. Coronal and oblique multiplanar reconstructions
along the body and tail of pancreas, 1-3 mm maximum
intensity projections, and curved multiplanar reformations
along the course of the pancreatic duct are helpful in detec-
tion of duct communication and characterization of pancre-
atic cystic lesions (Fig. 3) [4, 11]. Non-contrast CT is inad-
equate for characterization of pancreatic cysts. Dual Energy
CT (DECT)/Spectral CT is used in some centers and has
potential advantages. In a small retrospective study, DECT
was found to add diagnostic value because it increased lesion
conspicuity, improved visualization of the relationship of

Fig.2 70-year-old male with known BD-PMN on surveillance.
Axial T2W SSFSE image a shows a 2 cm T2 hyperintense IPMN in
body of pancreas and mild parenchymal atrophy and ductal dilation
upstream. b T2W FSE with fat suppression demonstrates similar find-
ings but there is subtle T2 hypointense lesion in the body of the pan-
creas adjacent to the BD-IPMN (arrow) that is better appreciated on
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the fat suppressed image. Unenhanced 3D T1W GRE c¢ shows the T1
hypointense cystic mass and a loss of normal T1 hyperintensity of the
pancreas adjacent to the cyst. On the subtracted post contrast arterial
phase image d a solid slightly hypointense mass (relative to surround-
ing pancreatic parenchyma) with rim enhancement concomitant pan-
creatic adenocarcinoma causing MPD obstruction
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Fig.3 Branch duct IPMN
communicating with main duct.
Ductal communication is clearly
depicted on curved planar refor-
mation (a) and coronal oblique
maximum intensity projection
(b) in two different patients

lesions to the pancreatic duct and improved differentiation
of cystic from solid lesions while decreasing radiation dose
[34]. In sum, it is essential to perform a dual-phase CT for
initial assessment and desirable to performed dual phase
imaging for follow-up but a good quality single acquisition
during the early portal venous phase or DECT in the portal
venous phase is also acceptable.

Ultrasound

Transabdominal ultrasound (US) offers the benefit of easy
access, lower cost and potential to scan patients with con-
traindications to MRI and CT. It may have a role to play in
follow up of cystic lesions in appropriately select patients.
Sun et al. have shown that US can have a sensitivity of 78%
for visualization of cystic lesions greater than 2 cm and a
sensitivity of 100% for lesions greater than 3 cm [35]. Small
body habitus, weight, body mass index and gender posi-
tively correlated with cyst visualization. Cysts were more
frequently seen in females which may relate to the afore-
mentioned size metrics but could also be related to the sub-
cutaneous fat or visceral fat measurements which were not
specifically calculated in this study. In a study by Jeon et al.
of 938 patients with 1064 cysts, detection rate was 88.3%
with median size of 13 mm in detected cysts versus 10 mm
in undetected cysts. The detection rate was significantly
higher when transabdominal ultrasound was performed after
other modalities particularly for smaller cysts, <25 mm [36].
This study suggests that a pancreatic cystic lesion which is
visible on transabdominal ultrasound can be followed with
US; perhaps alternating with MRI or CT. If any change
is observed, then imaging with EUS could be performed.
While this approach would potentially be less expensive,
reduce radiation exposure and helpful in institutions where
CT/MRI and EUS are not readily available, prospective stud-
ies are warranted before its universal adoption.

Contrast enhanced ultrasound may also be helpful for
characterization of pancreatic cystic lesions, potentially
being able to distinguish soft tissue mural nodules from

mucin and guide targeted biopsy [37]. This could be espe-
cially beneficial for patients who cannot receive intravenous
iodinated or gadolinium based contrast agents. However,
currently there is limited data to support this approach and
the access to ultrasound contrast agents is limited, as is
expertise in performing these procedures in the USA.

EUS

Endoscopic ultrasound (EUS) with fine needle aspiration
(FNA) is useful for (a) differentiation between the mucinous
and non-mucinous cysts, (b) assessment for duct communi-
cation, thereby aiding cystic lesion characterization and (c)
performance of cytology, molecular, and biomarker analy-
sis for characterization of mucinous versus non-mucinous
cysts [38]. EUS guided FNA should be considered if there
are worrisome imaging features on noninvasive imaging
modalities (MRI or CT), or if the patient is symptomatic,
to help differentiate neoplastic from non-neoplastic cysts
[11, 12, 15]. Analysis of cyst fluid is fairly routine and can
help characterize lesions by testing for tumor markers such
as CEA. In some centers analysis of cyst fluid for genetic
mutations such as KRAS, GNAS, RNF43, allelic imbalance
(loss of heterozygosity) and aneuploidy is employed. While
mutations are more numerous in malignant tumors, the sen-
sitivity for detecting malignancy is low such that negative
findings are less informative but over time, repeat sampling
may detect molecular changes [39]. Studies have demon-
strated greater accuracy of EUS over CT and MRI in detect-
ing certain worrisome features such as solid components/
mural nodules with one study demonstrating the incremental
yield of EUS with or without FNA for diagnosis of neo-
plasia in cystic pancreatic masses after CT and MRI was
36% and 54%, respectively, but in this study only half of the
subjects underwent MRCP and the MRCP and CT protocols
were not described [38, 40]. While performance of EUS
is likely to be somewhat operator dependent, the broader
availability of contrast enhanced EUS will likely increase
its accuracy in the future. For similar reasons as discussed
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above, contrast-enhanced EUS may be useful to characterize
pancreatic cystic lesions and guide targeted biopsies [41].
Multiple studies have demonstrated the safety of pancre-
atic cyst puncture and none have demonstrated sufficient
concern for needle-path seeding or intraperitoneal seeding.
Current technology also allows direct cyst wall biopsy by 19
gauge needles during EUS FNA. Early results suggest that
microforceps biopsy yields more accurate characterization
of cyst type compared to cytology but is comparable in terms
of detection of mucinous and high risk cysts [42, 43]. The
promise of this modality is that it can acquire histologic
material to classify cyst type and potentially use immuno-
histochemical sub-classification of IPMN types.

Comparison of imaging modalities

Visser et al. evaluated the relative accuracy of CT and MRI
for cystic pancreatic lesion characterization using a dedi-
cated pancreatic imaging protocol and found similar accura-
cies for CT and MRI, although the majority of cystic lesions
in the study were symptomatic [44]. Sainani et al. showed
a higher sensitivity and reader confidence of MRI for the
detection of individual morphologic features like duct com-
munication when compared to CT. However, the overall
accuracy for classifying lesions based on histologic aggres-
siveness was equivalent with the two imaging modalities
[45]. Waters et al. found MRI to be superior as compared
to MDCT in demonstrating ductal connection, estimating
main duct involvement, and identification of small branch
duct cysts in patients with IPMN [46]. Finally, Kim et al.
evaluated MRI and EUS and found the two modalities to
be comparable in the characterization of cystic pancreatic
lesions and prediction of malignancy [47].

Based on these studies, we suggest that MRI with MRCP
is the preferred imaging modality to detect, characterize and
follow pancreatic cystic lesions. The American Gastroen-
terology Association (AGA) guidelines encourage the use
of MRI for surveillance of patients with presumed IPMN
[12]. A dedicated pancreatic protocol CT with multiplanar
reformations can be used as an alternative for surveillance of
pancreatic cystic lesions as it has similar accuracy in detect-
ing worrisome features in pancreatic IPMN [45, 48], though
ionizing radiation is a theoretical concern with long-term
surveillance. The American College of Radiology (ACR)
recommendations and International Association of Pancrea-
tology (IAP) guidelines suggest use of either MRI or CT in
surveillance of IPMN is appropriate [11, 14].

Explanation of terminology used
in reporting

Once a lesion is characterized as a probable IPMN, certain
imaging features can help guide management based on the
International Association of Pancreatology (IAP) consensus
guidelines [14], and have become part of a common lexicon
for healthcare teams treating patients with cystic lesions of
pancreas (Table 1). In this section, we aim to define imag-
ing features and thresholds for descriptors so they can be
incorporated into a reporting template or macro (Appendices
1,2,3).

Size
The current surveillance guidelines for pancreatic cystic

lesions are based on size and morphological features.
The location and size of IPMN should be stated and

Table 1 Worrisome features (Intermediate) and high-risk stigmata in evaluation of known/suspected IPMN [11, 15, 52, 94, 100]

International Association ~American College of

European Study Group

American Gastroen- American College of

of Pancreatology Radiology 2017 2018 terology Association  Gastroenterology 2018

(Fukuoka) 2017 2015
High-risk  Enhancing nodule>5 mm Enhancing nodule Enhancing nodule >5 mm Cyst>3 cm Cyst>3 cm

MPD*>10 mm MPD > 10 mm MPD > 10 mm Solid component Solid component

Obstructive Jaundice Jaundice Jaundice MPD >5 mm MPD >5 mm

Cyst growth >3 mm/year

Worrisome Cyst>3 cm Cyst>3 cm Cyst>4 cm

Thick wall Thick enhancing wall ~ Enhancing nodule <5 mm

Enhancing nodule <5 mm Non-enhancing nodule MPD 5-10 mm

MPD 5-9 mm MPD 7-10 mm Growth >5 mm/year

Abrupt caliber change of High CA 19-9 (>37 U/

the MPD ml)

Growth > 5 mm/2 years

High CA 19-9 (>37 U/
ml)

Lymphadenopathy

*MPD main pancreatic duct
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measurements performed in a reproducible and consistent
manner. However, there is no consensus on the methodology
by which pancreatic cystic lesions are measured on imag-
ing. Traditionally, the longest diameter of these lesions is
measured in axial, coronal or sagittal plane. The choice of
plane chosen for measurement is subjective and depends on
the radiologist’s perception of the longest measurable diam-
eter. This is often a challenge in daily practice given the
highly variable shapes of pancreatic cystic lesions, which
may appear more elongated in certain planes than others,
and the ideal plane may in fact be oblique to traditional axial
or coronal planes. Therefore, although the longest diameter
is measured by an electronic caliper, the selection of an opti-
mal plane of measurement is subjective. A recent study has
shown excellent reproducibility, despite the inherent subjec-
tivity in this method [49]. Dunn et al. reported improvement
in reproducibility of pancreatic cyst measurement on MRI
when standard methodology is followed but measurements
can still vary up to 3.3 mm even after standardization [50].
The authors demonstrated improvement in reproducibility of
measurement when the cyst is measured on a single coronal
T2W image using outer to outer wall measurement. If the
cyst is not well seen on coronal T2W image, an axial T2W
image or thick slab/maximum intensity projection (MIP)
MRCP image is suggested as the next alternative [50].

The single longest diameter of an IPMN is an indirect
reflection of its true size as many IPMNs are not spherical.
Therefore, single longest diameter may in fact over-estimate
the true size of these lesions [51]. Volumetry would elimi-
nate the subjective assessment of the longest diameter of
these lesions and would take into account the non-spherical
morphology of pancreatic IMPN. However, volumetry is not
widely available and is not yet seamless in the clinical envi-
ronment. Bi-dimensional measurement of IPMN will pro-
vide additional information regarding the shape and true size
of these lesions. However, the current management guide-
lines for IPMN are based on the longest diameter, posing a
challenge for translating recommendations for follow-up of
these lesions when using 2- or 3-dimensional measurements.

Based on the pattern of growth of IPMNs, it is not
uncommon to see these lesions as a cluster of multiple small
cystic lesions and it can be difficult to differentiate a single
multi-septated lesion from few adjacently clustered lesions
(Fig. 4). In such cases, it is suggested that the entire cluster
of lesions is to be reported as a single lesion, to be in agree-
ment with lesion size reported on pathology, as most of these
are reported as a single lesion on histopathology [9].

In summary, cystic lesions should be given a single meas-
urement based on the longest outer-wall to outer-wall dimen-
sion in which ever plane demonstrates the largest measure-
ment. This can be measured on the 2D or 3D MRCP and

Fig.4 Pleomorphic branch duct IPMN with a ‘cluster of grapes”
appearance on (a) coronal MIP of a 3D MRCP and a (b) 2D thick-
slab MRCP. Axial (c) and coronal (d) T2W SSFE images demonstrate
a cluster of tiny cysts but the extent of the lesion is better visualized
on the MRCP imaging. The borders of the lesion are ill-defined but

the size and extent of the lesion is best demonstrated and measured
in the coronal plane (b). A different patient underwent MDCT CT
(e, f) for surveillance on a BD-IPMN with lobulated, multi-septated
appearance. Note the coronal images are best for measuring the maxi-
mal dimension and measurements were saved on the PACS system
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should not include the neck or narrow connection to the
main pancreatic duct. The image and series number should
be documented in the report and saved on the PACS system
so it can be measured similarly on follow-up scans.

Interval growth

Cyst size of 3 cm or above is considered a “worrisome”
feature and impacts management. Currently, reporting the
single longest dimensional “outer wall to outer wall” meas-
urement in any plane is accepted as the standard despite
the limitations as discussed above. A threshold for report-
ing “interval growth” is not defined by the AGA. Revised
international consensus Fukuoka guidelines consider rate of
cyst growth of more than 5 mm in 2 years as a worrisome
feature [15] whereas European Guidelines use a thresh-
old of >5 mm/1 year [52] as indicating significant growth
(Fig. 5). The ACR incidental pancreatic cyst management
recommendations recommend the following stratified crite-
ria to define growth: lesions < 0.5 cm require 100% increase
in long-axis diameter; lesions > 0.5 cm and < 1.5 cm require
50% increase in long-axis diameter; lesions > 1.5 cm require
a 20% increase in long axis diameter [11]. In retrospective
studies, cysts>?2 cm in size at baseline were more likely to
develop features that would lead to consideration of resec-
tion including growth up to greater than 3 cm, development
of main duct involvement and mural nodularity [53]. Cysts
with growth rate of greater than 2 mm/year have signifi-
cantly higher risk of malignancy with a 5-year risk of 45.5%
versus 1.5% when that rate of growth was not observed [54]
and these data are supported by other retrospective stud-
ies [55]. Kwong et al. found a growth rate of 2 mm/year
of BD-IPMN had a sensitivity and specificity of 78% and
90% and an accuracy of 88% for identifying malignancy [56]
and a hazard ratio of 19.5 (95% CI 2.4-157.8) for develop-
ing malignancy. In this same study, total BD-IPMN growth
was also associated with increased risk of malignancy with
growth of at least 10 mm prior to cancer diagnosis [56].
ACR recommends that size should be reported so growth
rate can be documented [11].

It should be noted that cyst growth is not uncommon.
In a study of 131 patients with low to intermediate risk
BD-IPMN < 3.5 cm followed for >4 years, 56% of cysts
increased in size based on a interval growth threshold
of >20% or>2 mm after a minimum of 12 months [57].
Despite the majority of lesions increasing in size in that
study, growth rate did not exceed 1.7 mm/year, less than
10% of cysts developed worrisome features, only one lesion
(3%) had high-grade dysplasia, and none developed adeno-
carcinoma [57]. In similar studies with long-term follow
up (77-96 months), observation of an increase in cyst size
has been reported in the range of 38—-41% [58, 59]. While
the majority of cysts increase in size within the first year,
11-30% may exhibit delayed growth after 1 or even after
5 years [57, 60]. Other studies have shown delayed growth
and development of worrisome features, high-risk stigmata
or invasive carcinoma even after 5 years, thus supporting
long-term follow-up with imaging [61, 62]. ACR recom-
mends following lesions for 9 to 10 years in most patients
up to the age of 80 [11].

Multiplicity

Multifocal (> 1 distinct lesion) cystic pancreatic lesions are
present in 14-41% of patients (Fig. 6) [63-65]. In a study
of 150 patients who underwent 156 operations for IPMN,
among the BD-IPMNs, 59% were unifocal, 41% multifo-
cal, 83% were localized to one segment of the pancreas
and 17% were “diffuse” (involved more than one segment).
The authors observed that the mean number of BD-IPMNs
found in patients without an invasive component was 2.7
versus 1.6 (p=0.03) among those with BD-IPMN with an
invasive component suggesting the possibility that multiplic-
ity of BD-IPMN favors benignity. In another study of 145
patients with BD-IPMN, 14% had multifocal lesions with no
significant difference between benign and malignant IPMN
[64]. Another study with similar findings of no significant
difference in rate of malignancy between patients with multi-
or uni-focal cysts also demonstrated that progression in
patients with multifocal pancreatic IPMNs was more likely
in the dominant cyst [66]. Thus, decisions about surgery

Fig.5 Cyst size is an important feature to measure over time. As in
this case axial T2W SSFSE images at (c) baseline (b) 4 years and (c)
6 years later demonstrating a growth rate exceeding>5 mm/2 year
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Fig.6 3D MRCP MIP (a) and
volume rendered (b) images
show multiple cystic lesions of
varying sizes along the course
of pancreatic duct. Note absence
of dilatation of main duct due to
lack of communication. EUS-
FNA suggestive of multifocal
BD-IPMN

and surveillance should be based on the characteristics of
individual cysts, symptoms and risk factors [67]. Total pan-
createctomy is rarely required. Partial pancreatectomy, i.e.,
pancreas sparing surgery is favored with resection performed
on the most suspicious/highest risk lesions.

Reporting multifocality of pancreatic cystic lesions and
whether they are present in one segment of the pancreas
(localized) versus multiple segments (diffuse) is helpful but
each cyst should be evaluated individually; the most con-
cerning cyst(s), whether by size or presence of intermediate
or high-risk features should be described in detail to deter-
mine if surveillance or intervention is warranted.

Pancreatic duct dilation

IPMNs produce mucin that may inspissate and obstruct the
flow of normal pancreatic secretions. Diffuse dilation of
the main pancreatic duct (MPD) may be associated with
parenchymal atrophy and calcifications and mimic chronic
pancreatitis. Duct size is typically greater in the presence
of main duct IPMN as compared to duct dilation in chronic
pancreatitis. The absence of a history of pancreatitis as well
as more importantly, an underlying cause such as stone or
stricture for the duct dilation, favors a main duct IPMN.
Involvement of the main pancreatic duct, e.g., mixed branch
duct or main duct IPMN, increases the risk of invasive car-
cinoma. Direct communication of the cyst with the main
pancreatic duct may not always be clear, although every
possible effort should be made to establish or exclude this
relationship. When there is duct dilation, whether segmental
or diffuse, it is used as an indirect sign of communication.
Seo et al. found the median caliber of the MPD to be sig-
nificantly higher in patients with MD-IPMN (7-7.5 mm) as
compared to BD-IPMN (2 mm) [68]. An isolated finding of
MPD caliber of 5 mm at the level of the pancreatic head may
be a normal variant in the absence of an associated cystic
lesion, abrupt duct caliber change, or interval change from
prior imaging; however, the main pancreatic duct upstream
in the body and tail should remain <3 mm in diameter [69].
Dilation of the MPD either downstream only or both down-
stream and upstream to a cystic lesion suggests mucin over-
production and should raise suspicion for mixed-type IPMN.

Dilation of the main pancreatic duct upstream to a lesion
with abrupt cut-off of the duct at the level of the lesion in
the absence of history of pancreatitis should raise concern
for invasive carcinoma causing ductal obstruction.

The main pancreatic duct should be measured perpen-
dicular to its long axis and as mentioned above the duct
may be slightly larger in caliber in the head of the pancreas
compared to the body and tail. Similar to measuring the
cystic lesion itself, coronal and axial T2W sequences are
typically used and if those are suboptimal, the thick slab/
maximum intensity projection (MIP) MRCP image. The
MRCP is very helpful in allowing the radiologist to view
the entire length of the main pancreatic duct and appreciate
more caliber changes. The pancreas is obliquely oriented so
the pancreatic duct is not typically seen on a simple imag-
ing slice. Review of multiple slices and planes is usually
required to insure visualization of the entire pancreatic duct
throughout the gland.

Based on the 2017 international consensus guidelines,
main pancreatic duct caliber of 5-9 mm is considered a
“worrisome” feature requiring further evaluation with EUS,
while MPD > 10 mm is considered “high-risk stigmata” of
malignancy requiring referral for potential surgical resection
if the patient is a surgical candidate (Fig. 7) [14, 15]. ACR
recommendations suggest using a cut off of 7 mm or greater
as worrisome. Various studies have shown MPD dilatation to
be a predictor for malignancy in [IPMNs. However, the defi-
nition of MPD dilatation ranged from 5 to 10 mm in these
studies [68, 70-72]. Although MPD dilatation (>5-7 mm)
was associated with malignancy in BD-IPMN in their meta-
analysis, Kim et al. noted that the overall diagnostic value of
this finding was weak with a pooled specificity of 67% [70].
In contrast, Seo et al. showed a high specificity (98.1%) and
accuracy (86.7%) when the MPD caliber exceeded 10 mm
on CT and MRI in BD-IPMN, but with a very low sensitiv-
ity (12.5%) [68].

Although absolute measurements of the various imaging
features may be useful to predict malignancy in IPMNs and
hence guide management per the 2017 international con-
sensus guidelines, increase in cyst size or MPD diameter
compared with a previous examination may be the most
concerning feature. For example, new ductal dilatation to
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Fig.7 T2W fat suppressed
imaging demonstrates a cystic
lesion (a) in the pancreatic head
(arrow) without duct dila-

tion (b) presumed BD-IPMN.
After 7 months (¢) and then

18 months (d), there is increas-
ing upstream pancreatic duct
dilation suggesting a mixed-
type IPMN

7 mo later

4 mm in the pancreatic tail adjacent to an IPMN may war-
rant EUS for sampling even though the absolute size of the
MPD remains below the threshold to be categorized as a
worrisome feature.

Evaluating whether the cyst is in communication with
the main pancreatic duct can be challenging. Communica-
tion is defined as direct visualization of the cystic lesion in
continuity with the main duct with no septum in between.
This observation is important for characterization and risk
stratification as this finding is characteristic of BD-IPMN
and only rarely seen in the setting of MCNs [73]. MRI and
EUS have shown similar accuracy in determining if a cyst
communicates with the main duct with excellent interob-
server agreement [47, 74]. MRI however, has shown better
accuracy when compared to CT [75].

Mural nodularity

Mural nodules are defined as papillary excrescences >3 mm
within dilated MD or BD-IPMNs and are associated with

Fig.8 68-year-old male with
known main duct IPMN. Axial
heavily T2W MRCP image
shows a a 1 cm non-enhancing
mural nodule within the dilated
main pancreatic duct in head of
pancreas (arrow). Axial TIW
fat suppressed post contrast
image b show no enhancement
(arrow) within the lesion repre-
senting inspissated mucin
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baseline

18 mo later

malignancy (in situ and invasive carcinoma) especially in
combination with other worrisome features or high-risk stig-
mata [76]. If solid nodule enhancement can be confidently
identified with a nodule larger than 5 mm, it would be con-
sidered high-risk stigmata, and the patient should be referred
for surgical resection if clinically appropriate (Fig. 8) [14].
Like the cystic lesion itself, the largest dimension of the
nodule or the largest nodule should be measured on the
sequence and plane where it is seen best and documented
in the report. For enhancing nodules, this would be the post
contrast TIW GRE sequence in the portal venous of delayed
phase whereas non-enhancing nodules may be best measured
on the T2W images. A note of caution, flow effects on T2W
images can mimic nodules on the T2W sequences so it is
best to confirm the nodule is present in two different planes.

“Non-enhancing mural nodules” within a cystic pan-
creatic lesion or enhancing nodules <5 mm on CT or MRI
are considered worrisome features that require further
evaluation (Fig. 9). Comparing pre and post contrast MRI
images can identify an enhancing (worrisome nodule) from
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Fig.9 60-year-old male with
main duct IPMN in the head

of the pancreas with enhanc-
ing nodules seen on a axial and
b coronal views of a contrast
enhance CT (white and black
arrows) that are greater than

5 mm in diameter, a high risk
feature for malignancy

a non-enhancing (not worrisome) nodule, the result of a
“mucin ball”. Mucin balls are more common than enhancing
nodules and they are almost always on the dependent surface
of the cyst. Endoscopic contrast-enhanced ultrasound shows
promise for differentiation but more studies are warranted
[77].

Several studies have shown that the presence of a mural
nodule or solid component is a significant predictor of
malignancy whether seen on EUS, MRI, or CT [68, 70-72].
In a study of 180 IPMN specimens, an enhancing mural nod-
ule was detected in 44% of all IPMN, 93% in IPMNs with
high grade dysplasia, 59% with an invasive component, 36%
with intermediate grade and 19% with low grade dysplasia
[78]. Based on endoscopic ultrasound, larger mural nodules
(16 mm versus 4 mm) correlated with high-risk IPMNs [79].
Other studies have also shown mural nodule size to be pre-
dictive of malignancy with cutoff values ranging between
6 and 9 mm, whether in BD-IPMN or MD-IPMN [68, 80].

When cystic lesions are small (<2 cm) and/or spatial res-
olution is limited, it can be difficult to distinguish between
mural nodularity and confluent septa but nonetheless, it is
best to describe the finding if suspected, because either fea-
ture warrants short-term follow up or endoscopic ultrasound
evaluation and fluid sampling.

Thickened enhancing wall and septa

There is no well-defined threshold for wall thickening;
some authors have defined it as >2 mm while others define
itas>3 mm (Fig. 10) [81, 82]. Wall thickening may manifest
as focal or diffuse, smooth or irregular. Choi et al. demon-
strated that there is a statistically significant association of
cyst wall thickening and malignancy in IPMNs [72]. The
diagnostic value of this “worrisome” feature for diagnosing
malignant BD-IPMN is limited, with a pooled specificity
of 60% and a diagnostic odds ratio of 2.3 (95% CI 0.9-5.5)
based on a meta-analysis of 23 articles in 1373 patients [70].
Not surprisingly, given lack of a concrete objective defini-
tion for wall thickening, this finding is associated with a high
degree of interobserver variability among radiologists [83,
84]. While there is no set definition, we can extrapolate from

Fig. 10 Axial CT image demonstrates a 4.8 cm BD-IPMN with thick
enhancing wall (black arrow) and thick enhancing septations (white
arrow). While there is no well-defined threshold for wall thicken-
ing or septal thickening, it should be described when greater than
2-3 mm)

renal cyst imaging to define wall thickening as anything
more than a “thin and imperceptible” wall or a “pencil-thin”
wall, <2 mm [85]. Of note, perceived wall thickness can
change based on modality used for interpretation. Similar to
renal cysts, MRI may show apparent wall thickening particu-
larly on T2-weighted images due to lower spatial resolution
and other subtle artifacts [86]. Of note, in certain cases, a
thick enhancing wall may be the only suggestion that the
lesion is in fact a different type of pancreatic lesion such as
a ductal adenocarcinoma with central necrosis, pancreatic
neuroendocrine tumor with cystic degeneration, MCN, or
metastasis mimicking an IPMN due to central cystic change
O Necrosis.

Although some IPMNs may be unilocular, many are
multiloculated containing multiple septa coursing through
the cystic lesion which may or may not enhance [87]. It
is important to differentiate between thin septae and thick
enhancing septae. Thickened septae, defined as measur-
ing >2 mm, have been shown to predict malignancy [70, 71].
While thick enhancing septa are not specifically mentioned
as high risk stigmata or a “worrisome” feature, their pres-
ence, especially if new, should prompt evaluation with EUS.
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Lymph node enlargement

Lymph node enlargement is considered a worrisome feature
based on international guidelines [15]. The definition is short
axis > 1 cm with round morphology, heterogeneity, or central
necrosis, and is extrapolated from the pancreas adenocarci-
noma literature [88]. In one retrospective study including
140 patients with IPMN involving the main duct treated with
resection, of 137 who had follow up, 41% (24/58) of those
diagnosed with IPMN containing invasive carcinoma had
positive lymph nodes. Their survival was worse than that of
patients with invasive cancer and negative lymph nodes but
the comparison did not reach statistical significance [89].
Other studies are in agreement that positive lymph nodes
and a>?2 cm invasive component impart poorer prognosis
in patients with invasive IPMN [90]. However, there is no
prospective literature with regards to lymphadenopathy and
BD-IPMN.

Carbohydrate antigen 19-9

Carbohydrate antigen 19-9 (CA 19-9) is an independent pre-
dictor of stage and survival in patients with resectable pan-
creatic ductal adenocarcinoma. A recent meta-analysis of 15
studies in 1629 patients found a pooled sensitivity and speci-
ficity of 52% and 88% for detecting invasive carcinoma in
IPMN and 40% and 89%, respectively, for malignant IPMN
[91]. CA 19-9 may not be routinely obtained or available
to the radiologist upon interpretation of imaging studies.
International guidelines suggest a serum CA 19-9 level > 37
p/ml is a worrisome feature, but other authors suggest that
a higher threshold of 100 p/ml may be more useful [92] to
improve accuracy.

Obstructive jaundice

Most branch duct IPMNs are asymptomatic at presentation.
There is a weak correlation between symptoms and malig-
nancy with an odds ratio of 1.6 (CI 1.0-2.6). The most com-
mon symptoms in order of incidence include: abdominal
pain, weight loss, pancreatitis, jaundice, back pain, palpable
mass and post prandial fullness [93, 94]. Obstructive jaun-
dice, although not commonly seen at presentation, has a high
association with high grade dysplasia (HGD) and invasive
cancer (IC), with a hazard ratio of 9.3 (CI of 2.4-35.4) [95].
Other symptoms such as recent onset diabetes is associated
with both an increased risk of high grade dysplasia/invasive
cancer and higher likelihood of more aggressive histologic
subtypes [28, 96] and considered a relative indication for
surgical resection in the European guidelines [52].
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Reporting template for known or suspected
IPMN

Management of pancreatic IPMNs is best determined using
a multidisciplinary approach including radiologists, gas-
troenterologists, oncologists, pathologists, and pancrea-
ticobiliary surgeons. To facilitate management decisions,
diagnostic imaging reporting of IPMNs should be tailored
to the practice patterns of the multidisciplinary group with
our proposed structure reports in the form of a macro(s)
presented in Appendices 1 and 2. A macro is also provided
with management recommendations based on the ACR 2017
white paper (Appendix 3) but other management recommen-
dations could be listed if preferred by local referrers. The
size threshold for including cystic lesions within imaging
reports and the maximum number of lesions reported should
be determined in this context.

Location of the lesion should be reported as this allows
for localization during EUS and surgical planning and fol-
low-up. In addition to reporting specific features of the cystic
lesion as discussed above, it is important to closely examine
the rest of the gland as patients with IPMN may present with
synchronous or metachronous ductal adenocarcinoma else-
where in the pancreas [10, 97]. Pancreatic parenchymal and
extra-pancreatic changes should be observed and reported as
these findings potentially represent more ominous signs of
infiltrative neoplasm or acute/chronic pancreatitis as alter-
nate diagnoses. Lastly, calcifications may be seen in up to
20% of IPMNs and have been described as punctate (87%),
coarse (33%) or eggshell (rarely seen in [IPMNs, more often
seen in mucinous cystic neoplasm, MCNs) based on CT data
[98]. Calcifications in IPMN are more often seen peripher-
ally in the wall of the cyst. In larger retrospective studies
of subjects with IPMN, calcification was more likely seen
in larger cysts but was not associated with histologic type
or aggressiveness [98]. Coarse calcification were associated
with malignancy but not in isolation. Additional worrisome
and/or high risk features were observed in addition to the
calcification. Calcification is included in the provided stand-
ardized reports as it is relevant to the differential diagnosis
but is not considered a worrisome or high risk feature.

Guidelines/recommendations

Guidelines and recommendations have been published
addressing management of pancreatic IPMNs between
2006 and 2018 and these are summarized and compared
in Table 2 [11-15, 26, 52, 94, 99, 100]. The first interna-
tional consensus guidelines for the management of pancre-
atic IPMNs were established in 2006, also referred to as the
Sendai guidelines. These were subsequently revised in 2012
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Table 2 Surveillance of asymptomatic known/suspected pancreatic IPMN without high risk or worrisome features [11, 15, 52, 94, 100]

American Gastroenterology

Association

2015

European Study

2018

American College of Radiology

2017

American College of Gastro-

eneterology 2018

Cyst size International Association of

Pancreatology

(Fukuoka) 2017

< 5 mm: CT/MRI at 2 years and stop if unchanged < 1.5 cm: MRI/EUS at 1 year MRI in 1 year, then every

MRI every 2 years, lengthen

CT/MRI in 6 months; then

<1lcm

2 years for 5 years
Stop at 5 years if unchanged

and annually for 3 years.
Extend interval to every

0.5-2.5 cm: CT/MRI annually for 5 years, then

interval after 4 years

every 2 years
CT/MRI every 6 months

every 2 years. May stop after 9 -10 years if

unchanged

MRI annually for 3 years then

1-2 cm

2 years after 3 years of

stability

every 2 years for 4 years

for year then annually for

2 years.
EUS at 3-6 months, then
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> 2 cm: EUS/MRI every

2-3cm

> 2.5 cm: CT/MRI every 6 months for 2 years. If

6 months for 3 years, then
annually for 4 years

lengthen interval.
Alternate MRI/EUS as appro-

and annually thereafter

stable, annually for 2 years, then every 2 years for

6 years
May stop after 10 years if unchanged

priate

Alternate MRI/EUS every

If not sure lesion is IPMN, consider EUS/FNA

>3cm

3-6 months

and in 2017 and are commonly referred to as the Fukuoka
guidelines [13, 14]. Based on the presumed risk of malignant
change, the Fukuoka Guidelines classified IPMNs into low,
intermediate and high-risk groups. This categorization was
determined by the absence of concerning imaging features
(low risk); the presence of worrisome features (intermediate
risk) and high risk stigmata (high risk) (Table 1). Low risk
lesions could be followed with serial imaging, intermedi-
ate risk lesions should undergo EUS and FNA for further
characterization and high risk lesions should be considered
for surgical resection. The interval of follow up imaging
is stratified based on size of lesions and is summarized in
Table 2. Patients are to be followed until they are unlikely
to benefit from surgical intervention, whether due to overall
health status or limited life expectancy.

There are several early studies with small patient cohorts
validating the superiority of the Fukuoka guidelines over the
Sendai guidelines. These reported high positive predictive
value (PPV) (74-57%) and high negative predictive value
(NPV) of 100% and 96% when using imaging features for
determination of malignant change [101, 102]. Goh et al.
performed a systematic review of the literature between
2012 and 2014 and reported that the PPV of the tumors that
met resection criteria using the Fukuoka guidelines was low:
ranging between 27 and 62% with an overall PPV of only
36% whereas the NPV was high, ranging from 83 to 100%
[103].

The European Study Group on Cystic Tumors of the Pan-
creas published their consensus statement on management of
pancreatic cystic lesions in 2013 [99] and updated in 2018
[52] with the focus on surgical indications. The consensus
was achieved using an evidence-based approach including
a Grading of Recommendations Assessment, Development
and Evaluation (GRADE) rating for the quality of the evi-
dence and the strength of the recommendation. They divide
lesions into those with no indication, relative, and absolute
indications for surgery. The absolute indications for resec-
tion were positive cytology for malignant/high grade dys-
plasia, solid mass, tumor related jaundice, enhancing mural
nodules > 5 mm and main pancreatic duct (MPD) dilata-
tion of > 10 mm. The relative indications for resection were
rapid growth rate (>5 mm/year), and elevated serum CA
19-9 levels (=37 U/ml, MPD dilation 5-9.9 mm, cyst diam-
eter >4 cm, enhancing mural nodules <5 mm, new onset
diabetes or acute pancreatitis due to the cystic lesion. The
follow up recommendations for non-resected lesions favored
long-term surveillance with the surveillance intervals of
6 months in the first year and annual surveillance subse-
quently including monitoring clinical symptoms, serum CA
19-9 levels and re-examining the lesions with MRI and/or
EUS. Patients are to be followed until they are no longer
appropriate surgical candidates.
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The AGA published their guidelines in 2015, which
focus only on incidental, asymptomatic pancreatic neo-
plastic cysts [12, 100]. They too used an evidence-based
GRADE framework [104]. The guidelines do not evaluate
the impact of symptoms on the management of cysts nor do
they consider other neoplastic cysts such as solid papillary
neoplasms, cystic adenocarcinomas, neuroendocrine tumors,
or main duct IPMN without side branch involvement. The
three features used in AGA guidelines for risk stratification
of incidental cysts are presence of main pancreatic ductal
dilation, solid nodule and cyst size >3 cm. If cysts do not
have more than 1 of these features, they can be followed up
with MRI for surveillance. For cysts with at least 2 high
risk features, AGA guidelines recommend EUS and FNA. If
cytology from FNA is concerning for malignancy, surgical
resection is to be considered and if FNA is not concerning
for malignancy, the cysts can be followed with imaging. The
AGA recommendations do not support continued surveil-
lance beyond 5 years if there is no change in cyst size or
appearance or if the subject is no longer a surgical candidate.

The American College of Gastroenterology (ACG) pub-
lished their guidelines on surveillance of IPMN and MCN in
2018 also using an evidence-based GRADE rating approach
[94]. The guidelines rely on the radiologist’s report, but his-
tory, symptoms and laboratory data play a central role in
decision-making such as jaundice secondary to the cyst,
new onset or worsening diabetes mellitus and pancreatitis
secondary to the cyst or elevated CA 19-9. EUS and FNA
play a major role in stratifying risk especially if there are
intermediate type risk factors such as MPD >5 mm or more
concerning features. Multidisciplinary discussion is recom-
mended if there are more concerning features such as MPD
involvement or patulous ampulla, high grade dysplasia at
cytology, or mural nodule. Threshold size of nodules or the
main pancreatic duct is not specified in the ACG guidelines.
If the cystic lesion is not definitively characterized as serous
cystadenoma after EUS and is suspected to be a mucinous
tumor (IPMN or MCN), follow up with MRI is recom-
mended for small < 1 cm cysts every 2 years, annually for
cysts 1-2 cm and MRI or EUS for 2-3 cm cysts at 6 months
to 1 year. During follow up, increase in size >3 mm/year
or new suspicious feature prompts further evaluation with
shorter interval MRI follow up, EUS or multidisciplinary
discussion. Surveillance may be discontinued if patient is
no longer a surgical candidate based on informed discussion
when patient is > 75 years.

The ACR’s incidental findings committee on pancreatic
lesions published a revised white paper on the management
of incidental (asymptomatic) pancreatic cysts in 2017 [11].
ACR recommendations incorporate the Fukuoka guidelines
with respect to cysts with high risk stigmata prompting sur-
gical resection and cysts with worrisome features prompting
EUS and FNA. As compared to Fukuoka guidelines where
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low risk IPMN follow up is stratified based only on lesion
size, ACR guidelines for follow up of lesions are stratified
based on lesion size as well as patient age and are summa-
rized in Table 2. In general, for most patients under 80 years
of age, ACR guidelines recommend a 9 to 10-year follow
up, terminating at the age of 80 years or if the patient is no
longer a candidate for surgery. One exception is the so-called
“white dot” (<5 mm) lesions seen on T2-weighted MRI.
Based on limited clinical and published experience, ACR
recommendations suggest that one follow-up CT or MRI at
2 years demonstrating stability is sufficient to stop surveil-
lance or some may choose not to report these observations
in patients > 75 years.

Given the lack of clinical trials, these various guidelines
are based largely on retrospective data and expert opinion,
resulting in low grade recommendations. The management
of pancreatic IPMN is therefore strongly influenced by local
expertise and experience, as well as variable practice set-
tings, with patient preference, demographics, comorbidi-
ties, and imaging features informing the decision-making
process. There is clearly a need for prospective studies and
cost effectiveness analyses. ACR 2017 recommendations
were developed to assist radiologists in clinical practice who
may have limited time to access the multiple guidelines and
recommendations and/or local expertise for management of
these patients. While the guidelines do vary, there are many
common elements and further effort towards a single uni-
versal guideline is warranted. In general practice, the DFP
encourages the use of ACR recommendations by default
unless a practice has consulted with their referrers and the
institutions have chosen to follow alternate guidelines.

Conclusion

In summary, in an effort to standardize the reporting of
pancreatic cystic lesions that require intervention and/or
imaging surveillance, we have reviewed definitions of key
features that should be reported, demonstrated how meas-
urements should be performed through illustrative exam-
ples and offer a downloadable reporting template that can
be implemented and tailored to local clinical practice. We
also review the latest management guidelines from the IAP,
European Study Group, AGA, ACG and ACR that can be
incorporated into template reports and used in daily practice
to help guide radiologists, referring clinicians and inform
multidisciplinary discussions for patients with pancreatic
cystic lesions.

Funding Non funded.
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Appendix 1

Pancreatic Cystic Lesion Reporting Macro (Initial Scan)

Pancreatic parenchyma: [normal in morphology and enhancement/atrophic; if so, focal (and specify segment involved) or
diffuse (> 1 segment involved)], [hypoenhancing/hyperenhancing]. Comment on fatty infiltration if present, focal or diffuse
as it may affect conspicuity of lesions.

Peripancreatic soft tissues: [normal/edema/stranding/collection/other-describe].

Main pancreatic duct (MPD): [non-dilated/dilated]; [diffuse/segmental (if segmental, specify site of narrowing and
dilation]

MPD wall thickening or mural nodularity: [absent/present]. If present, describe and measure enhancing mural nodule
Solid pancreatic mass: [none/present]; if present, use a PDA staging template (or macro)

Pancreas cystic lesion(s) are seen as follows:

*  Number of lesions: [none/single/multiple]; describe number and distribution (optional)

Lesion: (if multiple, list and describe the largest lesion or lesion(s) with the most worrisome features)

* Location: [uncinate, head, neck, body, tail]

*  Size (outer wall to outer wall): [___] cm in longest dimension (indicate plane, series, image number for reference
and label on PACS)

*  Morphology: [unilocular/multilocular]; if multilocular, indicate [macrocystic (individual cysts >2 cm)] or
[microcystic]; [round/oval/tubular/pleomorphic (containing 3 or more cysts or “bunch of grapes” appearance)

*  Wall thickening, septae or mural nodule within cyst: [absent/present] If present, describe and specify if
enhancing

* Calcification: [none/present]; [central/peripheral/circumferential rim]

Impression:

Pancreatic cystic lesion(s) [likely branch-duct IPMN or provide differential] with the [most suspicious/largest] located in the
[uncinate/head/neck/body/ tail] measuring [__] cm [with/without] main duct dilation and [with/without] worrisome or
high risk features.

(Items in brackets are input variables; lists separated by slashes represent input variable options; default text is in bold and
underlined)

Terminology:

Dilated main pancreatic duct = > 5 mm in the head and > 4 mm in the neck/body/tail

Wall thickening, septae or mural nodule within cyst = > 2 mm in thickness

Worrisome features = cyst > 3 cm; main pancreatic duct > 7 mm, thick enhancing cyst wall (> 2 mm) and/or non-enhancing mural
nodule

High-risk features = enhancing solid component or main pancreatic duct caliber > 10 mm in the absence of obstruction

IPMN= intraductal papillary mucinous neoplasm.
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Appendix 2

IPMN Follow up Reporting Macro (Surveillance Scan)

Pancreatic parenchyma: [normal in morphology and enhancement/atrophic; if so, focal (and specify segment involved)
or diffuse (> 1 segment involved)]; [hypoenhancing/hyperenhancing]. Comment on fatty infiltration if present, focal or
diffuse as it may affect conspicuity of lesions.

Peripancreatic soft tissues: [normal/edema/stranding/collection/other-describe].

Main pancreatic duct (MPD): [non-dilated/dilated]; [diffuse/segmental (if segmental, specify site of narrowing and
dilation]

Solid pancreatic mass: [none/present]; if present, use the PDA staging template

Pancreas cystic lesion(s) are seen as follows:

Number of lesions: [single/multiple]; describe number and distribution (optional)

Lesion: (if multiple, list and describe the largest lesion or lesion(s) with the most worrisome features)

* Location: [uncinate, head, neck, body, tail]

*  Size (outer wall to outer wall): [___] cm in longest dimension (indicate plane, series, image number for
reference and label on PACS) [previously, [__]cm]

*  Morphology: [unilocular/multilocular]; if multilocular, indicate [macrocystic (individual cysts >2 cm)] or
[microcystic]; [round/oval/tubular/pleomorphic (containing 3 or more cysts or “bunch of grapes” appearance)]

e Communication with main pancreatic duct: [absent/present/indeterminate]

*  Worrisome or high risk features: [absent/present] if present, describe using terminology below or consider
‘picklist’ for the individual features listed below.

Impression:

Pancreatic cystic lesion(s) [likely branch-duct IPMN] located in the [uncinate/head/neck/body/tail] measuring [__] cm
[with/without] main duct dilation and [with/without] worrisome or high risk features. The lesions is [stable/ increased (>2
mm change)/decreased] in size compared to [date].

(Items in brackets are input variables; lists separated by slashes represent input variable options; default text is in bold and
underlined)

Terminology:

Dilated main pancreatic duct = > 5 mm in the head and > 4 mm in the neck/body/tail

Wall thickening, septae or mural nodule within cyst = > 2 mm in thickness

Worrisome features = cyst > 3 cm; main pancreatic duct > 7 mm, thick enhancing cyst wall (> 2 mm) and/or non-enhancing mural
nodule

High-risk features = enhancing solid component or main pancreatic duct caliber 2 10 mm in the absence of obstruction

IPMN-= intraductal papillary mucinous neoplasm.
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Appendix 3: Simplified version of the ACR 2017 management recommendations that could
be incorporated into a standardized report

ACR 2017 Asymptomatic Pancreatic Cyst Recommendations Macro

*Recommendations for asymptomatic, incidental pancreatic cysts: Please see reference below for more detail.

« <5 mm: CT/MRI at 2 years and stop if unchanged

« 0.5-2.5 cm: CT/MRI annually for 5 years, then every 2 years. May stop after 9 -10 years if unchanged

« 2.5 cm: CT/MRI every 6 months for 2 years. If stable, annually for 2 years, then every 2 years for 6 years. May stop
after 10 years if unchanged. If not sure lesion is an IPMN or if lesion develops worrisome or high risk features,
consider endoscopic ultrasound and fine needle sampling.

Megibow AJ et.al. Management of Incidental Pancreatic Cysts. JACR 14 (7):911-923. doi:10.1016/j.jacr.2017.03.010

*In this example template, we are using ACR recommendations which may be most helpful for non-specialist referrers but this could be
substituted with the agreed upon institutional recommendations
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