Abdominal Radiology (2024) 49:3517-3527
https://doi.org/10.1007/500261-024-04449-8

PANCREAS ()

Check for
updates

Comparison of intra- and inter-reader agreement of abbreviated
versus comprehensive MRCP for pancreatic cyst surveillance

Chenchan Huang'® - Vinay Prabhu’ - Paul Smereka' - Abhinav Vij' - Rebecca Anthopolos? - Cristina H. Hajdu' -

Bari Dane'

Received: 18 May 2024 / Revised: 4 June 2024 / Accepted: 7 June 2024 / Published online: 18 June 2024
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2024

Abstract

Objective To retrospectively compare inter- and intra-reader agreement of abbreviated MRCP (aMRCP) with comprehen-
sive MRI (cMRCP) protocol for detection of worrisome features, high-risk stigmata, and concomitant pancreatic cancer in
pancreatic cyst surveillance.

Methods 151 patients (104 women, mean age: 69[10] years) with baseline and follow-up contrast-enhanced MRIs were
included. This comprised 138 patients under cyst surveillance with 5-year follow-up showing no pancreatic ductal adenocar-
cinoma (PDAC), 6 with pancreatic cystic lesion-derived malignancy, and 7 with concomitant PDAC. The aMRCP protocol
used four sequences (axial and coronal Half-Fourier Single-shot Turbo-spin-Echo, axial T1 fat-saturated pre-contrast, and
3D-MRCP), while cMRCP included all standard sequences, including post-contrast. Three blinded abdominal radiologists
assessed baseline cyst characteristics, worrisome features, high-risk stigmata, and PDAC signs using both aMRCP and
cMRCP, with a 2-week washout period. Intra- and inter-reader agreement were calculated using Fleiss’ multi-rater kappa
and Intra-class Correlation Coefficient (ICC). 95% confidence intervals (CI) were calculated.

Results Cyst size, growth, and abrupt main pancreatic duct transition had strong intra- and inter-reader agreement. Intra-
reader agreement was ICC =0.93-0.99 for cyst size, ICC=0.71-1.00 for cyst growth, and kappa=0.83—1.00 for abrupt
duct transition. Inter-reader agreement for cyst size was ICC=0.86 (aMRCP) and ICC =0.83 (¢cMRCP), and for abrupt duct
transition was kappa=0.84 (aMRCP) and kappa=0.69 (cMRCP). Thickened cyst wall, mural nodule and cyst-duct com-
munication demonstrated varying intra-reader agreements and poor inter-reader agreements.
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Conclusion aMRCP showed high intra- and inter-reader agreement for most pancreatic cyst parameters that highly rely on

T2-weighted sequences.

Graphical abstract

Comparison of Intra- and Inter-reader Agreement of Abbreviated
versus Comprehensive MRCP for Pancreatic Cyst Surveillance
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There was strong intra- and inter-
reader agreement for pancreatic cyst
features at aMRCP that relied on T2
weighted sequences such as cyst size,
growth, main pancreatic duct caliber
and abrupt duct transition. However,
both aMRCP and cMRCP had no to
slight agreement for important
imaging features of cyst wall
thickening and mural nodule.
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Introduction

Pancreatic cystic lesions (PCLs), often interchangeably
called Branch—Duct Intraductal Papillary Mucinous Neo-
plasms (BD-IPMNs), are increasingly detected on imaging
studies, with a prevalence approaching 50% on MRI [1].
Long-term surveillance studies of PCLs report an esti-
mated incidence of malignancy arising from these PCLs
(PCL derived malignancy) from 1.8 to 4.3% at 5 years
[2-6] and up to 15% in 15 years [4]. In addition, concomi-
tant cancer can arise away from PCLs, elsewhere in the
pancreas, due to a “field defect” associated with PCLs [7].

Pancreatic cancer has a dismal 5-year survival rate as
most patients present with locally advanced or metastatic
disease [8]. However, patients presenting with stage 1A
pancreatic cancer have a 5-year survival of up to 83.7%
[9]. Therefore, major societal guidelines, including the
American Gastroenterology Association (AGA), the
American College of Gastroenterology (ACG), the Ameri-
can College of Radiology (ACR), the European Evidence-
Based, and the International Association of Pancreatology
(IAP)/Fukuoka guidelines [10—14] recommend long-term
surveillance of pancreatic cysts, often with magnetic reso-
nance imaging/magnetic resonance cholangiopancreatog-
raphy (MRI/MRCP), hereafter referred to as MRI, with the
goal of early detection of PCL derived pancreatic cancer.

@ Springer

MR, typically with and without intravenous contrast, is
often the imaging modality of choice for cyst surveillance
given its excellent tissue characterization, avoidance of
ionizing radiation, and the ability to perform the heavily
T2-weighted MRI sequences. However, patient discomfort,
time, and cost associated with intravenous contrast admin-
istration, as well as concern about gadolinium deposition in
the brain [15] have sparked interest in an abbreviated MRI
protocol without utilizing intravenous contrast.

Therefore, the purpose of our study was to retrospectively
assess intra- and inter-reader agreement of an abbreviated
MRI (aMRCP) and a comprehensive MRI (¢cMRCP) proto-
col for PCL surveillance, assessment for worrisome features
or high-risk stigmata, and detection of concomitant pancre-
atic cancer.

Methods

This retrospective study was approved by our Institutional
Review Board and performed in compliance with the
Health Insurance Portability and Accountability Act. The
requirement for informed consent was waived. The study
cohort included three groups of patients with PCLs: (a)
patients undergoing routine PCL surveillance, (b) patho-
logically proven cases of PCL derived malignancy (high-
grade dysplasia and/or invasive carcinoma), and ¢) PCL
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with concomitant PDAC elsewhere in the pancreas. The
last group is included because of the reported increased
incidence of concomitant PDAC associated with PCL
owing to the “field defect” theory [7, 16, 17], and there-
fore the need to assess how well aMRCP and cMRCP are
at detecting secondary signs of concomitant PDAC.

Patients

A retrospective departmental database search was per-
formed to identify adults (> 18 years) who underwent
an MRI for pancreatic cyst follow-up from January 2017
through December 2017 and a prior baseline contrast-
enhanced MRI at least 1 year earlier. The search terms
for the “Indication” in the radiology reports included:
“pancreatic cyst-”, “pancreatic IPMN-", or “intraductal
pancreatic mucinous neoplasm follow up”. Specific inclu-
sion criteria for this study were (1) baseline cMRCP for
comparison; (2) follow up contrast-enhanced cMRCP for
cyst surveillance; (3) at least 5 years of clinical or imag-
ing follow-up confirming no subsequent pancreatic cancer
diagnosis for these patients undergoing PCL surveillance.
Patients that had prior pancreatic surgery were excluded.

Pathology database query

In order to enrich the study population with cases of
malignancy (high-grade dysplasia and invasive carci-
noma) arising from BD-IPMNs, the pathology database
was searched by an abdominal radiologist (CH) from
2014 to 2020 for patients that have undergone pancre-
atic resections for the indications of “pancreatic cyst” or
“intraductal mucinous cystic neoplasm”. These patients
must have also had 2 MRIs that are at least 1 year apart.

Pancreatic tumor board conference database query

Two authors (CH and BD) reviewed cases from weekly pan-
creatic tumor board conferences from 2017 to identify path-
ologically proven primary PDAC that had at least 1 coexist-
ing cyst elsewhere in the pancreas. The images showed no
biliary stents, pancreatic stents, or metastases. These patients
must have had 2 MRIs that are at least 1 year apart.

Comprehensive MRI protocol (Table 1)

All patients underwent a cMRCP on either 1.5T and 3.0T
MRI systems. Patients fasted for 4 h prior to the MRI exami-
nation and drank 1 cup of water mixed with 1 mL of gado-
linium-based contrast immediately before the examination
in order to suppress fluid signal from stomach and proximal
small bowel (Gadobutrol, Bayer HealthCare, Whippany,
NJ). A phased array flex coil covered the patient’s abdo-
men. The sequences included in the cMRCP are as follows:
coronal half-Fourier acquisition single-shot turbo spin echo
(HASTE), axial HASTE, axial in and out of phase, diffusion-
weighted imaging with 3 b-values (b-50, b-400 and b-800),
axial T1 fat-suppressed pre- and post-contrast (3 post con-
trast acquisitions at 5, 60 and 180 s using bolus tracking)
and delayed coronal volumetric interpolated breath-hold
examination (VIBE) after the initiation of intravenous
contrast (Gadobutrol, 0.1 mmol/kg). Coronal oblique (cov-
ering pancreatic duct and biliary tree) 3D MRI and MIP
were obtained, and if failed, thick slab coronal oblique T2
weighted sequences were obtained.

Abbreviated MRI technique (Table 1)

A simulated aMRCP including 4 selected sequences from
the cMRCP for radiologist review: HASTE (coronal and
axial), axial T1 fat suppressed pre-contrast VIBE, and 3D
MRI sequences.

Table 1 Technical parameters of the MRI imaging protocol and sequences including in the imaging datasets of cMRCP and aMRCP protocols

Sequence Imaging plane Slice thick- TE (ms) TR (ms) Scan time (s) cMRCP aMRCP
ness/gap
(mm)
T2-weighted HASTE Axial 4/4 90 () 52 X X
T2-weighted HASTE Coronal 5/6 92 o0 45 X
T1-weighted 2D GRE in/opposed phase Axial 5/6.25 2.2/44 133 12.64 x 2 breath holds=25 x
T2-weighted 3D SPACE MRI Coronal 0.94/0 6023 700 344 X X
MRI Thick Slab Coronal X 3 50 746 4500 5% 3 breath holds =15 X
T1-weighted 3D VIBE FS pre-contrast ~ Axial 3 1.74 3.57 15 X X
T1-weighted 3D post-contrast Axial, 3 measures 3 1.74 3.57 15.24 X
T1-weighted post-contrast delayed Coronal 3 1.47 3.17 13.06 X
Diffusion weighted imaging Axial 8 66 2400 85 X

B values: 50, 400 and 800 s/mm?2
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Imaging review

Three fellowship trained abdominal radiologists with 4, 2,
and 2 years of post-fellowship experience, blinded to initial
imaging report and clinical information, performed inde-
pendent imaging review. All radiologists routinely interpret
MRI for pancreatic cyst surveillance during daily clinical
practice. Radiologists were aware that this study cohort
consisted of patients undergoing pancreatic cyst surveil-
lance, but were not aware that the study included a subset of
“enriched” malignant cases. To simulate real world experi-
ence in the reading room, radiologists had access to the prior
c¢cMRCP images and report for comparison, but were blinded
to the surveillance MRI radiology reports and clinical infor-
mation, endoscopic ultrasound, or pathology results for any
of these cases.

All MRI examinations were reviewed on Picture Archiv-
ing and Communication System (Intellispace® PACS,
Philips Medical Systems Einthoven, Netherlands) in 2 inde-
pendent reading sessions. The aMRCP were reviewed first
and then following a 2-week washout period the cMRCP
were reviewed. Radiologists assessed the largest or most
suspicious cyst, deemed as the dominant cyst on the MRI
study for the following key features according to the ACR
2017 pancreatic cyst white paper [11] (Table 2): cyst multi-
plicity, size, growth, location, morphology (unilocular ver-
sus multilocular), thickened cyst wall (enhancing thickened
cyst wall if on cMRCP), mural nodule (both enhancing and
non-enhancing mural nodule if on cMRCP), pancreatic duct
caliber where widest. Readers also assessed for signs of con-
comitant PDAC including abrupt pancreatic duct stricture
or caliber change, solid pancreatic mass, or peripancreatic
vessel (celiac artery, superior mesenteric artery, common
hepatic artery, main portal vein and superior mesenteric
vein) involvement by soft tissue.

Statistical analysis

Inter-reader agreement between all 3 radiologists was calcu-
lated for each item using Fleiss’ multi-rater kappa statistic

(x) and continuous variables were assessed based on the
Intra-class Correlation Coefficient (ICC). Ninety-five per-
cent confidence intervals (CI) also were calculated. Diagnos-
tic performance of aMRCP and cMRCP was also assessed
using pathology proven PCL derived malignancy and con-
comitant pancreatic cancers. Kappa value of <0 is consid-
ered no agreement; 0.01- 0.20, none to slight; 0.21-0.40,
fair; 0.41-0.60, moderate; 0.61-0.80, substantial; and > 0.81
is considered almost perfect agreement [18]. Statistical com-
parison of diagnostic performance of aMRCP and cMRCP
for PCL derived malignancy and concomitant pancreatic
cancer was not performed due to the small sample size (6
and 7 patients, respectively). All statistical analyses were
performed by an open source statistical software program R
(R Core Team, version 4.3.2; Vienna, Austria). A 2-tailed P
value of less than 0.05 was considered to indicate a statisti-
cally significant difference.

Results
Patients

Figure 1 shows the patient inclusion flowchart. 1781 con-
secutive patients were initially identified by retrospective
departmental database search. 150 consecutive patients
were identified. 12 patients were excluded due to lack
of prior cMRCP or prior pancreatic surgery, leaving 138
patients in the low risk PCL follow-up group. This group
of patients had at least 5 years clinical or imaging fol-
low-up to ensure cyst benignity: 106 patients had clinical
notes supporting no pancreatic cancer diagnosis and the
remaining 32 patients had cross sectional imaging avail-
able 5 years later in 2023 without evidence of pancreatic
cancer or metastases. Additional 13 patients were added
for cohort enrichment as follows (7 concomitant PDAC
identified by multidisciplinary tumor board review and
6 with malignant IPMN). Manual review of pathology
reports yielded 16 cases of malignancy arising from an
IPMN, 10 were excluded due to lack of 2 MRIs, leaving

Table 2 Pancreatic cyst
worrisome features and high-

Worrisome features

High-risk stigmata

risk stigmata, Adapted from

Cyst size >3 cm
ACR 2017 White Paper [11]

Thickened/enhancing cyst wall
Nonenhancing mural nodule

Main pancreatic duct diameter 7-9 mm

Cyst growth*

Jaundice

Enhancing solid component within cyst
Main pancreatic duct diameter > 10 mm

Cysts <0.5cm growth is defined as a 100% increase; for cysts > 0.5 and < 1.5 cm, growth is defined as 50%
increase in size, and cysts > 1.5 cm require a 20% size increase for growth

*Cyst growth is based on percentage of cyst enlargement based on initial cyst size measured in a maximal

dimension
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Fig. 1 Patient selection flow
chart

6 cases of malignancy arising from an IPMN (4 out of 6

1781 surveillance
MRCPs in 2017

l

First consecutive 150
patients

16 patients with PCL
derived malignancy

Excluded 12
patients: prior
pancreaticsurgery,
no baseline
comprehensive
MRCP

Excluded 10
patients: no
prior 2 MRCPs

138 patients with low
risk PCL

6 patientswith PCL
derived malignancy

7 patientswith concomitant PDAC

Final cohort of 151 patients

were high -grade dysplasia, 2 out of 6 were invasive car-

cinoma). The final cohort consisted of 151 patients (104
women and 47 men, mean [SD] age: 69[10] years. Table 3
summarizes patient and dominant PCL characteristics.

Table 3 Patient demographics
and overall PCL characteristics
amongst 3 readers:

Intra-reader agreement between aMRCP and cMRCP

Tables 4 shows intra-reader agreement for PCL evaluation.
Intra-reader agreement was almost perfect (ICC=0.93-0.99)
for cyst size, strong to almost perfect for cyst growth

(ICC=0.71-1.00) and cyst location (kappa=0.79-0.99).
While 2 readers had almost perfect intra-reader

Patient characteristic

Number

Age (mean [SD])
Sex
PCL characteristics
Multiplicity (n, %)
Size (mean [SD])
Growth (n, %)
Location (n, %)
Head
Body
Tail
Multilocular (n, %)
Communication with main pancreatic duct (n, %)
Yes
No
Unable to determine
Wall thickening
Mural nodule
Maximum main pancreatic caliber (mean [SD])
Duct abrupt transition
Solid mass away from cyst

Perivascular soft tissue**

69[10] years

104 women and 47 men

aMRCP
327/450% (13%)
1.608cm [1.001]
38/450 (8%)

205/450 (46%)
154/450 34%)
91/450 (20%)
217/450 (48%)

288/450 (64%)
59/450 (13%)
103/450 (23%)
16/450 (4%)
18/450 (4%)
0.335[0.221]
24/453 (5%)
15/453 (3%)
10/453 2%)

¢cMRCP
325/450% (72%)
1.624 [1.005]
40/450 (9%)

215/450 (48%)
144/450 (32%)
91/450 (20%)

221/450 (49%)

274/450 (61%)
58/450 (13%)
118/450 (26%)
29/450 (6%)
19/450 (4%)
0.332 [0.209]
26/453 (6%)
20/453 (4%)
18/453 (4%)

*Reader 3 scored 3 patients as not having any cysts, therefore the number of cysts assessed by 3 readers

were 450 and not 453

**Perivascular soft tissue is defined as soft tissue surrounding the main peripancreatic vessels, which are
celiac artery, common hepatic artery, superior mesenteric artery, splenic artery, main portal vein, superior

mesenteric vein, and splenic vein

@ Springer
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Table 4 Intra-reader agreement Variable

between the aMRCP and

c¢MRCP for each reader Single
Cyst size
Cyst growth
Cyst location
Unilocular
Thickened cyst wall

Mural nodule
Duct caliber
Duct abrupt transition

Solid pancreatic mass away from cyst

Perivascular soft tissue

Communication with pancreatic duct

0.49 (0.33-0.65)
0.93 (0.90-0.95)
0.71 (0.55-0.87)
0.79 (0.67-0.90)
0.72 (0.56-0.88)
0.33(0.17-0.49)
0.41 (0.25-0.57)
0.90 (0.86-0.92)
0.83 (0.67-0.99)
0.85 (0.69-1.01)
0.79 (0.63-0.95)
0.37 (0.22-0.52)

1.00 (0.84-1.16)
0.99 (0.99-0.99)
1.00 (0.84-1.16)
0.99 (0.87-1.11)
0.77 (0.61-0.93)

0.09 (- 0.07-0.25)

1.00 (0.84-1.16)
0.97 (0.96-0.98)
0.92 (0.76-1.08)
0.49 (0.33-0.65)
0.27 (0.11-0.43)
0.86 (0.73-0.99)

1.00 (0.84-1.16)
0.99 (0.99-1.00)
1.00 (0.84-1.16)
0.97 (0.85-1.09)
1.00 (0.84-1.16)

*

0.66 (0.50-0.82)
sk

1.00 (0.84-1.16)
0.92 (0.76-1.08)
1.00 (0.84-1.16)
1.00 (0.89-1.11)

Continuous variables were assessed based on the ICC (95% CI) and categorical variables were assessed

using Fleiss’ kappa

*For thickened cyst wall, reader 3 did not observe any cyst wall thickening on both aMRCP and cMRCP.
Therefore, Fleiss” kappa could not be computed

**For duct caliber, due to a lack of variation between aMRCP and cMRCP, the ICC for reader 3 could not

be estimated

agreement for cyst communication with the main pancre-
atic duct (kappa=0.86, 1.00), one reader had fair agreement
(kappa=0.37).

There was also almost perfect intra-reader agreement for
abrupt duct transition (kappa=0.83—1.00). Two readers had
almost perfect intra-reader agreement for identification of a
solid mass separate from the dominant PCL (kappa=0.85
and 0.92), however 1 reader had moderate intra-reader
agreement (kappa=0.49). Mural nodule had moderate to
almost perfect intra-reader agreement (kappa=0.41, 0.66,
1.00). Thickened cyst wall had no to fair intra-reader agree-
ment (kappa=0.09-0.33).

Inter-reader agreement for aMRCP and cMRCP

Tables 5 shows inter-reader agreement for PCL evalua-
tion. There was strong inter-reader agreement for cyst size
(ICC=0.86 and 0.83 for aMRCP and cMRCP, respectively)
and pancreatic duct caliber (ICC=0.80 for aMRCP and 0.82
for cMRCP). There was moderate inter-reader agreement for
cyst growth (kappa=0.59 for aMRCP and 0.52 for cMRCP).
There was no to slight inter-reader agreement for cyst com-
munication with the main pancreatic duct (kappa=0.17 for
aMRCP and kappa=0.13 for cMRCP).

There was no to slight inter-reader agreement for thick-
ened cyst wall (kappa=0.17 for aMRCP and 0.03 for
c¢cMRCP) and mural nodule (kappa=0.14 for aMRCP and
0.19 for cMRCP). There was substantial and moderate
inter-reader agreement for solid mass separate from the
PCL (kappa=0.74 for aMRCP and 0.59 for cMRCP). There
was almost perfect and substantial inter-reader agreement
for abrupt duct transition (kappa=0.84 for aMRCP and

@ Springer

Table 5 Inter-reader agreement between aMRCP and cMRCP

Variable aMRCP cMRCP

Single 0.64 (0.55-0.73) 0.54 (0.45-0.63)
Cyst size 0.86 (0.82-0.89) 0.83 (0.78-0.87)
Cyst growth 0.59 (0.49-0.68) 0.52(0.42-0.61)

Cyst location 0.64 (0.57-0.71) 0.69 (0.62-0.76)
0.53 (0.44-0.62) 0.53 (0.44-0.62)
0.17 (0.08-0.26) 0.03 (-0.07-0.12)
0.14 (0.05-0.24) 0.19 (0.10-0.28)
0.80 (0.71-0.86) 0.82 (0.72-0.89)
0.84 (0.74-0.93) 0.69 (0.60-0.78)

0.74 (0.65-0.83) 0.59 (0.49-0.68)

Unilocular

Thickened cyst wall

Mural nodule

Duct caliber

Duct abrupt transition

Solid pancreatic mass away
from cyst

Perivascular soft tissue 0.60 (0.50-0.69) 0.49 (0.40-0.58)

Communication with pancreatic 0.17 (0.10-0.24) 0.13 (0.06-0.20)
duct

Continuous variables were assessed based on the ICC (95% CI) and
categorical variables were assessed using Fleiss” kappa

kappa=0.69 for cMRCP). Table 5 summarizes inter-reader
agreement for aMRCP and cMRCP.

aMRCP and cMRCP detection of PCL derived
malignancy and concomitant pancreatic cancer

For PCL derived malignancy, the sensitivity on aMRCP
ranged from 0/6 (0%) to 3/6 (50%), with an overall sen-
sitivity of 4/18 (22%). The sensitivity on cMRCP ranged
from 1/6 (17%) to 2/6 (33%), with an overall sensitivity
of 4/18 (22%) for all 3 readers. Specificity was 94% for
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cMRCP and 95% for aMRCP. Figure 2 illustrates an exam-
ple of PCL derived malignancy that was missed by all 3
readers.

For concomitant pancreatic cancer, sensitivity on
aMRCP ranged from 5/7 (71%) to 7/7 (100%), with an
overall sensitivity of 18/21 (86%) amongst all 3 readers.
The sensitivity on cMRCP was 100% for all 3 readers.
Specificity was 98% at both cMRCP and aMRCP (98%).
Figure 3 demonstrates a concomitant pancreatic cancer
that was detected by all 3 readers based on abrupt main
pancreatic duct caliber change.

Discussion

Our study evaluated intra- and inter-reader agreement
between a simulated abbreviated and a comprehensive
MRI in risk categorization of PCLs on surveillance MRI
and detection of concomitant pancreatic cancer. There
was overall strong to almost perfect intra- and inter-
reader agreement for cyst size and pancreatic duct caliber
amongst all readers and on both cMRCP and aMRCP in
our study. This was expected as pancreatic cysts and the

Fig.2 A 74-year-old woman presented for PCL surveillance. a Axial
Half-Fourier-Acquired Single-shot Turbo Spin Echo (HASTE), b
Axial contrast-enhanced T1 fat-suppressed and ¢ MRI thick slab
images demonstrate a 1.9 cm dominant pancreatic head cyst (arrow)
without worrisome features or high-risk stigmata by 3 readers, stable

from prior MRI. Original radiology report measured two adjacent
cysts as a 3.2 cm conglomerate cyst, with the cyst size a worrisome
feature. This led to endoscopic ultrasound and fine-needle aspiration
which showed atypical cells. Patient underwent Whipple resection.
Pathology yielded high-grade dysplasia without invasive component

@ Springer
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Fig.3 64-year-old woman with known concomitant pancreatic can-
cer. a Axial HASTE and b MRI thick slab images show minimal
main pancreatic duct dilation to 4 mm (solid arrow) with abrupt
caliber transition at the pancreatic neck, where there was a subse-
quently biopsy proven 2.5 cm pancreatic ductal adenocarcinoma.
Note several small pancreatic cysts (dashed arrows), away from the
cancer. All 3 readers found secondary signs of concomitant pancre-

main pancreatic duct are most conspicuous on T2-weighted
sequences, which are the workhorse sequences radiologists
rely upon for measurements, as also recommended by the
Society of Abdominal Radiology guidelines [19]. PCLs are
typically measured on either axial or coronal T2-weighted
sequences (HASTE and MRI), which are available on both
c¢cMRCP and aMRCP. This finding is also consistent with
prior literature [20, 21].

However, in our study there was no to slight intra- and
inter-reader agreement for assessing thickened cyst wall by
both aMRCP and cMRCP, which is an important qualita-
tive “worrisome feature” for categorizing a PCL as high-
risk. For mural nodule (due to lack of contrast enhanced
sequences, mural nodule on aMRCP corresponds with both
enhancing and non-enhancing mural nodule for cMRCP),
another important high-risk imaging feature, there was no
to slight inter-reader agreement at both aMRCP and cMRCP.
Interestingly, intra-reader agreement ranged from moder-
ate to almost perfect for mural nodule. The identification
of these high-risk imaging features is important, as these
PCLs should undergo subsequent endoscopic ultrasound
and fine-needle aspiration, or surgery. The lack of intra-
and inter-reader agreement for these findings is not unex-
pected, as these features are highly subjective. The absence
of intra- and inter-reader agreement in our study for “thick-
ened cyst wall” is in accordance with a prior study published
by Kang et al., who reported this feature having the lowest
inter-reader agreement on both aMRCP and cMRCP, with

@ Springer

atic cancer which are main pancreatic duct dilation (ranging from
0.6 to 0.7 cm) and abrupt main pancreatic duct caliber transition on
aMRCP and cMRCP. For the dominant concurrent pancreatic cystic
lesion away from the mass, 1 reader described a 1 cm dominant cyst
in the head, 1 reader described a 1.3 cm cyst in the body, and 1 reader
described a 1.4 cm cyst in the tail

a kappa values of 0.13 and 0.10, respectively [22]. This is
probably because there is no standard definition for cyst wall
thickening. The Society of Abdominal Radiology IPMN dis-
ease focused panel now recommends >3 mm or anything
more than “thin and imperceptible” wall as a threshold for
thickened cyst wall [19]. Our study had lower mural nodule
detection compared with prior studies, which may stem from
the following: First, we had a small cohort of pathologically
proven PCL derived malignancy (6 patients), however this
more closely reflects the real world experience of PCL sur-
veillance where the incidence of malignancy arising from a
PCL is 1.8 to 4.3% at 5 years [3—-6] and therefore very low.
Secondly, the majority of our PCL derived malignancy (4/6)
harbored only high-grade dysplasia without invasive com-
ponent. A recent study evaluating diagnostic performance
of Fukuoka guideline also found sub-optimal sensitivity for
detection of high-grade dysplasia and invasive carcinoma
arising from PCL with a sensitivity of 40% in a group of
high-risk individuals [23].

Signs of concomitant pancreatic cancer detection include:
finding a mass separate from a cyst, abrupt main pancre-
atic duct caliber transition, and perivascular soft tissue. The
finding of duct abrupt transition had the highest intra- and
inter-reader agreement (Kappa=0.83-1, and 0.69-0.8,
respectively). This is expected as MRI has superb conspi-
cuity for pancreatic duct visualization, and abrupt pancre-
atic duct transition/cut-off has been shown to be the most
reproducible and specific secondary sign of PDAC [24-26].
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Sensitivity for concomitant pancreatic cancer detection was
slightly higher on cMRCP compared with aMRCP for 2 out
of 3 readers, although our sample size was too small to sta-
tistically compare these.

Another important feature that lacked inter-reader agree-
ment was duct communication. This is also not surprising
as thin MRI sequences are susceptible to motion artifact
and duct communication can be difficult to accurately assess
on T1- and T2-weighted sequences due to thick slice thick-
ness. It is surprising that cyst morphology (unilocular versus
multilocular) also had somewhat low intra- and inter-reader
agreement, possibly due to difficulty ascertaining if adjacent
small cysts should be considered a conglomerate multi-locu-
lated cyst or separately as several unilocular cysts. This can
potentially play a role in diagnosing PCL subtypes and may
impact cyst risk stratification based on size (cyst size >3 cm
is a worrisome feature) as illustrated on Fig. 2.

Prior abbreviated MRI research studies are also retro-
spective in design and extracted a few sequences from the
comprehensive MRI [20, 22, 27, 28], with Pozzi-Mucelli
et al. using an ultrashort protocol consisting of only axial
and coronal HASTE as well as pre-contrast T1 weighted
sequences [20]. Macari et al. was the first to investigate this
concept, and found that the administration of intravenous
contrast would essentially make no difference in 56 patients
with cyst follow up recommendation between 2 readers [27].
No pathology was incorporated in this study. Nougaret et al.
found similarly low 4.6% disagreement between abbreviated
and comprehensive MRI, with the abbreviated protocol over-
calling 8 cases that had potential mural nodules that were
noted to be not concerning on post contrast sequences. Of
their cohort of 301 patients, 32 had cysts that enlarged, 4
developed mural nodules and one developed a mural nodule
without cyst size change. These 5 cases with mural nod-
ules were the only ones found to harbor malignancy, and
the remainder were presumed to be benign. Both the Macari
and Nougaret studies focused on pancreatic cysts but did
not assess pancreatic ducts, as both studies were performed
before the ACR 2017 White Paper and revised 2017 IAP/
Fukuoka guideline [11, 13]. Pozzi-Mucelli et al. was the
only study that did not include the MRI sequence. This study
focused on comparing cyst size and duct diameter between
the standard comprehensive and a simulated ultrashort pro-
tocol. Their 154-patient cohort included pre-operative MRI,
surveillance MRI and post-operative MRI, with 1 case of
BD-IPMN with synchronous PDAC and 1 case of mixed
type IPMN with synchronous PDAC. The remaining IPMNs
were mostly mixed-type, although there was no mention of
associated malignancy [20].

In contrary, Kang et al. followed 123 patients with 156
PCLs and included a large number of pathologically proven
malignant lesions (n=33). This study reported substan-
tial inter-reader agreement on abbreviated MRI for mural

nodules, cyst size, and main pancreatic duct dilation. In
addition, there was 100% per-lesion and per-patient sensitiv-
ity for detecting malignant IPMNs on abbreviated MRI, and
specificity of 49.6 and 36.7% [22]. Similar to Nougaret, no
malignant cystic lesions were missed by aMRCP, although
there were false positive cases. Additionally, Kang et al.
included main duct and mixed type IPMNs (n=52). This
group assumed that a cyst with 2-year stability was benign.
Similarly, of the 235 patients that Yoo et al. included in
their study, 195 were BD-IPMN (83%), and with 40 being
(17%) main duct or mixed type IPMN and they used 2-year
stability to classify that 85% of their cases were benign [21].
However, it is known that cysts often require much longer
than 2 years for malignant transformation, which explains
why life-long cyst surveillance is endorsed by the majority
of societal consensus guidelines.

Our study differs from these prior studies in that it is pre-
dominately comprised of small pancreatic cysts and only 1
mixed type IPMN. The median cyst and duct caliber are 1.4
and 0.3 cm, respectively. Studies have shown that there is a
small but real risk of malignancy development from these
PCLs, however several new publications have noted that the
overall risk is very small for PCLs smaller than 1.5 cm and
that long-term surveillance may be excessive and unnec-
essary [5, 29]. Our study illustrates no to slight intra and
inter-reader agreement for an important high-risk feature:
thickened cyst wall, with both cMRCP and aMRCP. Simi-
larly, there was no to slight inter-reader agreement for mural
nodule with cMRCP and aMRCP, another high-risk imaging
feature. However, this finding must be carefully considered
in the context of the small number of PCL derived malig-
nancy. In addition, although there was a small sample size
of malignant lesions, fewer malignant lesions were identified
with abbreviated than comprehensive MRI in our study.

Limitations include that this is a retrospective, single-
center study. Additionally, there are a small number of surgi-
cally resected malignant IPMNs and concomitant PDACs.
However, this reflects the typical daily clinical workflow
where most PCLs are of low risk based on radiology assess-
ment. Finally, there is not pathologic proof of benignity for
all pancreatic cysts, as this would not occur in clinical prac-
tice. To overcome this possibility, we ensured at least 5 years
clinical or imaging follow-up for patients included in our
study.

In conclusion, there was strong intra- and inter-reader
agreement for pancreatic cyst features at aMRCP that relied
on T2 weighted sequences such as cyst size, growth, main
pancreatic duct caliber and abrupt duct transition. How-
ever, both aMRCP and cMRCP had no to slight agreement
for important imaging features of cyst wall thickening and
mural nodule, with comparable sensitivity for detecting
PCL-derived malignancy. cMRCP showed trends towards
increased concomitant PDAC detection compared with
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aMRCP. However, it is important to note the limitations of
the study, particularly the small number of PCL-derived
malignancy, most of which consisted of high-grade dys-
plasia without invasive carcinoma, and the small number
of PCL concomitant PDAC. Future large-scale and ideally
prospective studies are needed to assess whether an abbrevi-
ated protocol can be potentially more appropriate for select
patients before formal societal recommendations are revised.
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