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Abstract
Purpose The purpose of this study was to clarify whether there are differences in imaging findings between pancreatic epider-
moid cyst (EDC) without a solid component (residual splenic tissue) and mucinous cystic neoplasm (MCN).
Materials and Methods The study group consisted of histologically proven EDC (eight cases) andMCN (20 cases). CTandMRI
findings were compared on the following imaging findings: the shape of the cystic lesions and the presence or absence of septum,
calcification, and high-intensity fluid on T1- and diffusion-weighted images (b factor = 1000). The degree of contact with the
pancreatic tail was compared between the EDCs and six of the MCNs at the edge of the pancreatic tail.
Results The EDCs were round (n = 3) or oval (n = 5), while the MCNs consisted of three round, five oval, six pear-like, and six
multilobulated lesions (P < 0.05). Septumwas present in 4 of 8 (50%) EDCs and 19 of 20 (95%)MCNs (P < 0.05). The presence
of calcification (2 of 8 [25%] EDCs vs. 8 of 20 [40%] MCNs), high-intensity fluid on T1-weighted images (2 of 7 [29%] EDCs
vs. 5 of 20 [25%] MCNs), and high-intensity fluid on diffusion-weighted images (5 of 7 [71%] EDCs vs. 5 of 20 [25%] MCNs)
were not significantly different. The degree of contact with the pancreatic parenchyma was similar between the two types of
lesions.
Conclusion Although the imaging findings for EDC without a solid component and MCN overlap, a pear-like or multilobulated
shape may favor a diagnosis of MCN.
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Introduction

Pancreatic epidermoid cyst (EDC) is a rare non-neoplastic true
cyst of the pancreas. Because the pancreatic EDC originates

from an intrapancreatic accessory spleen, EDC presents as a
cystic lesion at the edge of the pancreatic tail [1].

The radiological diagnosis of pancreatic EDC may be ren-
dered if residual splenic tissue can be recognized, showing
imaging characteristics similar to the normal spleen (i.e., sim-
ilar attenuation, signal intensity, or enhancement pattern)
[2–5]. In addition, superparamagnetic iron oxide (SPIO)-en-
hanced MRI can confirm the presence of residual splenic tis-
sue [6].

Through our clinical experiences, however, it is not always
possible to suggest the presence of residual splenic tissue on
imaging findings, especially when EDC presents as a
completely cystic mass without a solid component. If residual
splenic tissue cannot be recognized, radiological differential
diagnosis of EDC vs. mucinous cystic neoplasm (MCN) is
challenging [7, 8]. In addition, both EDC and MCN may
present with an elevated serum carbohydrate antigen 19-9
(CA19-9) level [9–11]. Cyst fluid analysis from endoscopic
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ultrasound (EUS) may show high CA19-9 and CEA, which
may cause erroneous diagnosis of mucinous neoplasms, and
EUS-guided fine needle aspiration for EDC may be occasion-
ally non-specific, revealing macrophages and scattered small
lymphocytes [12]. It is important to distinguish MCN from
EDC for clinical management, because surgical resection
should be considered for MCN [13].

The purpose of this study was to clarify whether there are
differences in imaging findings between pancreatic EDC
without a solid component (radiologically apparent residual
splenic tissue) and MCN.

Materials and Methods

Patient Population

Between August 2000 and September 2010, a computerized
search of the institutional radiology database, clinical records,

and pathology reports found 8 cases of pancreatic epidermoid
cyst (EDC) from 2 institutions, and 20 cases of mucinous
cystic neoplasm (MCN) from 1 institution, all of whom had
undergone surgical resection and preoperative imaging studies
including CT (n = 28) and MRI (n = 27).

In the pancreatic EDC group (n = 8), all eight patients were
female. The ages ranged from 26 to 70 years (mean ± standard
deviation [SD] 46 ± 16 years old). The size of the lesions
ranged from 2.0 to 6.6 cm (mean ± SD 4.1 ± 1.7 cm). All
lesions were noted at the edge of the pancreatic tail. A solid
component was not recognized in any of these eight cases
based on either imaging or macroscopic findings.

In the pancreatic MCN group (n = 20), there were 19 fe-
male patients and 1 male patient. The ages ranged from 17 to
76 years (mean ± SD 43 ± 15 years old). The size of the le-
sions ranged from 2.5 to 9.1 cm (mean ± SD 5.2 ± 1.8 cm).
MCN was noted in the pancreatic body (n = 9) or tail (n = 11).
In addition, six cases were seen at the edge of the pancreatic
tail.

Table 1 MDCT protocols
MDCT IV contrast

material
Volume injection

rate
PPP PV EP Section thickness

4-Channel
(3-phase)

350 or 370
mgI/mLa

100 mL 2.5 mL/s 45 s 70 s 240 s 3 mm

4-Channel
(2-phase)

300 mgI/mLb 100 mL 2.5 mL/s NA 70 s 240 s 5 mm

4-Channel
(unenhanced)

NA NA NA NA NA NA 5 mm

64-Channel
(3-phase)

350 or 370
mgI/mL

NA 3.3 mL/s 35 s 60 s 60 s 1 and 3 mm

MDCT multidetector-row computed tomography, IV intravenous, PPP pancreatic parenchymal phase, PV portal
venous phase, EP equilibrium phase, NA not applicable
a Three hundred seventy milligrams or 350 mg I/mL IV contrast material: iopamidol, Iopamiron 370, Bayer
Schering Pharma, Japan; or iohexol, Omnipaque 350, Daiichi Sankyo, Japan
b Three hundred milligrams of iodine per milliliter of IV contrast material: iopamidol, Iopamiron 300, Bayer
Schering Pharma, Japan

Table 2 MRI protocols
Unenhanced
images

T2WI T1WI MRCP DWI

Axial SSTSE
with FS

Axial TSE with
FS

Axial GRE
with FS

A x i a l d u a l
echo GRE

Axial and coronal
2D-MRCP

Coronal 3D-MRCP

MIP images (2D and
3D)

Single-shot EPI

MPG pulses: 3 axes

b factor = 0, 500, 1000 s/mm2

CE study Arterial phase Portal phase Late portal phase Equilibrium
phase

Post-contrast

Test injection
method

Arterial phase
+ 30 s

90 s 240 s Axial or
coronal

T2WI T2-weighted image, T1WI T1-weighted image, MRCP magnet ic resonance (MR)
cholangiopancreatography, DWI diffusion-weighted image, SSTSE single-shot turbo spin echo, FS fat saturation,
GRE gradient echo, D dimensional, MIP maximum intensity projection, EPI echo planar image, MPG motion-
probing gradient, CE contrast-enhanced
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There were no significant differences in the mean age of the
patients (P = 0.680) or the mean size of the lesions (P = 0.162)
between pancreatic EDC and MCN.

Imaging Technique

CT and MRI scan units and protocols were various because
the patients were recruited over a long period of time
(10 years). CT and MRI protocols are summarized in
Tables 1 and 2.

CT studies were performed in all of the 28 patients using a
4-channel (Aquilion, Toshiba, Japan [n = 10], or Volume
Zoom, Siemens, Germany [n = 3]) or 64-channel (Aquilion,
Toshiba, Japan [n = 15]) multidetector-row CT (MDCT). MRI
studies were performed in 27 cases using a 1.5-T (Intera
Achieva, Philips, Netherlands [n = 12], MAGNETOM
Symphony [n = 6], Vision [n = 4], Avanto [n = 1], Siemens,
Germany) or a 3-T (Intera Achieva, Philips, Netherlands
[n = 4]) MR unit.

All patients with pancreatic EDC (n = 8) underwent three-
phase contrast-enhanced (CE) dynamic MDCT. MRI includ-
ing diffusion-weighted images was also performed in seven
cases. CE-MRI was performed in six cases, and CE-dynamic
MRI was available in four cases.

Among the patients with pancreatic MCN (n = 20), 19
underwent CE two-phase (n = 1) or three-phase (n = 18)
MDCT, and the remaining patient underwent unenhanced

CT. MRI including diffusion-weighted images was performed
in all 20 patients. CE-MRI was performed in 19 cases, and
CE-dynamic MRI was available in 9 cases.

For SiemensMR scanners (n = 11), diffusion-weighted im-
ages (DWI) were obtained while the patients held their breath,
and a fat-saturated pulse was used to exclude severe chemical
shift artifacts. For Philips MR scanners (n = 16), DWI were
obtained by the respiratory gating technique, and spectral
presaturation inversion recovery was utilized.

CE (gadopentetate dimeglumine: Magnevist Syringe,
Bayer Schering Pharma, Japan) three-dimensional dynamic
MRI studies were performed in 13 cases at an injection rate
of 2.0 cm3/s. In addition, post-contrast axial or coronal T1-
weighted gradient echo (GRE) images (T1WI) with fat satu-
ration were available in 25 cases.

Imaging Analysis

Two experienced abdominal imaging radiologists who were
blinded to the final diagnosis randomly reviewed 28 MDCT
and 27 MRI studies in a consensus fashion.

The signal intensity of the cyst wall was subjectively
assessed on T2-weighted images (T2WI). One of the re-
viewers measured the thickness of the cyst wall in the equi-
librium phase of CE-CT. The reviewer selected two portions
where the cyst wall appeared thickest and thinnest, and mag-
nified the image on a computer workstation. When measuring
the thinnest portion, the reviewer avoided the portion where
wall enhancement was invisible. Each measurement was per-
formed twice, and the average data were recorded. For this
measurement, one EDC that was not stored in the computer
workstation and one MCN that had undergone unenhanced
CTwere excluded.

The shape of the cystic lesions was classified into the follow-
ing four types: round, oval, pear-like, andmultilobulated (Fig. 1).
When evaluating the shape, the reviewer utilized not only axial
images but also coronal MR cholangiopancreatography
(MRCP), coronal post-contrast T1WI when available, and
MPR images from MDCT. In two MCN cases, MDCT studies
were performed with a 5-mm section thickness. MPR images
from MDCT were not utilized for these two cases, but coronal
MRCP was available for review.

The presence or absence of calcification was assessed
based on CT. The presence or absence of septumwas assessed
based on CE-MDCT/MRI and axial/coronal MRCP.

The signal intensity of cyst fluid was assessed by T1WI and
high b factor (b = 1000) DWI. When cyst fluid showed high
intensity, the reviewers recorded the data. The apparent diffu-
sion coefficient (ADC) was not compared because MRI units
were various.

The degree of contact with the pancreatic parenchyma was
compared between all EDC cases (n = 8) and six of the MCN
cases at the edge of the pancreatic tail. For this evaluation, the

Table 3 The shape of pancreatic epidermoid cyst (EDC) and mucinous
cystic neoplasm (MCN)

Round Oval Pear-like Multilobulated

EDC 3 5 0 0

MCN 3 5 6 6

EDC showed a round or oval shape, and a pear-like or multilobulated
shape was seen only in MCN (P < 0.05, Kruskal-Wallis test)
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Fig. 1 Schematic drawing of the shape of the cystic lesions



degree of contact with the pancreatic parenchyma was catego-
rized as follows: less than one third of the cyst margin, more
than one third but less than half of the cyst margin, and more
than half of the cyst margin. In addition, if the cystic lesion
abutted on the spleen, the reviewers recorded the data.

Statistical Analysis

The thickness of the cyst wall of the pancreatic EDC and
MCN was compared by Student’s or Welch’s t test. The shape
of the cystic lesions was compared using the Kruskal-Wallis

Table 4 Comparison between
pancreatic epidermoid cyst (EDC)
and mucinous cystic neoplasm
(MCN)

EDC MCN P value

Septum 4 (50%) 19 (95%) < 0.05a

Multiple septa (shape) 1 (oval) 8 (oval 1, pear-like 1, multilobulated 6b)

One or a few septa (shape) 3 (round 1, oval 2) 11 (round 2, oval 4, pear-like 5)

Calcification 2 (25%) 8 (40%) n.s.

High-intensity fluid on T1WI 2 (29%) 3 (15%) n.s.

High-intensity fluid on DWI 5 (71%) 5 (25%) n.s.

a There was a significant difference in the presence or absence of septum between pancreatic EDC and MCN
b Septum is seen in 95% of MCNs, and six of eight MCNs with multiple septa showed a lobulated shape. There
were no significant differences in the presence or absence of calcification, high-intensity fluid on T1-weighted
images (T1WI), or high-intensity fluid on high b value (b = 1000) diffusion-weighted images (DWI)
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Fig. 2 A 35-year-old female with
pancreatic epidermoid cyst
(EDC). a The arterial phase of the
axial contrast-enhanced (CE)
dynamic T1-weighted gradient
echo (GRE) with fat saturation
(FS) image shows a well-
circumscribed unilocular cystic
mass at the edge of the pancreatic
tail (arrow). b The equilibrium
phase of the axial CE dynamic
T1-weighted GRE with FS image
shows the delayed enhancement
of the cyst wall (arrow). c Axial
T2-weighted single-shot turbo
spin-echo (TSE) with FS image
shows low intensity of the cyst
wall (arrow). d Coronal oblique
reformatted image obtained from
the portal venous phase shows a
well-circumscribed round-shaped
cystic mass at the edge of the
pancreatic tail (arrow). e
Macroscopic view. The resected
specimen after formalin fixation
shows a small amount of splenic
tissue within the cyst wall
(arrow). f A microscopic view
(hematoxylin-eosin stain × 12.5)
from the resected specimen shows
that the cyst wall consists of
abundant fibrosis (F) and residual
splenic tissue (arrow). AC
indicates pancreatic acinar tissue
of the pancreatic parenchyma



test. The presence or absence of high-intensity fluid, calcifi-
cation, and septum was compared by Fisher’s exact test. A P
value of less than 0.05 was considered statistically significant.

Results

The results are summarized in Tables 3 and 4.
In our series, there was no solid component in either pan-

creatic epidermoid cyst (EDC) or mucinous cystic neoplasm
(MCN). The cyst wall showed low intensity relative to the
normal spleen on T2WI (Fig. 2), and a high-intensity compo-
nent within the cyst wall was not observed on diffusion-
weighted images in either EDC or MCN cases. In addition,
contrast enhancement of the cyst wall could be most clearly
appreciated in the equilibrium phase of contrast-enhanced CT/
MRI (Fig. 2). The thickest measured portion of the cyst wall of
EDC ranged from 1.8 to 3.8 mm (mean ± standard deviation
[SD] 2.4 ± 0.7 mm), and that of MCN ranged from 1.3 to 3.8
(mean ± SD 2.3 ± 0.7 mm) (P = 0.812). In contrast, the thin-
nest measured portion of the cyst wall of EDC ranging from
1.3 to 2.3 mm (mean ± SD 1.6 ± 0.4 mm), and that of MCN

ranged from 0.8 to 1.5 (mean ± SD 1.1 ± 0.2 mm) (P = 0.008,
Welch’s t test).

In the patients with EDC (n = 8), the lesions were round
(n = 3) (Fig. 1) or oval (n = 5) (Fig. 3). Among the 20 cases of
pancreatic MCN, 3 lesions were round, 5 oval, 6 pear-like
(Fig. 4), and 6 multilobulated (Fig. 5). There was a significant
difference in the shape of the cystic lesions between the EDCs
and MCNs (P = 0.00281). Septum was seen in 4 of 8 (50%)
EDCs, while it was seen in 19 of 20 (95%) MCNs (P =
0.0148). Three of four EDCs showed one or only a few septa
peripherally, and the remaining EDC had multiple septa (Fig.
3). In addition, all of the six MCNs with a lobulated shape had
multiple septa (Fig. 5).

If the diagnostic criterion of MCN was set as pear-like/
multilobulated shape and the presence of septum, the sensitiv-
ity, specificity, positive predictive value, and negative predic-
tive value were 60, 100, 100, and 50%, respectively. If it was
set as either pear-like/multilobulated shape or the presence of
septum, the sensitivity, specificity, positive predictive value,
and negative predictive value were 95, 50, 82.6, and 80%,
respectively.

There were no significant differences in the presence of
calcification (2 of 8 [25%] EDCs vs. 8 of 20 [40%] MCNs,
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Fig. 3 A 70-year-old female with
EDC with multiple septa. a The
portal venous phase of axial CT
shows an oval-shaped cystic mass
with multiple septa (arrow). b
Axial T1-weighted GRE image
shows the high-intensity fluid in
the cystic lesion (arrow). c Axial
diffusion-weighted image (b
factor = 1000) shows the high
intensity of the lesion (arrow). d
Macroscopic view of the resected
specimen shows multiple septa
within the cystic lesion. No solid
component suggestive of splenic
tissue is seen

Fig. 4 A 23-year-old female with mucinous cystic neoplasm (MCN)
showing a pear-like shape. a The portal venous phase of axial CT
shows a well-circumscribed cystic mass with wall enhancement at the
tail of the pancreas. There are a few septa (arrows) peripherally. b Axial

T2-weighted TSE with FS image shows the low intensity of the cyst wall
(arrow). The findings of axial images (a, b) mimic EDC (see Fig. 2a–c). c
Coronal T2-weighted MR cholangiopancreatography (MRCP)
demonstrates the pear-like shape of the cystic lesion (arrow)



P = 0.669), high-intensity fluid on T1WI (2 of 7 [29%] EDCs
vs. 3 of 20 [15%]MCNs, P = 0.580), or high-intensity fluid on
diffusion-weighted images (5 of 7 [71%] EDCs vs. 5 of 20
[25%] MCNs, P = 0.0647).

The degree of contact with the pancreatic parenchyma was
similar between EDC and MCN at the edge of the pancreatic
tail (n = 6). In EDCs, five of eight lesions abutted on the pan-
creatic parenchyma by less than one third of the cyst margin,
and three did so by less than half. InMCNs, four of six lesions
abutted on the pancreatic parenchyma by less than one third of
the cyst margin, and two did so by less than half. In addition,
seven of eight (87.5%) EDCs abutted on the spleen (Fig. 3).
Similarly, five of six (83.3%) MCNs abutted on the spleen.

Discussion

Patients with mucinous cystic neoplasm (MCN) are exclusive-
ly female (98.1%) with a mean age of 48 years [13].
Pancreatic epidermoid cyst (EDC) is seen mostly in the fourth
decade, but the male and female ratio is 1:1 [1]. All of the eight
EDC cases in our series were female patients, which may
reflect that the differential diagnosis of EDC vs. MCN is clin-
ically problematic, especially when splenic tissue cannot be
recognized on imaging findings. In our series, both EDC and
MCN presented as a relatively thick-walled cyst with low
signal intensity on T2WI and delayed enhancement,
representing fibrous tissue within the cyst wall (Fig. 2). Since
the signal intensity of the cyst wall of EDCwas low on T2WI, it
would be difficult to confirm the presence of splenic tissue
within the cyst wall even with superparamagnetic iron oxide
(SPIO)-enhanced MRI.

Bertolotto et al. [14] described that accessory spleen ap-
pears round with a smooth margin, while splenosis shows a

lobulated margin. Similarly, an intrapancreatic accessory
spleen presents as a well-circumscribed round mass [15].
Since EDC originates from an intrapancreatic accessory
spleen, the shape of EDC would follow that of an accessory
spleen, which may explain why EDCs tend to appear round or
oval with a smooth margin.

The cyst wall (i.e., wall enhancement) could be recognized
in both EDC and MCN. However, the thickness of the cyst
wall was uneven and the thinnest portion was more prominent
in MCN than EDC. This observation may explain why a con-
tour deformity was seen in MCN, showing a pear-like or
multilobulated shape (Figs. 4 and 5). For example, the rela-
tively thinner portion of a cyst wall may tend to expand out-
ward or to be compressed by surrounding structures. In addi-
tion, multiple septa may contribute to the lobulated shape of
MCN.

For the differential diagnosis of EDC vs. MCN at the edge
of the pancreatic tail, the first step is to look for the presence of
residual splenic tissue. If residual splenic tissue is apparent, it
is not necessary to evaluate the shape because EDC may not
present with a round or oval shape. When residual splenic
tissue cannot be appreciated, the key for the differential diag-
nosis between EDC and MCN would be the shape of the
cystic lesions. If a cystic lesion presents with a multilobulated
or pear-like margin, it is more likely MCN rather than EDC.
When evaluating the shape, it is desirable to utilize
multiplanar reformatted (MPR) images (Figs. 2 and 4). Since
both EDC andMCNmay contain high levels of proteinaceous
fluid or blood products, the presence of high-intensity fluid on
T1- and diffusion-weighted images may not be helpful for the
differential diagnosis (Figs. 3 and 5).

There were several limitations to this study. First, this study
was retrospective and there existed a selection bias. Second,
the study group was small because pancreatic EDC is
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Fig. 5 A 39-year-old female with
MCN showing a multilobulated
shape. a The equilibrium phase of
axial CE-CTshows a multilocular
cystic mass at the edge of the
pancreatic tail. Wall enhancement
is visible (large arrows).
However, the cyst wall is invisible
in some portions (small arrows). b
A maximum intensity projection
(MIP) image of MRCP clearly
shows the lobulated contour of
the cystic lesion (arrow). c An
axial diffusion-weighted image (b
factor = 1000) shows the high
intensity of the lesion (arrow). In
this case, fluid-fluid levels owing
to hemorrhage were seen on T1-
weighted and T2-weighted
images (not shown)



uncommon and surgical resection is not usually indicated for
EDC if the presence of splenic tissue is confirmed on imaging
studies. Third, it has been reported that EDC is more often
multilocular than unilocular [1]. Thus, endoscopic ultrasound
may have more clearly demonstrated septa in EDC. Fourth,
the shape patterns of cystic lesions were determined subjec-
tively, and the observation might not be consistent in each
reader. Therefore, we should have performed independent
reading first, and then assessed the concordance between the
two readers using kappa statistics. Finally, we have to admit
that it is difficult to distinguish EDC from MCN if a cystic
lesion at the edge of the pancreatic tail presents as a round or
oval shape with septa (Fig. 2).

In conclusion, although imaging findings for EDC without
a solid component (residual splenic tissue) and MCN overlap,
a pear-like or multilobulated shape may favor the diagnosis of
MCN. In patients with a round or cystic oval lesion in the
pancreatic tail, epidermoid cyst should be included in the dif-
ferential diagnosis.
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