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Abstract

Purpose The imaging features of serous cystadenomas (SCAs) overlap with those of mucinous cystic neoplasms (MCNs) and
branch duct intraductal papillary mucinous neoplasms (BD-IPMNs), and an accurate preoperative diagnosis is important for
clinical treatment due to their different biological behaviors. The aim of this study was to provide a computed tomographic
(CT) feature for the diagnosis of SCAs and estimate whether the “circumvascular sign” can contribute to the discrimination
of SCAs from MCNs and BD-IPMN:ss.

Methods From August 2011 through December 2019, a total of 71 patients (30 patients with 30 SCAs, 21 patients with 21
MCNs and 20 patients with 22 BP-IPMNs) were enrolled in this study. All patients underwent CT examination and were
confirmed by surgical pathology. In addition to patient clinical information, CT features (e.g., location, shape) were evalu-
ated via CT.

Results Central scarring, central calcification and the circumvascular sign were found to be specific CT features for the
diagnosis of SCAs and their differential diagnosis from MCNs and BD-IPMNs. All three CT features had high specificity,
and both central scarring and central calcification had low sensitivity. When any one of these two features was combined
with the circumvascular sign, the sensitivity increased to 83.3%.

Conclusion Pancreatic cystic neoplasms that show central scarring, central calcification or the circumvascular sign on CT
could be diagnosed as SCAs. When either of the first two features is combined with the circumvascular sign, the diagnostic
sensitivity could be increased.

Keywords Serous cystadenoma - Mucinous cystic neoplasm - Branch duct intraductal papillary mucinous neoplasm -
Pancreatic cystic neoplasm - Computed tomography

Introduction
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Hai-ling Chen depends on their biological behaviors [1, 5, 6]. The three
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[8]. MCNs and IPMNs have been described as “mucin-
producing cysts” and have malignant potential; they should
therefore be treated with surgical resection [3—7]. Thus, it
is important to accurately diagnose SCAs from MCNs and
IPMNs preoperatively to administer the correct form of
treatment.

SCAs mainly occur in older women and classically appear
as lobulated, multilocular well-circumscribed masses that
contain central stellate scars and calcifications [4, 6-8]. The
accuracy of preoperative diagnosis is easy when SCAs have
these characteristic features. However, central scarring with
or without calcifications is seen in only 30% of cases [4, 5, 9,
10]. SCAs can have an oligocystic appearance, although this
represents less than 10% of cases, and thus may be mistaken
for MCNs [1, 5, 9—11]. Meanwhile, MCNs exclusively occur
in middle-aged women and usually have internal septa and
a multilocular appearance [5, 6]. In addition, branch duct
IPMNs (BP-IPMNs) also have a multilocular cystic appear-
ance and can mimic SCAs [12]. Unfortunately, the accuracy
of preoperative diagnosis has been reported to be relatively
low, ranging from 23.3% [2] to 78% [13], because SCAs can
demonstrate a wide spectrum of imaging appearances [8].

Image techniques play an important role in the detection
and diagnosis of PCNs. Ultrasonography is not an ideal
screening technique due to its relatively low sensitivity [7].
Endoscopic ultrasound is an invasive and operator-depend-
ent technique, with risk of complications such as pancreati-
tis, and is not well accepted by some patients [12]. Although
magnetic resonance imaging (MRI) can demonstrate septa
with greater sensitivity than computed tomography (CT),
it cannot detect tiny calcifications, and the image quality
is easily affected by respiratory motion artifacts [6, 7]. CT
remains the first-line imaging modality due to its more wide-
spread availability. In our clinical practice, we found some
abnormal arteries around SCAs on CT, which we called the
“circumvascular sign”. The aim of this study was to estimate
whether the “circumvascular sign” can contribute to the dis-
crimination of SCAs from MCNs and BP-IPMNs.

Materials and methods
Patients

This retrospective study was approved by the Ethics Admin-
istration Office of our hospital, and informed patient con-
sent was not required. From August 2011 through December
2019 at our hospital, the terms “serous cystadenomas of pan-
creas”, “mucinous cystadenomas of pancreas”, “mucinous
cystic carcinoma of pancreas”, and “intraductal papillary
mucinous neoplasms/tumor of pancreas” were searched
from electronic pathology records. Ninety-eight patients
were identified within the pathology records. However, 12

patients were excluded because their CT data could not be
found on or was incomplete in the picture archiving and
communication system (PACS). Fifteen additional patients
were excluded because of diagnosis of main duct or com-
bined-type IPMN. Finally, 71 patients (30 SCAs, 21 MCNs
and 20 BP-IPMNs) were included. The clinical data for these
patients were extracted from the electronic medical records,
including age, gender, symptoms and relevant laboratory
examination results (e.g., CA199, CEA). The maximal
serum reference values for the normal ranges for CA199
and CEA were <37 U/mL and < 10 ng/mL, respectively.

CT acquisition

Before the operation, all patients received contrast-enhanced
abdominal multiple CT examinations using a 16-slice or
64-slice LightSpeed VCT machine (GE Healthcare, Mil-
waukee, WI, USA) or a dual-source scanner (Flash, Sie-
mens Medical Solutions, Erlangen, Germany). All CT scans
were performed using the following parameters: 120 kVp,
200-280 mA s, matrix 512 x 512, pitch 0.8-1.0, section
thickness and section distance 5 mm. A total of 80—100 mL
of non-ionic contrast medium (Visipaque 320; GE Health-
care) was injected into the antecubital vein at a rate of 3
to 3.5 mL/s. The arterial phase, portal venous phase and
delayed phase were obtained 25-30 s, 50-60 s and 120 s,
respectively, after contrast medium injection. Subsequently,
all images were thinly sliced at a thickness of 0.625 mm and
transferred to commercial workstations (GE Healthcare and
Siemens Medical Solutions) to generate multiplanar refor-
mations (MPRs), curved planar reformations (CPRs), vol-
ume renderings (VRs) and maximum intensity projections
(MIPs).

CT image analysis

Two observers blinded to the clinical information and path-
ological diagnosis analyzed the CT images independently.
Dichotomous morphological variables included the location
of the PCN (head and neck or body and tail), border (clear or
fuzzy), shape (round or ovoid, or lobulated), capsule (thick
or shin), central scarring, calcification, main pancreatic duct
dilatation, solid component, and “circumvascular sign”. A
capsule was considered thick if it was more than 2 mm in
diameter and thin if it was 2 mm or less. The presence of cal-
cification was divided into central or other calcification. A
2 mm or greater of the main pancreatic duct was considered
dilatation. Solid component was defined as the presence of
solid tissues, such as mural nodules, except in the septum
and capsule. The “circumvascular sign” was defined as the
presence of some abnormal arteries surrounding the lesion
on arterial phase CT (Fig. 1). In addition, tumor size, tumor
patterns, and degree of enhancement were also recorded.

@ Springer



2774

Abdominal Radiology (2020) 45:2772-2778

Fig.1 A 32-year-old female diagnosed with serous cystadenoma.
Axial non-contrast-enhanced CT image (a) shows a fluid-density
lobulated lesion in the tail of the pancreas, calcifications in the
center and septa. Axial contrast-enhanced CT image (b) shows mul-

Based on the number of sacs, the tumor patterns were clas-
sified as multilocular microcystic, macrocystic (or oligo-
cystic), or mixed [10]. The degree of enhancement was clas-
sified into none or mild, moderate, and severe based on the
enhancement of the adjacent normal pancreatic parenchyma
and psoas major muscle at the three enhancement phases.
None or mild enhancement indicated that the enhancement
level of the tumor was less than that of the psoas major mus-
cle, moderate enhancement indicated that the enhancement
level of the tumor was between that of the psoas major mus-
cle and of the pancreatic parenchyma, and severe enhance-
ment meant that the enhancement level of the tumor was
higher than that of the pancreatic parenchyma. Continuous
data were calculated as average values, while any discrepan-
cies in categorical data were re-evaluated by a third reader
for subsequent statistical analyses.

Statistical analysis

Statistical analyses were performed by using SPSS soft-
ware (version 17.0; SPSS Chicago, IL, USA). Differences
in the clinical and CT characteristics between SCAs and
both MCNs and BP-IPMNs were compared by using the
Chi squared test for categorical variables. The continuous
variables were compared using paired sample ¢ tests. The
sensitivity and specificity values of the CT characteristics
were calculated. A p value <0.05 was considered to be sta-
tistically significant difference.

Results

All patients underwent lesion resection and were diagnosed
based on histopathologic examination. Seventy-three lesions
were identified in 71 patients, with 2 patients having 2 BP-
IPMNs each on both CT and the resection specimens. The
clinical information of the 71 patients is listed in Table 1.
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tiple septa dividing the lesion into multiple sacs and the density of
enhanced septa between the psoas major muscle and pancreatic
parenchyma. Maximum intensity projections image (c¢) shows some
abnormal arteries surrounding the lesion on arterial phase CT

As shown in Table 1, 30 patients had SCAs (7 males, 23
females), with an average age of 54.6 + 12.67 (range, 26-75)
years, 21 patients had MCNs (4 males, 17 females), with
an average age of 52.5+13.27 (range 25-77) years, and 20
patients had BP-IPMNs (16 males, 4 females), with an aver-
age age of 61.85+10.05 (range 42-84) years. Three SCAs,
6 MCNs and 8 BP-IPMNSs patients presented with abdomi-
nal pain, and no others were symptomatic. The remaining
lesions were found by chance. Laboratory examination
(CA199 and CEA) showed no abnormalities except in 2
patients who were diagnosed with borderline MCNs and pre-
sented with elevated CA199 levels of 46 U/mL and 78 U/mL
(normal: 0-37 U/mL). However, the CA199 level was not
elevated in 5 patients with mucinous cystadenocarcinomas.
The statistical analysis showed that patients with MCNs
were more likely to have symptoms (p =0.035) and more
males had BP-IPMNs (p < 0.001). There were no significant
differences in age or laboratory examination between SCAs
and either MCNs or BP-IPMNS.

A comparison of CT features between SCAs and both
MCNs and BP-IPMNss is shown in Table 2. In 18 of 30
SCAs, the lesions were located within the body/tail of the
pancreas, and the diameter ranged from 1.8 to 9.5 cm. Thir-
teen MCNs were located in the body/tail of the pancreas
versus eight lesions in the pancreatic head, and diameters
were ranged from 2.1 to 16.5 cm. Twenty BP-IPMNs were
located in the head/neck of the pancreas versus 2 lesions
in the pancreatic body, and diameters ranged from 1.7 to
7.1 cm.

All SCAs displayed a lobulated appearance, 25 lesions
showed a multilocular microcystic pattern, thin capsules
were found in all lesions, central scarring was shown in 11
lesions, central calcification was detected in only 7 lesions,
and 3 lesions has septa calcifications. Most MCNs were
rounded in shape and macrocystic, a thick capsule was
found in 9 lesions, and no central scarring or central calci-
fication was detected. All BP-IPMNs displayed a lobulated
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Table 1 Clin.ical characteristics SCAs (n=30) MCNSs (n=21) P, BP-IPMNS (n=20) P,
of the 71 patients
Sex 1.000 < 0.001
Male 7 (23.3%) 4(19%) 16 (80%)
Female 23 (76.7%) 17 (91%) 4 (20%)
Age (years) 54.6+12.67 52.5+13.27 0.516 61.9+10.05 0.103
Symptomatic 0.035 0.130
Positive 3 (10%) 8 (38.1%) 6 (30%)
Negative 27 (90%) 13 (61.9%) 14 (70%)
CA199 0.165 -
Positive 0 (0%) 2(9.5) 0 (0%)
Negative 30 (100%) 19 (90.5%) 20 (100%)
CEA - -
Positive 0 (0%) 0 (0%) 0(0%)
Negative 30 (100%) 21 (100%) 20 (100%)

SCAs serous cystadenomas, MCNs mucinous cystic neoplasms, BD-IPMNs branch duct intraductal papil-

lary mucinous neoplasms

appearance, and most demonstrated a multilocular micro-
cystic pattern, a thin capsule, and a lack of central scarring
or central calcification.

Solid components were rare and found in 2 SCAs. Most
SCAs showed no or mild enhancement, out of all SCAs, 23
lesions had circumvascular signs and 7 lesions were related
to the main pancreatic duct dilation. Solid components were
shown in 4 MCNs, and all of them were borderline MCNs
and mucinous cystadenocarcinomas. Most MCNs showed
moderately enhanced, none of the lesions had the circum-
vascular sign, and 7 lesions resulted in main pancreatic duct
dilation. Solid components were found in 5 BP-IPMNs, and
1 of them was malignant. Most BP-IPMNs showed no or
mild enhancement, no lesions showed the circumvascular
sign, and 19 lesions were associated with main pancreatic
duct dilation.

In terms of the morphological characteristics of the SCAs
and MCNs, there were statistically significant differences in
the shape and patterns of the tumors, central scarring, central
calcification, capsule, and circumvascular sign. Regarding
the CT features of the SCAs and BP-IPMNs, there were sta-
tistically significant differences in the tumor location, central
scarring, central calcification, main pancreatic duct dilation
and circumvascular sign. Only central scarring, central cal-
cification and the circumvascular sign were consistently
statistically significant in the differential diagnosis of SCAs
from MCNs and BP-IPMNS.

Table 3 shows the sensitivity and specificity of the cen-
tral scarring, central calcification and circumvascular sign.
The central scarring, central calcification and circumvas-
cular sign had high specificities, 97.7%, 100% and 100%,
respectively. However, the sensitivities of central scarring
and central calcification were low, 36.7% and 23.3%, respec-
tively. Only the circumvascular sign had moderate sensitivity

(76.7%). Combining the circumvascular sign with either of
the other features increased the sensitivity for the diagnosis
of SCAs to 83.3%.

The relationship between the circumvascular sign and
the enhancement degree of the SCAs is listed in Table 4.
There were no significant differences revealed by statistical
analysis.

Discussion

Pseudocysts represent approximately 90% of all cystic
pancreatic lesions [13]; most are related to pancreatitis or
trauma and are relatively simple to diagnose. SCAs, MCNs
and IPMNs are the most common types of PCNs, but they
exhibit distinctly different biological behaviors. SCAs are
benign, and most of them do not require surgical resection,
while MCNs and BP-IPMNss are recommended for surgical
resection due to their malignant potential [1-12]. In clini-
cal practice, once a PCN is detected, an accurate and fast
diagnosis is important for clinical treatment. SCAs are eas-
ily diagnose if the adenomas demonstrate typical imaging
features. However, the occurrence of classic CT features is
not high [8, 15]. Hence, an accurate preoperative diagnosis
remains difficult [14]. In this study, we found that central
scarring, central calcification and the circumvascular sign
were helpful in distinguishing between the three types of
PCNss.

Similar to MCNs, SCAs are diagnosed more frequently in
women approximately 50 years of age and are located in the
body/tail of the pancreas. The differences between the two
are a lobulated appearance, a multilocular microcystic pat-
tern, a thin capsule and central scarring with or without cen-
tral calcification, which is consistent with previous reports
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Table 2 CT features of the 73
pancreatic cystic neoplasms

Table 3 Sensitivity and
specificity for central scarring,
central calcification and
circumvascular sign

@ Springer

CT features SCAs (n=30) MCNs (n=21) P, BP-IPMNs (n=22) P,
Location 1.000 < 0.001
Head/neck 12 (40%) 8 (38.1%) 20 (90.9%)
Body/tail 18 (60%) 13 (61.9%) 2(9.1%)
Size (cm) 4.03+1.83 6.1+3.91 0.094 3.64+1.54 0.203
Border - -
Clear 30 (100%) 21 (100%) 22 (100%)
Fuzzy 0 (0%) 0 (0%) 0 (0%)
Shape
Round or ovoid 0 (0%) 17 (81%) <0.001 0 (0%) -
Lobulated 30 (100%) 4 (19%) 22 (100%)
Tumor patterns
Multilocular microcystic 25 (83.3%) 1(4.8%) <0.001 17 (77.3%) 0.438
Macrocystic or oligocystic 3 (10%) 19 (90.1%) <0.001 4(18.2%) 0.725
Mixed 2 (6.7%) 1(4.8%) 1.000 1(4.5%) 1.000
Capsule < 0.001 0.423
Thin 30 (100%) 12 (57.1%) 21 (95.5%)
Thick 0 (0%) 9 (42.9%) 14.5%)
Central scarring 0.009 < 0.001
Positive 11 (36.7%) 1 (4.8%) 0 (0%)
Negative 19 (63.3%) 20 (95.2%) 22 (100%)
Calcification
Negative 21 (70%) 15 (71.4%) 1.000 18 (81.8%) 0.518
Central calcification 7 (23.3%) 0 (0%) 0.033 0 (0%) 0.016
Other calcification 2 (6.6%) 6 (28.6%) 0.052 4 (18.2%) 0.382
Solid component 0.214 0.119
Positive 2 (6.7%) 4 (19%) 5(22.7%)
Negative 28 (93.3%) 17 (81%) 17 (77.3%)
Enhancement degree
None or mild 17 (56.7%) 6 (28.6%) 0.085 13 (59.1%) 1.000
Moderate 8 (26.7%) 14 (66.7%) 0.009 9 (40.9%) 0.372
Severe 5 (16.6%) 1(4.7%) 0.381 0 (0%) 0.065
Circumvascular sign < 0.001 < 0.001
Positive 23 (76.7%) 0 (0%) 0 (0%)
Negative 7 (23.3%) 21 (100%) 22 (100%)
Main pancreatic duct 0.529 <0.001%*
Dilated 7 (23.3%) 7 (33.3%) 19 (95%)
Normal 23 (76.7%) 14 (66.7%) 1 (5%)

SCAs serous cystadenomas, MCNs mucinous cystic neoplasms, BD-IPMNs branch duct intraductal papil-

lary mucinous neoplasms

*According to the number of patients

CT feature

Sensitivity (%)

Specificity (%)

Central scarring

Central calcification

Circumvascular sign

Central scarring and central calcification
Central scarring and circumvascular sign
Central calcification and circumvascular sign

Combined features

36.7 (11/30)
23.3 (7/30)
76.7 (23/30)
36.7 (11/30)
83.3% (25/30)
83.3% (25/30)
83.3% (25/30)

97.7 (42/43)
100 (43/43)
100 (43/43)
97.7 (42/43)
97.7 (42/43)
100 (43/43)
97.7 (42/43)
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T.able 4 Relation.ship between Circumvascular sign Enhancement degree p
circumvascular sign and
enhancement degree for SCAs No or mild (n=17) Moderate (n=28) Severe (n=5) 0.182
Positive (n=23) 11 (64.7%) 7 (87.5%) 5 (100%)
Negative (n=7) 6 (35.3%) 1(22.5%) 0 (0%)

SCAs serous cystadenomas

[4, 6-8, 10, 14, 15]. However, for BP-IPMN:Ss, these differen-
tial diagnostic features may not be applicable except central
scarring and central calcification. Central scarring with or
without calcification is thought to be a specific feature of
SCAs but is only seen in approximately 30% of cases [4, 6,
8, 10]. One report showed that central scarring was seen in
less than 20% of SCAs and without calcification [7]. In this
study, central scarring was observed in 36.7% of SCAs and
63.6% of these SCAs with central calcification. The differ-
ence in the occurrence of central scarring with central cal-
cification may be related to the sample selection. Although
the specificity of central scarring and central calcification
in the diagnosis of SCAs was high, the sensitivity was low.

The circumvascular sign, which we defined as abnormal
arterial vessels surrounding the lesion, had moderate sen-
sitivity and high specificity in the diagnosis of SCAs. We
hypothesize that the formation of the circumvascular sign
may be related to the blood supply to the tumor. Previous
studies have reported that the solid component, central scar-
ring and thin septations show a rich blood supply on arterial
phase images [6, 10, 16]. In this study, 2 cases showed solid
components, were obviously enhancement and had circum-
vascular signs. However, 10 lesions with mild enhancement
also showed the circumvascular sign. We found that the pres-
ence of the circumvascular sign was independent of tumor
enhancement degree.

Zhong et al. [5] reported that a head/neck location,
lobulated shape, thin wall and septa greater than 2 were
significant in diagnosing patients with SCAs. When two
of these four findings were combined, the sensitivity and
specificity for the diagnosis of SCAs were 80.6% and
84.2%, respectively. Sun et al. [17] indicated that a head/
neck location, lobulated shape, thin wall (<3 mm), and
inner regular honeycomb pattern were specific imaging
features for the diagnosis of SCAs. When any two features
were combined, the sensitivity and specificity were 71.4%
and 80.8%, respectively, and when any three features were
combined, the specificity reached 100%. However, these
studies were solely concerned with the difference between
SCAs and MCNs. Features such as a head/neck location,
lobulated shape and thin wall cannot be used to identify
SCAs from BP-IPMNs. In this study, we found that the
circumvascular sign played an important role in the diag-
nosis of SCAs among the three tumors (SCAs, MCNs and
BP-IPMNs). Once central scarring or central calcification

was combined with circumvascular sign, the diagnosis
sensitivity and specificity for SCAs can be increased to
83.3% and 97.7% or 100%, respectively.

Limitations

There were several limitations of in the current study. First,
this is a retrospective study with a small sample size; pseu-
docysts, solid pseudopapillary tumors and cystic forms of
solid tumors were not included in this study. A multicenter
study with a large sample size is necessary in the future.
Second, all of our lesions were surgically removed and
confirmed by pathology. Some cases with typical features
were not treated surgically and were excluded from this
study, which may have lead to selection bias. Third, many
lesions were found by chance, and we did not perform a
pancreatic parenchymal phase scan. This may have lead to
an increased incidence of the circumvascular sign. Fourth,
a disadvantage of CT is that compared with MRI, it has
a lower soft tissue resolution and a potentially inferior
ability to recognize internal septa, which may have led to
a mistake in determining the tumor patterns. Finally, we
used three different CT scanners, which may have affected
our judgement, although the effect was small.

Conclusions

In conclusion, this study showed that central scarring, cen-
tral calcification and the circumvascular sign were able
to distinguish SCAs from MCNs and BP-IPMNs. When
either central scarring or central calcification was com-
bined with the circumvascular sign, the sensitivity for the
diagnosis of SCAs increased. The circumvascular sign
may be a novel diagnostic and differential diagnostic sign
for SCAs.
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