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Objectives: The preoperative diagnosis between serous cystadenomas (SCAs) and mucinous 

cystadenomas (MCAs) in pancreas is significant due to their completely different biological 

behaviors. The purpose of our study was to examine and compare detailed contrast-enhanced 

ultrasonography (CEUS) images of SCAs and MCAs and to determine whether there are sig-

nificant findings that can contribute to the discrimination between these two diseases.

Methods: From April 2015 to June 2016, 61 patients (35 patients with SCAs and 26 patients 

with MCAs) were enrolled in this study. Forty-three cases were confirmed by surgical pathology 

and 18 by comprehensive clinical diagnoses. All of the CEUS characteristics of these lesions 

were recorded: size, location, echogenicity, shape, wall characteristics, septa characteristics, 

and the presence of a honeycomb pattern or nodules. CEUS examinations were performed by 

two ultrasound physicians.

Results: Location (P=0.003), shape (P=0.000), thickness of the wall (P=0.005), the number of 

septa (P=0.001), and the honeycomb pattern (P=0.001) were statistically significantly different. 

A head–neck location, a lobulated shape, an inner regular honeycomb pattern, and a thin wall 

(,3 mm thick) were significant in diagnosing patients with SCAs. When two of these four 

findings were combined, we could achieve a sensitivity of 71.4% and a specificity of 80.8% 

to diagnose SCA; when three of these four findings were combined, the specificity was 100%. 

A body–tail location, a round/oval shape, 0–2 septa, and a thick wall ($3 mm thick) were most 

often detected in patients with MCAs. When two of these four findings were combined, we 

could achieve a sensitivity of 88.5% and a specificity of 65.7% to diagnose MCA; when three 

of these four findings were combined, the area under the curve (Az) was highest at 0.832, with 

a sensitivity of 80.8% and a specificity of 85.7%.

Conclusions: The characteristics of tumor location, shape, thickness of the wall, the number 

of septa, and the honeycomb pattern by CEUS play an important role in the diagnosis of SCAs 

and MCAs. A combination of these findings can provide better diagnostic performance in the 

discrimination of SCAs from MCAs.

Keywords: contrast-enhanced sonography, ultrasound, pancreatic cystic tumor, serous cysta-

denoma, mucinous cystadenoma, diagnosis

Introduction
Cystic pancreatic lesions (CPLs) have been discovered more frequently due to a large 

number of high-quality cross-sectional imaging examinations. A radiologist could 

detect a CPL anywhere from 1 to 2 or 14 to 20 times per 100 patients with computed 
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tomography (CT) or magnetic resonance imaging (MRI) 

examinations.1 In some institutions, the detection of a CPL 

has been a daily occurrence, with detection rates of ~25% 

during an autopsy.2 The common CPLs include pancreatic 

pseudocysts (PPSs), serous cystadenomas (SCAs), mucinous 

cystadenomas (MCAs), mucinous cystcarcinomas, intraduc-

tal papillary mucinous neoplasms (IPMNs), and solid pseudo-

papillary neoplasms, which are relatively less common.3,4 The 

old data suggest that pseudocysts, pancreatic nonneoplasms, 

are the most common CPLs, accounting for 75%–90% of 

cases,4,5 whereas the recent data reveal that pseudocysts drop 

to ~30%, and the cystic pancreatic neoplasms (CPNs) account 

for up to 60% of all CPLs.6 Among the CPNs, SCAs account 

for 16%–39%7–9 and MCAs represent 10%–50%.4,7

SCAs and MCAs are the most common types of CPNs 

but exhibit completely different biological behaviors. 

Although malignant serous cystadenocarcinomas have 

been reported,10 SCA is generally considered to be a benign 

lesion, and asymptomatic SCAs could be safely monitored 

during follow-up visits for many years. An MCA is an 

acknowledged neoplasm that could be malignant and should 

be surgically resected.5 The latest American Gastroentero-

logical Association guidelines list “size” as a surgical refer-

ence criteria, asymptomatic patients with small size lesions 

can be followed-up and do not recommend surgery for all 

patients with MCA.4 However, an increase in cyst size was 

not found to predict malignancy, and specific guidelines as to 

when surgery should be considered has not been provided.11 

Thus, the ability to distinguish between SCAs and MCAs is 

of great importance.

Conventional ultrasonography (US) is a widely avail-

able imaging modality with good diagnostic performance 

in the detection of CPLs.12 However, a US image is not 

adequate for the differentiation of types of CPLs due to its 

limited resolution.13 The development of contrast-enhanced 

ultrasonography (CEUS) has greatly increased the diagnostic 

capabilities of US and been used to better characterize CPLs 

already visible with US.14,15 A series of studies has described 

different features of SCAs and MCAs discernible with CT 

and MRI.11,16–18 However, the studies about CEUS that have 

demonstrated the advantages of different aspects of diagnos-

ing CPLs with CEUS have not discussed detailed imaging 

differences between these two diseases.19–23 Therefore, the 

purpose of our study was to examine the detailed appear-

ance of SCA and MCA on CEUS images and to determine 

whether there are significant findings that can contribute to 

the discrimination of these two diseases.

Materials and methods
This was a single-center multi-disciplinary prospective study. 

The ethics committee at the General Hospital of the Chinese 

People’s Liberation Army approved this prospective study.

Patients
Undetermined pancreatic cystic lesions detected by conven-

tional ultrasound or contrast-enhanced CT (CE-CT)/contrast-

enhanced MRI (CE-MRI) were prospectively included in 

our study. Patients were enrolled after signing an informed 

consent form before receiving the CEUS examinations. The 

exclusion criteria were as follows: patients were allergic to 

the intravenous contrast agent and the ultrasonic image had 

inadequate quality or was lack of precision because of out-

of-plane movements. Patients with acute pancreatitis were 

also excluded.

From April 2015 to June 2016, 61 patients (48 women 

and 13 men; mean age 46.9±14.5 years; 16–76 years) 

were finally evaluated for the presence of a pancreatic 

cystadenoma. Of these patients, 43 cases (22 SCA and 21 

MCA) were confirmed by surgical pathology and 18 cases 

(13 SCA and 5 MCA) were identified with a comprehensive 

clinical evaluation. All of the 18 patients with clinical diag-

noses had been evaluated with contrast-enhanced CE-CT 

and CE-MRI less than a week before the CEUS examina-

tion and underwent endoscopic ultrasonography (EUS) with 

EUS-guided fine needle aspiration after the CEUS exami-

nation. The standards and results for these comprehensive 

diagnoses were as follows: 11 patients with lesions received 

a consensus diagnosis (8 SCA and 3 MCA) based on the 

results of .3 imaging methods (CE-CT, CE-MRI, EUS, 

and CEUS); among the remaining 7 patients with lesions 

diagnosed as cystic adenomas, cyst fluid analysis demon-

strated that 5 lesions had a very low CEA level (0.2, 0.2, 0.3, 

0.4, and 1.6 ng/mL) and these patients were diagnosed as 

having SCA. Three lesions had the “string sign” and a high 

CEA level (535, 722, and 900 ng/mL) and were diagnosed 

as MCA.24 In all, there was a total of 35 patients with SCA 

and 26 patients with MCA.

ceUs examination
Patients fasted for at least 8 h before the examination. The 

ultrasound instrument used was Sequoia 512 (Siemens 

Ultrasound, Mountain View, CA, USA) equipped with a 

1–4 MHz 4 V1 vector transducer, in which a contrast pulse 

sequence software program was installed, and the mechanical 

index was ,0.12. The pancreatic lesion was first scanned by 
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conventional US with an optimized instrument setting; if the 

lesion was determined to be obscure, the patient was told to 

drink 800–1,000 mL of water and then the CEUS examination 

was performed using SonoVue (Bracco, Milan, Italy), a sulfur 

hexafluoride contrast agent. A bolus of 2.4 mL of contrast 

agent (5 mg/mL) was injected via a 20 gauge cannula into the 

antecubital vein, followed by a flush of 5 mL of physiologic 

saline solution. A second dose of contrast agent was needed 

when the lesion was too small or when a suspicious septum or 

nodules were present. After the examination of the pancreatic 

lesion for 2 min, the entire liver was thoroughly checked. All 

of the CEUS examinations were performed by two ultrasound 

physicians with .20 years (Prof XY) and .10 years (Dr FL) 

of experience with CEUS diagnoses, who were blinded to 

CT and MRI results and aware of our study design.

imaging analysis
All of the CEUS characteristics of the CPNs were recorded: 

size (the longest axis); location (head–neck or body–tail); 

echogenicity (anechoic and mix-echoic); shape (round/oval, 

lobulated, and irregular); characteristics of the wall (thickness 

and enhancement pattern of the wall), the largest thickness 

of the wall was considered thin if it was ,3 mm thick and 

thick if it was 3 mm or thicker, and subjective visual criteria 

were used to judge if there was wall enhancement during the 

phase; characteristics of septa (thickness and the number 

of septa), and the cut-off value of the largest thickness was 

2 mm; honeycomb pattern (positive/negative); and nodule 

(positive/negative). All of the data were recorded immedi-

ately after the examination.

statistical analysis
Differences in numbers between the two diseases were com-

pared by using the Fisher’s exact test or chi-square test. The 

relative sensitivity, specificity, and area under the receiver 

operating characteristic curves (Az) of the CEUS criteria 

were calculated to compare the diagnostic performance of the 

techniques. A two-tailed P-value of ,0.05 was considered to 

indicate a significant difference. All of the data were analyzed 

by using the Statistical Package for the Social Sciences 17.0 

software package (SPSS, Chicago, IL, USA).

Results
Patient information
The clinical characteristics of the 61 patients enrolled in 

this study are summarized in Table 1. A total of 27/35 

patients with SCAs were female with an age of 47.89±15.58 

(range: 16–76) years; four lesions were detected because of 

abdominal pain, two were detected due to abdominal dis-

tension, and 29 patients had no symptoms. A total of 21/26 

patients with MCAs were female with an age of 45.46±13.18 

(range: 19–67) years; six lesions were discovered because 

of abdominal pain, three were detected due to abdominal 

distension, one of the patients had nausea, and 16 had no 

symptoms. There were no significant differences in gender, 

age, or symptoms between the two groups. However, a 

difference in the “positive/negative symptom” parameter 

approached statistical significance (P=0.061).

imaging characteristics
The comparisons of the image characteristics between SCAs 

and MCAs observed with CEUS are listed in Table 2.

SCAs (n=35) exhibited the widest range in size 

(16–122 mm) with a mean size of 44.1 mm. The cysts were 

detected in a head–neck location in 16/35 patients with SCA 

(Figure 1), and in a body–tail location in 19/35 patients with 

SCA (Figure 2). A total of 23/35 of SCAs were anechoic, 

and 12/35 were mix-echoic (Figures 1 and 2). A round/oval 

shape was evident in 7/35 of the cases, a lobulated shape was 

detected in 14/35 patients (Figure 2), and an irregular shape 

was apparent in 14/35 patients (Figure 1). Thin walls were 

detected in 26/35 of SCAs (Figures 1 and 2) and thick walls 

(Figure 1) were detected in 9/35 cases. A hyper-enhancement 

pattern of the wall was discovered in 25/35 SCAs (Figures 1 

and 2), whereas an iso-/hypo-enhancement pattern of the 

wall was present in 10/35 cases (Figure 1). Concerning the 

characteristics of septa, thin septa were found in 15/35 of 

the SCAs (Figure 1) and thick septa were present in 4/35 of 

Table 1 clinical characteristics of 61 patients

Clinical 
characteristics

Serious 
cystadenoma 
(n=35)

Mucinous 
cystadenoma 
(n=26)

P-value

gender 0.732
Male 8 5
Female 27 21

age 0.205
Mean ± sD (range) 47.89±15.58 

(16–76)
45.46±13.18 
(19–67)

symptoms 0.202
abdominal pain 4 6
abdominal distention 2 3
nausea 0 1
negative symptom 29 16

Note: P-values were calculated by using the Fisher’s exact test or chi-square test.
Abbreviation: sD, standard deviation.
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cases (Figures 1 and 2). Zero to two septa were present in 

10/35 cases (Figure 1), and .2 septa were detected in 25/35 

cases (Figures 1 and 2). There were 11/35 cases that displayed 

the classical honeycomb pattern (Figure 1). Two of 35 cases 

of SCAs exhibited nodules.

MCAs (n=26) ranged in size from 19.2 to 85.1 mm with 

a mean size of 52.3 mm. The cyst was located in the head–

neck region in 6/26 patients, and in the body–tail region in 

20/26 patients (Figures 2 and 3). A total of 21/26 MCAs were 

anechoic (Figures 2 and 3), 5/26 were mix-echoic. A round/

oval shape was found in 19/26 of the cases (Figure 2), a 

lobulated shape was apparent in 1/26 patients and an irregular 

shape was found in 6/26 patients (Figure 3). Thin walls were 

detected in 10/26 of MCAs and thick walls were apparent in 

16/26 cases (Figures 2 and 3). A hyper-enhancement pattern 

of the wall was discovered in 21/26 MCAs (Figures 2 and 3), 

and an iso-/hypo-enhancement pattern of the wall was evident 

in 5/26 cases. Regarding the septa, thin septa were present in 

6/14 cases (Figure 3), and thick septa were present in 8/14; 

0–2 septa occurred in 19/26 patients (Figure 3), and .2 septa 

were detected in 7/26 cases. Nodules were displayed in 2/26 

MCAs (Figure 3).

There was a statistically significant difference in the 

following criteria between these two diseases: location 

(P=0.003), shape (P=0.000), thickness of the wall (P=0.005), 

number of septa (P=0.001), and honeycomb pattern 

(P=0.001). The differences in the other features did not reach 

statistical significance.

Findings combination
Table 3 summarizes the sensitivity, specificity, and Az values 

of the different criteria that were statistically significant in 

Table 2. Head/neck location, lobulated shape (P=0.003), 

honeycomb pattern, and thin wall (,3 mm) were findings 

that were independently specific for SCA. Among them, the 

lobulated shape and the honeycomb pattern had the highest 

specificities with 96.2% (25/26) and 100% (26/26), respec-

tively, although the Az values were similar (0.613–0.679). 

When two of these four findings were combined, we could 

identify 25 SCAs and 21 MCAs with a sensitivity of 71.4% 

(25/35), a specificity of 80.8% (21/26), and an Az value 

of 0.76 for the diagnosis of SCA; when three of these four 

findings were combined, a specificity of 100% (26/26) was 

achieved and the Az value was 0.771. When four of the CEUS 

findings were combined, there was no diagnostic signifi-

cance (Az =0.500; Figure 4). The body/tail location, round/

oval shape (P=0.000), 0–2 septa, thick wall ($3 mm) were 

findings independently specific for MCA. Body/tail location 

had the highest sensitivity of 76.9% (20/26), and the round/

oval shape had the highest specificity of 80% (28/35) with 

an Az value of 0.765. When two of these four findings were 

combined, we could identify 12 SCAs and 23 MCAs with a 

sensitivity of 88.5% (23/26), a specificity of 65.7% (23/35), 

and an Az value of 0.771 to diagnose MCA. When three of 

these four findings were combined, the Az value was highest 

at 0.832, with a sensitivity of 80.8% (21/26) and a specificity 

of 85.7% (30/35); when 4 of the CEUS findings were com-

bined, a specificity of 97.1% (34/35) was achieved and the 

Az value was 0.771 (Figure 5).

Discussion
Although they are the most common types of CPLs, SCAs, 

and MCAs exhibit distinctly different biological behaviors. 

Table 2 Parameters of lesions observed by contrast-enhanced 
ultrasonography

Parameters of lesions Serious 
cystadenoma

Mucinous 
cystadenoma

P-value

N=35 (%) N=26 (%)

size (mm) 0.205
Mean size ± sD, range 44.1±25.3, 

16.0–122.0
52.3±23.8, 
19.2–85.1

location 0.003
head–neck 16 (45.7) 6 (23.1)
Body–tail 19 (54.3) 20 (76.9)

echogenicity 0.226
anechoic 23 (65.7) 21 (80.8)
Mix-echoic 12 (34.3) 5 (19.2)

shape 0.000
round/oval 7 (20.0) 19 (73.1)
lobulated 14 (40.0) 1 (3.8)
irregular 14 (40.0) 6 (23.1)

Wall thickness 0.005
Thin (,3 mm) 26 (74.3) 10 (38.5)
Thick ($3 mm) 9 (25.7) 16 (61.5)

enhancement pattern 0.402
hyper-enhancement 25 (71.4) 21 (80.8)
iso-/hypo-enhancement 10 (25.6) 5 (19.2)

septa characteristics 
septa thickness 0.066

Thin (,2 mm) 15 (78.9) 6 (42.9)
Thick ($2 mm) 4 (21.1) 8 (57.1)

number of septa 0.001
0–2 septa 10 (28.6) 19 (73.1)
.2 septa 25 (40) 7 (19.2)

honeycomb pattern 0.001
Positive 11 (31.4) 0 (0)
negative 24 (68.6) 26 (100)

nodules 0.675
Positive 2 (5.7) 2 (7.7)
negative 33 (94.3) 24 (92.3)

Note: P-values were calculated by using the Fisher’s exact test or chi-square test.
Abbreviation: sD, standard deviation.
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Figure 1 serous cystadenoma diagnosed via surgical pathology from the pancreatic head in a 45-year-old man (A, B), and from the pancreatic head–neck in a 56-year-old 
woman (C, D).
Notes: (A) a Us image shows a mix-echoic mass (white arrow) 6.7 cm in diameter. (B) a ceUs image depicts a solid-cystic lesion with irregular shape (white arrow), 
a thick wall (3.0 mm) with enhancement (red arrow) and thick septa that constitute a honeycomb pattern (yellow arrow). (C) a Us image shows a mix-echoic mass (white 
arrow) 1.8 cm in diameter. (D) The ceUs image depicts a cystic lesion (white arrow) with irregular shape, a thin wall with iso/hypo-enhancement (red arrow) and one thin 
septum (yellow arrow).
Abbreviations: ceUs, contrast-enhanced ultrasonography; Us, ultrasonography.

SCAs are benign cystic tumors composed of cuboidal 

epithelium that produce serous fluid and require clinical 

follow-up, whereas MCAs are composed of columnar 

mucin-producing epithelium and require surgical resection 

due to the potential for malignancy.1,5 Once a CPL has been 

detected, an immediate and correct diagnosis is necessary to 

guide appropriate management.

Authors have reported that although the clinical, radio-

logic, and pathologic features of CPLs are well known, an 

accurate preoperative diagnosis remains difficult.25,26 CEUS 

can provide dynamic information concerning circulation in 

focal lesions and in normal parenchyma during a real-time 

examination. Although the applications of this technique 

in the pancreas are relatively new compared with the liver, 

a large number of papers about the usefulness of CEUS in 

the pancreas, including in the diagnosis of pancreatic cystic 

lesions, has been published. CEUS is generally acknowl-

edged to be able to detect the inner structure of the CPLs, 

such as septa, nodules, and clearer wall characteristics.14,15,18,27 

Many studies have demonstrated the superior performance of 

CEUS over conventional US for the diagnosis of CPLs,21 the 

usefulness of qualitative and quantitative CEUS analysis,19 

the substantial agreement with CECT,20,23 the value in char-

acterizing different pancreatic pathologies and the agreement 

with MRI images.22,28 Nevertheless, no study has discussed 

the detailed features of these two diseases and whether the 

features or their combinations were of any value in the dis-

crimination of SCAs and MCAs using CEUS.

In our study, the population of patients with SCA and 

MCA were primarily women of middle age, and positive 
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symptoms occurred in 17.1% (6/35) of patients with SCAs, 

and in 38.5% (10/26) of patients with MCAs, in accordance 

with a previous report.4

There were several CEUS imaging criteria that were 

significantly different between SCAs and MCAs that could 

be helpful in the diagnosis procedure: location, shape, the 

thickness of the wall (the cut-off value of the thickness was 

3 mm), the number of the septa, and the presence of a hon-

eycomb pattern.

In our study, most of the MCAs were body–tail cases, 

which was different from SCAs. The lobulated shape had 

a high specificity of 96.2%, and it had the same diagnos-

tic value as the honeycomb pattern, which accounted for 

31.4% of cases of SCA, higher than the 20% reported in the 

literature.3 Regarding septa, the 0–2 septa pattern, also called 

an “oligo-cystic pattern” was found in 28.6% of SCAs and in 

73.1% of MCAs, which led to great difficulty in differentiat-

ing between oligocystic SCA and MCA.1,15–17 The median 

wall of SCAs in this study was thinner compared to MCAs, 

as reported in other studies,17 and the cut-off value in this 

study was 3 mm. The following criteria were not statisti-

cally significantly different between SCAs and MCAs: size, 

echogenicity, enhancement pattern of the wall, nodules, and 

thickness of the septum (the cut-off value of the thickness 

was 2 mm). The different echogenicity characteristics are 

influenced by septa, a hemorrhage, mucin, and sometimes, 

when chambers are extremely small, the tumor may appear 

solid.21 The enhancement pattern of the wall assessed by 

objective judgment cannot be a useful criterion because a 

large number of the walls were hyper enhanced and some-

times the enhancement pattern was difficult to discern in thin 

walls. In this study, nodules were not significant features, 

Figure 2 serous cystadenoma diagnosed via surgical pathology from the pancreatic body–tail in a 42-year-old-woman (A, B), and a mucinous cystadenoma diagnosed via 
surgical pathology from the pancreatic tail in a 55-year-old woman (C, D).
Notes: (A) a Us image shows a mix-echoic mass (white arrow) 3.8 cm in diameter. (B) The ceUs image depicts a cystic lesion with lobulated margins (white arrow), a thin 
wall with hyper-enhancement (red arrow) and 3–4 thick septa (yellow arrow). (C) a Us image shows an anechoic mass (white arrow) sized 8.3 cm in diameter. (D) a ceUs 
image depicts a unilocular cystic lesion with round margins (white arrow), a thick wall (3.7 mm) with enhancement (red arrows), and there is no septum.
Abbreviations: ceUs, contrast-enhanced ultrasonography; Us, ultrasonography.
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Figure 3 a mucinous cystadenoma diagnosed via surgical pathology in a 45-year-old woman without symptoms.
Notes: (A) a Us image shows an anechoic mass with a hypoechoic attachment (white arrow) 4.2 cm in diameter in the pancreatic body–tail. (B) a Doppler image depicts 
no blood signal in the attachment (white arrow). (C) a ceUs image clearly displays the round margin, thick wall (3.5 mm) with enhancement (red arrow), and a nodule in 
the cyst (green arrow). The attachment is completely invisible. (D) a ceUs image shows a thin septum (yellow arrow) in the cyst.
Abbreviations: ceUs, contrast-enhanced ultrasonography; Us, ultrasonography.

Table 3 Sensitivity, specificity, and Az values for CEUS findings in the diagnosis of serous cystadenoma and mucinous cystadenoma

Criterion Sensitivity (%) Specificity (%) Az (95% CI)

serious cystadenoma
head–neck location 45.7 (16/35) 76.9 (20/26) 0.613 (0.408–0.735)
lobulated contour 40 (14/35) 96.2 (25/26) 0.681 (0.549–0.794)
honeycomb pattern 25.7 (9/35) 100 (26/26) 0.657 (0.524–0.774)
Thin wall (,3 mm) 74.3 (26/35) 57.7 (16/26) 0.679 (0.547–0.793)

Two of CEUS findings 71.4 (25/35) 80.8 (21/26) 0.761 (0.635–0.861)
Three of CEUS findings 54.3 (19/35) 100 (26/26) 0.771 (0.646–0.869)
Four of CEUS findings 0 (0/35) 100 (26/26) 0.500 (0.369–0.631)

Mucinous cystadenoma
Body–tail location 76.9 (20/26) 45.7 (16/35) 0.613 (0.480–0.735)
round/oval contour 73.1 (19/26) 80 (28/35) 0.765 (0.639–0.864)
0–2 septa 73.1 (19/26) 71.4 (25/35) 0.723 (0.593–0.830)
Thick wall ($3 mm) 57.7 (16/26) 74.3 (26/35) 0.708 (0.577–0.817)

Two of CEUS findings 88.5 (23/26) 65.7 (23/35) 0.771 (0.645–0.869)
Three of CEUS findings 80.8 (21/26) 85.7 (30/35) 0.832 (0.715–0.916)
Four of CEUS findings 26.9 (7/26) 97.1 (34/35) 0.620 (0.487–0.742)

Note: Data in parentheses of sensitivity and specificity columns are numbers of patients.
Abbreviations: Az, area under the curve; CEUS, contrast-enhanced ultrasonography; CI, confidence interval.
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regardless of the use of a 2 mm thickness or any other thick-

ness as the criterion. In our research, what is different from 

previous studies is that we evaluated various combinations 

of CEUS criterion that could contribute to the improvement 

of the diagnostic discrimination of these two diseases.

In previous reports,1,30,31 calcification was considered to 

occur more frequent in SCAs, however, in our study, calcifi-

cation was only found in two SCAs and in one MCA, which 

might be due to our small population. In addition, one SCA 

and one MCA with a mild dilation of the pancreatic duct, 

and no cystadenomas that communicated with the pancreatic 

duct were detected in CEUS images.

In clinical practice, it is of vital importance to differen-

tiate SCAs and MCAs from other common cystic lesions, 

especially pseudocysts (PPSs) and IPMNs. As the most 

common type of CPL, PPs mostly form after inflammation, 

necrosis or hemorrhage related to pancreatitis or trauma 

and are enclosed by a wall with fibrous tissue absent in the 

epithelial cell lining. Unenhanced US usually shows a PPS 

as a round or oval anechoic lesion together with the features 

of acute and/or chronic pancreatitis.30 On a CEUS image, the 

intralesional debris and blood clots seen in a conventional 

US are completely invisible.15,28 Unfortunately, an overlap 

exists between the imaging features of CPNs and PPSs.3,5 

IPMNs, a research focus in recent years, can be divided into 

adenomas, borderline tumors, and intraductal carcinomas.5 

IPMNs can be classified as a main pancreatic duct type IPMN 

or a branch pancreatic duct type (BD-IPMN) with CEUS, 

and the diffuse pattern of pancreatic ductal dilatation or the 

segmental cystic appearance, especially the vegetations, can 

be more visible.3,31 IPMNs and PPSs occur more frequently in 

men than in women and occur more frequently in individuals 

with a history of pancreatitis.

The prospective design is one advantage of our research. 

US is different from other cross-sectional imaging modali-

ties; the imaging quality and quantity of US depends 

entirely on the operators. Therefore, a prospective study 

performed according to a set process influences the validity 

of the research.

Limitations
Several limitations should be emphasized. First, this study 

would have been more dependable if we had changed the 

subjective visual assessment of wall enhancement to an 

objective region-of-interest technique, which we will do 

in our next study. Second, 18 lesions in our study were not 

surgically resected but were diagnosed by comprehensive 

analysis, a combination of imaging diagnosis and cytologic 

findings. Among them, MCA sometimes was difficult to be 

Figure 4 graph depicts receiver operating characteristic curves of different crite-
rion in discriminating sca from Mca.
Notes: (aztwo of ceUs findings=0.761, azthree of ceUs findings=0.771, azfour of ceUs findings=0.500). 
Diagonal segments are produced by ties.
Abbreviations: az, area under the curve; ceUs, contrast-enhanced ultrasono-
graphy; Mca, mucinous cysta denoma; sca, serous cystadenoma.

Figure 5 The graph depicts the receiver operating characteristic curves of different 
criteria in the discrimination of Mca from sca.
Notes: (aztwo of ceUs findings=0.771, azthree of ceUs findings=0.832, azfour of ceUs findings=0.620). 
Diagonal segments are produced by ties.
Abbreviations: az, area under the curve; ceUs, contrast-enhanced ultrasono-
graphy; Mca, mucinous cysta denoma; sca, serous cystadenoma.

as all of the cases were benign and the thickened septa may 

be visualized as an inconspicuous nodule, and vice versa.29 

Regarding the septa thickness, studies indicate that the thick-

ness of the septa in SCAs is thinner than in MCAs,15 but no 

significant difference has been detected in septa thickness 
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differentiated from BD-IPMN, which also has a high CEA 

level in the fluid, and appears with a single cyst of the side 

branch, which is usually not easy to detect the communication 

with the branch duct. Third, the number of enrolled patients 

was small, and an additional study in a larger population 

with CEUS is warranted.

Conclusion
On the basis of the results of this study, a head–neck loca-

tion, a lobulated shape, a honeycomb pattern, and a thin wall 

(,3 mm thick) are significant features that can be used to 

diagnose SCAs. A body/tail location, a round/oval shape, the 

presence of 0–2 septa, and a thick wall ($3 mm) are most 

often detected in patients with MCAs. The discovery of a 

combination of CEUS findings can assist practitioners in the 

discrimination of SCAs from MCAs.
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