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Purpose: This study was conducted to determine which factors influence the ability of 
abdominal ultrasonography (US) to detect focal pancreatic lesions identified using endoscopic 
ultrasonography (EUS).
Methods: In this study, 338 consecutive patients with focal pancreatic lesions (cyst, n=253; 
adenocarcinoma, n=54; pancreatic neuroendocrine tumor, n=24; solid pseudopapillary 
neoplasm, n=4; intrapancreatic accessory spleen, n=1; metastasis, n=1; and lymphoma, n=1) 
detected by EUS who underwent US were enrolled. We reviewed their radiologic reports and 
assessed the presence or absence of a focal lesion, the multiplicity of the lesions, and their size 
and location on US. We evaluated how these parameters differed depending on whether the 
lesion was solid or cystic. Univariate and multivariate logistic regression analysis were performed.
Results: The overall detection rate of focal pancreatic lesions by US was 61.5% (208 of 338). 
Using US, the detection rate of cystic lesions was 58.5% (148 of 253), while that of solid 
lesions was 70.6% (60 of 85). In the univariate analysis, location in the neck or body, solid 
characteristics, and a relatively large size (15.50±10.08 mm vs. 23.09±12.93 mm) were 
associated with a significantly higher detection rate (P<0.001, P=0.047, and P<0.001, 
respectively). In the multivariate analysis, location in the neck or body (odds ratio [OR], 3.238; 
95% confidence interval [CI], 1.926 to 5.443; P<0.001) and size (OR, 1.070; 95% CI, 1.044 to 
1.096; P<0.001) were proven to be significant predictors of detectability (P<0.001). 
Conclusion: US is useful for detecting focal pancreatic lesions, especially when they are located 
in the neck or body and are relatively large.
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Introduction

The number of incidentally discovered pancreatic lesions has 
increased with advances in the resolution of cross-sectional imaging. 
The prevalence of incidental pancreatic cystic lesions has been 
reported to be up to 2.6% using computed tomography (CT) and up 
to 20% using magnetic resonance imaging (MRI) [1-5]. Although 
the majority of pancreatic cystic lesions are considered to be 
premalignant, the current guidelines suggest follow-up of pancreatic 
cysts, especially for cysts smaller than 3 cm [6]. However, the 
malignancy risk of cystic lesions less than 3 cm was reported to be 
1% to 3% [7,8], and it is also known that patients with pancreatic 
cysts are at an increased risk of pancreatic cancer elsewhere in 
the pancreas [9,10]. Pancreatic cancer is by far the most common 
primary solid tumor of the pancreas, and it remains one of the 
leading causes of cancer-related death, with a dismal prognosis [11].

Conventional abdominal ultrasonography (US) is the imaging 
modality of choice for the first-line evaluation of a patient with 
abdominal disease. US has the advantages of noninvasiveness, cost-
effectiveness, wide availability, and easy accessibility. However, US 
has limitations for the pancreas due to its poor sonic window, which 
results from the deep retroperitoneal location of the pancreas, as 
well as disruption of the transmission of US waves by bowel gas. 
The pancreas may also be difficult to visualize depending on the 
patient’s body habitus, and visualizing the pancreas depends heavily 
on the operator’s skill. For this reason, the diagnostic performance 
of US for detecting pancreatic focal lesions has been reported to 
be lower than that of other imaging modalities, including CT, MRI, 
and endoscopic US (EUS), although only a few reports have been 
published regarding pancreatic lesion evaluation using US [12-
15]. The technical success of US obviously depends on the skill and 
perseverance of the examiner [16]. Furthermore, factors related 
to the patient or the lesion itself can also affect the results of US. 
However, to the best of our knowledge, few studies have sought to 
identify the factors affecting the diagnostic performance of US for 
pancreatic focal lesions, and no reports whatsoever have attempted 
to determine the most significant determinants. 

EUS is recognized as the best imaging modality for focal 
pancreatic solid or cystic lesions, and has been suggested to be 
valuable as a problem-solving tool due to its high spatial resolution 
[6,17,18]. In addition, the sensitivity of EUS for pancreatic tumors 
has been reported to be 90% to 100% [19,20]. Although it is 
widely used for its interventional advantages, such as for fine-needle 
aspiration cytology or biopsy, EUS is a more invasive technique 
than conventional US. In addition, if a pancreatic cystic lesion 
is well visualized on US, US could play an important role in the 
follow-up management of the lesion, potentially replacing other 

cross-sectional imaging modalities such as CT and MRI [21-23]. 
Therefore, the purpose of this study was to determine which factors 
influence the detectability of focal pancreatic lesions by US.

Materials and Methods

Patient Population
This retrospective study was approved by our institutional review 
board, and the requirement to obtain informed consent from 
patients was waived. We reviewed the medical, pathology, and 
radiology databases of our institution from January 2014 through 
September 2015, and we found 508 consecutive patients who 
visited our institution and underwent EUS under suspicion of a 
pancreatic abnormality based on previous CT or MRI findings. We 
excluded 120 of those patients who did not receive abdominal US, 
regardless of the temporal relationship between EUS and abdominal 
US. Fifty other patients were excluded for the following reasons: 
no pancreatic focal lesion other than pancreatitis (n=19), main 
pancreatic duct (MPD) dilatation without a focal lesion (n=17), 
peripancreatic fat invagination (n=9), normal EUS findings (n=4), 
and diffuse lymphoma (n=1). Finally, 338 consecutive patients 
(153 males and 185 females; mean age, 62.73 years; range, 15 to 
87 years; 253 with cystic lesions and 85 with solid lesions of the 
pancreas) were included in this study. When a patient had two or 
more lesions, the largest lesion was evaluated. The patients' age 
and multiplicity were used as qualitative parameters in analysis. 
Cystic lesions of the pancreas were defined as anechoic lesions 
with an imperceptibly thin wall and no solid nodule/component. 
Of the 253 cystic lesions, 39 lesions were pathologically confirmed 
through surgery (n=24) or biopsy (n=15) using US or EUS. The solid 
pancreatic lesions included adenocarcinoma (n=54), neuroendocrine 
tumor (n=24), solid pseudopapillary tumor (n=4), intrapancreatic 
accessory spleen (n=1), metastasis (n=1), and focal-type lymphoma 
(n=1). All of the solid lesions were pathologically confirmed by 
surgery or biopsy. The mean time interval between EUS and US 
was 6.58 months (range, 0 days to 26 months). Fig. 1 presents the 
flowchart of this study. 

EUS Examinations
For the EUS procedure, under conscious sedation with 3 to 5 mg of 
midazolam, patients were prepared with local pharyngeal anesthesia 
using a 2% lidocaine spray. The EUS examination was done by an 
gastroenterologist with more than 10 years of EUS experience, and 
the entire pancreas was assessed using a radial echoendoscope (GF-
UE 240, Olympus Co., Tokyo, Japan; Aloka SSD-alpha 10 Ultrasound 
System, Aloka Co., Ltd., Tokyo, Japan) with a 7.5 to 12 MHz rotating 
transducer (GF-UM2, -UM3, -UM20, Olympus Co.). The endoscope 
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was introduced in the left lateral decubitus position through the 
stomach and moved further down into the duodenal bulb or the 
second portion of the duodenum. The pancreas was assessed during 
this procedure. After the EUS examination, the final results were 
recorded in a structured reporting format.

Abdominal US Examinations
For abdominal US, it was necessary for all patients to fast for more 
than 6 hours in order to improve the visibility of the pancreas and to 
reduce the amount of bowel gas. US was performed using one of the 
following commercially available US units: Aplio XG (Toshiba Medical 
Systems, Otawara, Japan), Logiq 9 (GE Healthcare, Milwaukee, WI, 
USA), iU-22 (Philips Medical Systems, Bothell, WA, USA), ACUSON 
S2000 (Siemens Healthcare, Erlangen, Germany), or Aixplorer 
(Supersonic Imagine, Aix-en-Provence, France). For each patient, US 
was performed by one of the assigned radiologists with a range of 
2 to 35 years of clinical experience in abdominal US. Before starting 
the examination, we carefully reviewed each patient’s past clinical 

history, chief complaint, and previously obtained images. During 
the US procedure, the pancreas was carefully investigated through 
the subcostal approach with the patient in a supine position, using 
a convex, low-frequency transducer (bandwidth, 1.5-4.5 MHz) 
with and without harmonic imaging or color Doppler US. The US 
parameters were as follows: frequency, 4 MHz; gain, 27% to 33%; 
dynamic range, 69; and frame rate, 30 to 45 pictures per second. 
As part of a careful evaluation of the pancreas, we applied different 
scanning techniques, including transverse scanning and oblique 
scanning with breathing control and with suspended inspiration 
or expiration, changing the patient’s position to the supine and 
left decubitus positions. If required, we also used compression to 
displace bowel gas. Harmonic imaging was usually used. Color 
Doppler studies were also performed in most cases depending on 
the operator’s need to assess the vascularity of the pancreatic focal 
lesion. For evaluation of the pancreatic tail, we used the spleen as a 
sonic window through the left intercostal space. 

Fig. 1. Flow chart of study subjects. EUS, endoscopic ultrasonography; US, abdominal ultrasonography; MPD, main pancreatic duct; PNET, 
pancreatic neuroendocrine tumor; SPT, solid pseudopapillary tumor; IPAS, intrapancreatic accessory spleen. 

508 Consecutive patients underwent EUS under suspicion of pancreatic  
abnormality from January 2014 to September 2015

120 Patients without US for evaluation of  
pancreatic lesion 

50 Excluded patients with
19 Pancreatitis 
17 MPD dilatation without focal lesion 
09 Fat invagination 
04 Normal pancreas
01 Diffuse lymphoma

338 Consecutive patients underwent both EUS and US 
for focal pancreatic lesions 
253 Cyst
085 Solid 

54 Adenocarcinoma 
24 PNET 
04 SPT 
01 IPAS 
01 Metastasis 
01 Lymphoma 

388 Patient who underwent additional US before or after EUS examination 
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Image Interpretation
Two board-certified radiologists with 21 and 10 years, respectively, 
of clinical experience in abdominal sonography (J.H.K. and S.Y.C.), 
retrospectively analyzed the sonograms based on the formal 
reports focusing on the presence of focal pancreatic lesions. All 
images were reviewed on a picture archiving and communication 
system workstation (INFINITT PACS, Infinitt Healthcare Co. Ltd., 
Seoul, Korea). We also analyzed the multiplicity of focal pancreatic 
lesions (single or multiple), whether the lesions had solid or cystic 
characteristics, and the size and location of the focal lesions. The 
location of a focal pancreatic lesion was classified as uncinate 
process/head, neck/body, or tail, based on the following definitions: 

head, right of the superior mesenteric vein (SMV); uncinate process, 
extension of the head and posterior to the SMV; neck, anterior to 
the SMV; body, left of the SMV and right of the left lateral border 
of the vertebral body; and tail, left of the left lateral border of the 
vertebral body to the splenic hilum. When the description on the 
formal report was unclear, we made the final decision by consensus. 

Statistical Analysis
The statistical significance of differences in lesion characteristics 
between those that were detected and not detected by US were 
evaluated by means of the chi-square test for categorical variables 
and the Student t-test for continuous variables, as appropriate. 

C

Fig. 2. Pancreatic cyst detected on abdominal ultrasonography 
(US) in a 49-year-old man. 
A. Endoscopic US shows a 1.7-cm well-defined hypoechoic lesion in 
the body of the pancreas (arrows) with a thin septum. B, C. US also 
shows a 1.7-cm cystic lesion in the body of the pancreas (arrows) 
with a thin septum.

A B
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To determine the factors affecting the ability of US to detect 
focal pancreatic lesions, stepwise multivariable logistic regression 
analyses were conducted using variables found to be significant 
in the univariate analysis. The area under the receiver operating 
characteristic (ROC) curve (AUC) and the 95% confidence interval 
(CI) of the AUC was computed in order to evaluate the diagnostic 
ability of US for assessing the lesion size. The appropriate cut-off 
value of the lesion size, corresponding to the maximum Youden 
index, was estimated using ROC analysis. A 2-tailed P-value of 
<0.05 was considered to indicate statistical significance. All 
statistical analyses were performed using SPSS for Windows version 
19.0 (IBM Corp., Armonk, NY, USA).

Results

Abdominal US detected 208 of the 338 (61.5%) focal pancreatic 
lesions found on EUS (61.5%). The ability of US to detect focal 
pancreatic lesions differed significantly depending on whether 
the lesions were located in the uncinate process and head (89 
of 140, 63.6%), neck or body (94 of 124, 75.8%), or tail (25 of 

74, 33.8%) (P<0.001) (Fig. 2). The ability of US to detect solid 
focal pancreatic lesions was significantly higher than its ability to 
detect cystic focal pancreatic lesions (60 of 85, 70.6% vs. 148 of 
253, 58.5%; P=0.047). The lesion size also differed significantly 
between undetected and detected lesions (15.50±10.08 mm 
vs. 23.09±12.93 mm, respectively; P<0.001) and between solid 
and cystic lesions (27.65±14.57 mm vs. 17.66±10.56 mm, 
respectively; P<0.001). However, multiplicity and patient age were 
not significant factors affecting the ability of US to detect lesions. 
Table 1 summarizes the demographic data and Table 2 summarizes 
the factors influencing the ability of US to detect focal pancreatic 
lesions. 

The AUC of lesion size for the detectability of US was 0.695 
(95% CI, 0.637 to 0.752). The optimal cut-off point of lesion size 
for determining its detectability by US was 17.5 mm in the ROC 
curve analysis (Fig. 3). By applying this cut-off value, the sensitivity 
and specificity were maximized (58.7% and 68.5%, respectively). 
Regardless of whether the lesion was cystic or solid, the ability of 
US to detect a lesion significantly depended on its location (P<0.001 
for cystic lesions and P=0.001 for solid lesions). However, while the 
detectability of cystic lesions by US was affected by the lesion size 
(13.04±7.15 mm vs. 20.93±11.36 mm, respectively; P<0.001), 
the size of undetected and detected solid lesions did not differ 
significantly (P=0.448). In addition, the size of solid lesions was also 
significantly larger than that of cystic lesions (17.66±10.56 mm vs. 

Fig. 3. Receiver operating characteristic curve analysis of the 
ability of abdominal ultrasonography to detect focal pancreatic 
lesions according to lesion size. The optimal cut-off value of lesion 
size for determining its detectability by ultrasonography was 17.5 
mm (sensitivity of 58.7% and specificity of 68.5%). AUC, area under 
the receiver operating characteristic curve.

1-specificity
0.0	 0.2	 0.4	 0.6	 0.8	 1.0

Se
ns

iti
vi

ty

1.0

0.8

0.6

0.4

0.2

0.0

AUC=0.695

Table 1. Demographic data of the enrolled patients and focal 
pancreatic lesions

Variable Value (n=338)

Age (yr) 62.73±1.95(15-87)

Sex 

　Male 158 (46.7)

　Female 180 (53.3)

Lesion size (mm) 20.17±12.46 (2.0-71.0)

Lesion type

　Solid   85 (25.1)

　Cystic 253 (74.9)

Detection on US

　US detected 208 (61.5)

　US non-detected 130 (38.5)

Lesion number 

　Single 291 (86.1)

　Multiple   47 (13.9)

Location

　Uncinate process   64 (18.9)

　Head   76 (22.5)

　Neck 22 (6.5)

　Body 102 (30.2)

　Tail   74 (21.9)

Values are presented as mean±standard deviation (range) or number (%).
US, ultrasonography.
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summarizes the factors that significantly influenced the ability of 
US to detect focal pancreatic lesions using multivariate analysis. 
Although whether a focal pancreatic lesion was solid or cystic was 
significantly related with its detectability by US in the univariate 
analysis, it was not independently significant in the multivariate 
analysis.

Discussion

Our study demonstrated that the overall detection rate of focal 
pancreatic lesions by US was 61.5% (208 of 338), and the detection 
rate of pancreatic lesions in the neck/body was 74.5%. Location 

27.65±14.59 mm, respectively; P<0.001) (Fig. 4).
In the multivariate analysis, location of the lesion in the neck or 

body and its size were independently significant factors associated 
with the ability of US to detect focal pancreatic lesions. The 
detection rate of focal pancreatic lesions of the neck or body by 
US was significantly higher than the detection rate of lesions in 
other locations (odds ratio [OR], 3.238; 95% CI, 1.926 to 5.443; 
P<0.001). Lesions located in the neck/body of the pancreas showed 
the highest detectability (76 of 102, 74.5%) compared to those in 
other parts of the pancreas (Fig. 5). In addition, the detectability 
of focal pancreatic lesions by US was significantly affected by the 
lesion size (OR, 1.070; 95% CI, 1.044 to 1.096; P<0.001). Table 3 

Table 3. Significant factors influencing the ability of abdominal ultrasonography to detect focal pancreatic lesions

Variable
Univariable Multivariable

OR (95% CI) P-value OR (95% CI) P-value

Characteristics 0.047 -

　Cystica) 1

　Solid 1.703 (1.003-2.891) -

Multiplicity 0.534 -

　Singlea) 1

　Multiple 1.219 (0.652-2.277) -

Location <0.001 <0.001

　Neck/body 2.749 (1.682-4.491) 3.238 (1.926-5.443)

　Othersa) 1 1

Size (mm) 1.064 (1.039-1.089) <0.001 1.070 (1.044-1.096) <0.001

OR, odds ratio; CI, confidence interval.
a)Reference parameter.

Table 2. Qualitative and quantitative factors influencing the ability of abdominal ultrasonography to detect focal pancreatic lesions

Variable
All pancreatic lesions Cystic lesions Solid lesions

Undetected 
(n=130)

Detected 
(n=208)

P-value
Undetected 

(n=105)
Detected 
(n=148)

P-value
Undetected 

(n=25)
Detected 

(n=60)
P-value

Characteristics 0.047 - -

　Cystic 105 148 - - - -

　Solid 25 60 - - - -

Multiplicity 0.534 0.659 NA

　Single 110 181 85 123 25 58 

　Multiple 20 27 20 25 - 2 

Location <0.001 <0.001 0.001

　Uncinate process/head 51 89 42 62 9 27 

　Neck/body 30 94 25 67 5 27 

　Tail 49 25 38 19 11 6 

Size (mm) 15.50±10.08 23.09±12.93 <0.001 13.04±7.15 20.93±11.36 <0.001 25.84±12.93 28.40±14.99 0.448

Values are presented as number or mean±standard deviation.
NA, not available.
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of the lesion in the neck/body, solid features, and a relatively large 
size (15.50±10.08 mm vs. 23.09±12.93 mm) were significantly 
associated with a higher detection rate in the univariate analysis 
(P<0.001, P=0.047, and P<0.001, respectively). In the multivariable 
analysis, location in the neck or body (OR, 3.238; 95% CI, 1.926 to 
5.443) and size (OR, 1.070; 95% CI, 1.044 to 1.096) were found to 
be significant variables (P<0.001). 

Lesions located in the neck or body of the pancreas showed 
the highest detectability (76 of 102, 74.5%) compared to those 
in other parts of the pancreas. US is widely used as a tool for 
examining intra-abdominal organs in clinical practice. However, 
despite its safety and cost-effectiveness, the pancreas is recognized 

to be one of the most difficult organs to evaluate using US due 
to its deep retroperitoneal location [16]. According to previous 
reports [15,16,24-27], US showed a varied range of diagnostic 
performance for the detection of pancreatic cysts. Several studies 
even reported that the prevalence of pancreatic cysts detected on 
screening US was approximately 0.1% to 0.3% [24,25], despite 
the rising prevalence of pancreatic cysts. In addition, while several 
studies reported that US showed a sensitivity of approximately 90% 
for detecting pancreatic tumors [15,26,27], other studies reported 
that its sensitivity of US was no more than 70%. These remarkable 
differences in results seem to be derived from many variables, such 
as lesion size, lesion location, the examiner’s clinical experience, 

C

Fig. 4. Pancreatic cancer detected on abdominal ultrasonography 
(US) in a 76-year-old woman. 
A. Endoscopic US shows a hypoechoic mass (arrows) in head of 
the pancreas with upstream main pancreatic duct (MPD) dilatation 
(arrowhead). B. US also shows a 2.7-cm ill-defined hypoechoic lesion 
in the head of the pancreas (arrows) with upstream MPD dilatation. 
C. A color Doppler US delineates no demonstrable vascularity within 
the lesion (arrows). 

A B
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and the patient’s condition. In our study, the overall detection rate 
of focal pancreatic lesions by US was 61.5% (208 of 338). The 
detection rate of solid lesions was significantly higher than that 
of cystic lesions (70.6% and 58.5%, respectively; P=0.047) in 
the univariate analysis. To the best of our knowledge, no previous 
attempt has been made to compare the diagnostic performance 
of US according to whether a pancreatic lesion is solid or cystic. 
Therefore, the reason for this discrepancy in the results is uncertain. 
However, since solid lesions are significantly larger than cystic 
lesions, we surmise that lesion size could function as a confounding 
factor affecting the detection rate of these two types of lesions. 
Furthermore, the secondary changes induced by solid cystic lesions 

(including pancreatic cancer) in the MPD, upstream pancreatic 
parenchyma, or bile duct could increase the detectability of solid 
focal pancreatic lesions by US. 

The location of focal pancreatic lesions is an important factor 
influencing their detectability by US. Although during US, we attempt 
to examine the entire pancreatic parenchyma, including the uncinate 
process, head, neck, body, and tail, US has inherent limitations for 
visualizing the entire pancreas [15,16,28,29]. When visualization 
of the pancreas is limited due to a poor sonic window, it is possible 
to use various scanning techniques, such as applying compression 
and moving the transducer. In particular, it is difficult to visualize 
the entire pancreatic tail even when using the spleen as an acoustic 

C

Fig. 5. Undetected pancreatic cyst on abdominal ultrasonography 
(US) in an 80-year-old woman. 
A. Endoscopic US shows a 3.8-cm lobulated and septated cystic 
lesion in the tail of the pancreas (arrows). B. No demonstrable focal 
lesion was found on a follow-up US in the tail of the pancreas. C. US 
using the spleen as an acoustic window also failed to delineate the 
cystic lesion in the tail of the pancreas.

A B
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window. In our study, the lowest detection rate was found for lesions 
located in the tail (33.8%) and the highest detection rate was found 
for lesions located in the neck or body (74.5%). Clinicians should be 
aware of this limitation of US, and US examinations of the pancreas 
should be performed with great care. 

Our study has several limitations. First, as this study was 
retrospectively designed, selection bias was inevitable and patients’ 
body habitus was not evaluated as a variable affecting the 
detectability of pancreatic lesions. Second, we only included patients 
in whom focal pancreatic lesions were identified by EUS, and we 
set the EUS findings as the reference image for the focal pancreatic 
lesions. However, we cannot be sure that our enrolled patients 
represent the entire spectrum of incidental pancreatic lesions. In 
order to overcome these limitations, further prospective studies 
would be required in the future. Third, US is an operator-dependent 
modality. To obtain adequate images using US, the operator must 
have sufficient clinical experience. A poor sonic window is also one 
of the weaknesses of the modality, and this factor is influenced 
by patient-related factors such as body habitus and cooperation. 
Fourth, we did not limit the temporal relationship and time interval 
between abdominal US and EUS, and the time interval between the 
two examinations was quite long in some cases. In patients with 
pancreatic cysts, the follow-up interval was somewhat longer than 
that of patients with solid pancreatic lesions, which may have acted 
as a confounding factor. 

In conclusion, US is useful for the detection and the follow-up of 
focal pancreatic lesions, especially for lesions located in the neck or 
body and for relatively large lesions.
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