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Background: To observe and assess the diagnostic value of the venous phase enhancement patterns
of contrast-enhanced ultrasounds (CEUS) in patients with solid pancreatic lesions that show iso- to
hyperenhancement in the arterial phase of the CEUS.

Methods: Patients who underwent CEUS for pancreatic lesions in the Peking Union Medical College
Hospital between April 2017 and August 2019 were identified from the dynamic CEUS imaging database
in the hospital. A total of 57 patients with pathologically or clinically diagnosed pancreatic lesions were
retrospectively included in this study, and the CEUS images from these patients were evaluated. The
enhancement patterns in each phase were analyzed, and each lesion was classified as malignant or benign
using a five-point scale of confidence based on morphology, boundary, vascular invasion, blood flow, and
enhancement patterns in ultrasound (US) and CEUS images.

Results: Rapid washout in the venous phase of CEUS images was detected in 30 malignant lesions and 4
benign lesions with malignant potential. The specificity for determining malignancy was 77.8%. Continuous
isoenhancement with normal pancreatic tissues in the venous phase achieved a high specificity of 95.0%
for determining benign lesions. Early hyperenhancement in the arterial phase followed by slow washout in
the venous phase showed high specificity of 98.1% for determining metastasis. The diagnostic confidence
improved after reviewing CEUS scans (area under the receiver operating characteristic curve was 0.737 for
baseline US and 0.910 for CEUS; P=0.056).

Conclusions: Enhancement patterns in the venous phase of CEUS images were beneficial in the
differential diagnosis of solid pancreatic lesions with iso- to hyperenhancement in the arterial phase on
CEUS.

Keywords: Ultrasonography; contrast media; pancreatic neoplasms; pancreatitis; retrospective studies
Submitted Nov 09, 2020. Accepted for publication May 13, 2021.

doi: 10.21037/qims-20-1248
View this article at: https://dx.doi.org/10.21037/qims-20-1248

© Quantitative Imaging in Medicine and Surgery. All rights reserved. Quant Imaging Med Surg 2021;11(10):4321-4333 | https://dx.doi.org/10.21037/qims-20-1248


https://crossmark.crossref.org/dialog/?doi=10.21037/qims-20-1248

4322 Chen et al. Enhancement patterns in the venous phase of CEUS in the pancreas

Introduction

Ultrasound (US) is widely used to screen for pancreatic
lesions due to its advantages of being fast, inexpensive,
and radiation-free. Its diagnostic ability has been greatly
improved by introducing US contrast agents (1), such as
microbubbles composed of a gas core and a stabilizing
shell, that enable visualization of the blood vessels in tissues
without entering the extravascular space.

In patients with solid pancreatic lesions, contrast-enhanced
ultrasound (CEUS) has been widely used as it can reliably
identify pancreatic ductal adenocarcinomas (PDAC) (2),
which is the most lethal type of pancreatic cancer. The
pooled sensitivity and specificity have been reported to be
91% and 87%, respectively (3). Hypoenhancement in all
phases relative to the rest of the pancreatic parenchyma
is a dominant feature of PDAC on CEUS. This pattern
accounts for approximately 90% of all PDAC cases
(2,4). However, iso- and hyperenhanced lesions remain
challenging to identify, and few studies have focused on
such cases.

This research was conducted to observe the
characteristics of focal pancreatic lesions with iso- to
hyperenhancement in the arterial phase. This investigation
provides new insights into the initial differential diagnosis
of focal pancreatic lesions with iso- to hyperenhancement
in the arterial phase on CEUS and insights into the
preliminary identification of these masses based on their
enhancement patterns the venous phase.

Methods
Patients

This retrospective study was conducted following
the Declaration of Helsinki (as revised in 2013). All
experimental protocols were reviewed and approved
by the institutional review board of the Peking Union
Medical College Hospital, and the requirement for written
informed consent was waived. Our institution’s dynamic
CEUS imaging database was reviewed, and patients who
underwent CEUS for pancreatic lesions in the Peking
Union Medical College Hospital between April 2017 and
August 2019 were identified. A total of 598 records were
retrieved. The images, videos, and medical histories were
viewed by two physicians (with 11 and 6 years of experience
in the abdominal US, respectively). Patients were included
in this study if they presented with: (I) a solid pancreatic
lesion or lesions on the US as confirmed by two physicians;
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(II) lesions that were iso- to hyperenhanced in the arterial
phase; and (III) a clear diagnosis for the pancreatic lesion.
If the patient had several US and CEUS scans during
the study, only the first scan was included. For clinical
diagnosis, all lesions must be confirmed by at least 2
methods, such as contrast-enhanced computed tomography
(CT), magnetic resonance imaging (MRI), or positron
emission tomography-CT (PET-CT). Benign lesions must
fulfill the following criteria: no marked changes in size
during the follow-up periods (>1 year); and no new lesions
present. The following exclusion criteria were applied:
(I) patients lacking a definitive diagnosis; (II) unqualified
images; (III) patients with a clinical diagnosis as benign but
the follow-up period was not sufficient; and (IV) patients
with incomplete follow-up data. A total of 57 patients were
included in this study (Figure 1), of which pathological
surgical results diagnosed 28 patients, 21 were diagnosed
by puncture pathological biopsy, and 8 were diagnosed by
comprehensive clinical diagnosis.

US and CEUS

US and CEUS were performed by 2 trained examiners with
more than 10 years experience in the US and more than
5 years experience in CEUS. The examiners were
specialized in diagnostic ultrasounds for abdominal
diseases. The routine CEUS protocol for the pancreas
at our institution consists of US and CEUS. All scans
were performed with a Philips IU-22 scanner (Philips
Healthcare, Bothell, WA, USA) equipped with a 2-5 MHz
convex probe, and a mechanical index of 0.07 was used for
the CEUS examination. SonoVue microbubbles (Bracco,
Milan, Italy) were dissolved in saline according to the
manufacturer’s instructions. A fast bolus injection of 2.4 mL
SonoVue was administered intravenously, followed by a 5 mL
saline flush.

The patients were instructed to fast for a minimum of
6 hours prior to the procedure and were scanned in the
supine position. The positions, echoes, sizes, boundaries,
and blood flows of the pancreatic lesions were first
recorded with a B-mode US. CEUS was then performed
immediately. The maximum possible layer of the lesion
was selected and CEUS was performed. The surrounding
pancreatic parenchyma was included in the images as a
control. The patients were instructed to maintain smooth
and regular breathing patterns during the observation
time, during which perfusion into the lesion was observed
in real-time and the observation period was no less than
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Patients with pancreatic lesions in database (n=598)

!

Patients with solid lesions, with iso- to
hyperenhancement in the arterial phase (n=85)

Y

Exclusion:

1) Patients lacked of definitive diagnosis (n=4);

2) Unqualified images (n=0);

3) Patients had a clinical diagnosis as benign but
the follow-up period was not enough (n=3);

4) Incomplete follow-up data (n=21)

Y

Final study population (n=57)

Figure 1 A flow diagram showing the patient selection criteria.

120 seconds. Dynamic images were stored for further
analysis. No discomfort or adverse effects were reported
after the examinations.

Image analysis was performed by an experienced
physician with more than 15 years of experience in
pancreatic US who was blinded to the diagnosis. Analysis
was performed with the aid of time-intensity curves
(TICs) drawn by the QLAB software (version 10.8, Philips
Healthcare, Andover, MA). The physician was blinded to
any information relating to the patient except for the US
images and the CEUS videos. In each case, two regions
of interest (ROIs) were selected from the lesions and
normal pancreatic tissues, and two TICs were obtained.
Curve fitting was performed, and the time-to-peak, peak
intensity, and half-life time were estimated using the QLAB
software. The ROI was square shaped with a side length
of 5 mm. The two ROIs for each case were located at a
similar depth where possible. Representative areas were
selected, avoiding blood vessels and interfaces. For patients
with multiple but similar lesions, the enhancement patterns
were mainly determined according to the largest lesion.
The CEUS process was divided into the arterial phase
and the venous phase, defined as <30 and 31-120 seconds
after injection of the contrast agent, respectively.
Enhancement was classified as hyperenhancement,
isoenhancement, or hypoenhancement relative to the
rest of the pancreatic parenchyma. In the arterial phase,
enhancement that appeared in the lesion earlier than in the
pancreatic parenchyma was defined as early enhancement
(Figure 24,B). In the venous phase, the washout of the
lesion faster than, slower than, or equal to that of the
pancreatic parenchyma was defined as rapid washout, slow
washout, and isoenhancement, respectively. Thus, the

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

enhancement patterns in the venous phase were classified as
rapid washout, slow washout, continuous isoenhancement,
continuous hyperenhancement, and others (Figure
3A4,B,C,D, Videos 1-4). Enhancement patterns were mainly
defined directly with the naked eye, with the aid of TICs.
Another experienced physician with more than 10 years of
experience in the pancreatic US, blinded to the diagnosis,
reviewed all the image analyses with no resultant objections.

Two readers (both with more than 10 years of experience
in the abdominal US and more than 5 years of experience
in pancreatic CEUS) characterized the lesions as benign or
malignant. Before analysis, the readers were made aware
of the results and conclusions of the previous part of this
research. There were two sections to the scoring procedure.
First, baseline US images, including the gray-scale US with
color Doppler imaging, were analyzed, and the lesions were
classified as benign or malignant using a 5-point diagnostic
confidence scale (Figure 44,B) as previously described
(5-7). The scale is based on morphology, boundary, vascular
invasion, and other image findings in the baseline US
images. Second, the CEUS images of the same patient were
analyzed by the readers. The score was then reassessed
based on the results and conclusions of the previous part of
this research and the enhancement patterns in the CEUS. A
consensus is then reached by discussion.

Statistical analysis

Categorical and ordinal variables were expressed as counts
and proportions, and quantitative variables were expressed
as mean * standard deviation if the data were normally
distributed. Statistical analyses were performed using SPSS
statistical software version 25.0 (SPSS Inc., Chicago, IL,
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Figure 2 Contrast-enhanced ultrasound images of the early and not-early enhancement in the arterial phase. (A) A lesion classified with
early hyperenhancement in the arterial phase, diagnosed as pancreatic metastasis of clear cell renal cell carcinoma in a 53-year-old woman. In
the arterial phase, enhancement in the lesion (blue arrows in the CEUS image and blue curve in the TICs) clearly occurred earlier than that
in the pancreatic parenchyma (orange arrows and orange curve) (time-to-peak estimated to be 32.9 to 43.2 s). The enhancement intensity
in the lesion was much higher than that in the pancreatic parenchyma (peak intensity estimated to be 19.2 to 13.1 dB). (B) A lesion classified
with isoenhancement with not-early enhancement in the arterial phase, diagnosed as an inflammatory lesion in a 62-year-old man. In the
arterial phase, the enhancement of the lesion (blue arrows and blue curve) did not occur earlier than that in the pancreatic parenchyma (orange
arrows and orange curve) (time-to-peak estimated to be 26.6 to 22.7 s). The enhancement intensity was similar between the lesion and

pancreatic parenchyma (peak intensity estimated to be 17.9 to 18.5 dB). CEUS, contrast-enhanced ultrasound; TIC, time intensity curve.

USA). The y’ test was used to assess the differences of
categorical variables. The difference of normally distributed

of location. The diagnostic performances of baseline US
and CUES were calculated using a non-parametric receiver

continuous variables between two groups was analyzed using
the Student’s 7-test, and the Mann-Whitney U test was used
for comparing abnormally distributed continuous variables.
Logistic regression was used for intergroup comparisons
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operating characteristic (ROC) curve and compared using
the Z test of the area under curve (AUC). The accuracy
(ACC), sensitivity (SEN), specificity (SPE), positive
predictive value (PPV), negative predictive value (NPV),
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A : . .
Diagnostic confidence scale
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B Clinical or pathological diagnosis
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. 3,40r5 True positive False positive
Confidence grade
1or2 False negative True negative

Figure 4 Schematic diagram of the 5-point diagnostic confidence scale. (A) A 5-point diagnostic confidence scale was assigned for each

case as follows: 1, definitely benign; 2, probably benign; 3, indeterminate; 4, probably malignant; and 5, definitely malignant. (B) The

retrospectively determined benign or malignant diagnoses were considered: true-positive if the lesion was correctly assessed as malignant,

with an assigned confidence grade of 3, 4 or 5; false-negative if the lesion was assigned a confidence grade of 1 or 2 and incorrectly assessed

as benign; true-negative if the lesion was assigned a confidence grade of 1 or 2 and correctly assessed as benign; or false-positive if the lesion

was assigned a confidence grade of 3, 4, or 5 and incorrectly assessed as malignant.

Table 1 The baseline characteristics of patients and lesions between the malignant and benign groups

Characteristic Benign (n=15) Malignant (n=42) P
Age, year 55 [46, 61] 59 [55, 63] 0.080
Gender (male/female) 12/3 21/21 0.067
Pancreatic lesion characteristics
Size, cm 3.821.79 4.471.47 0.169
Location (proximal only/distal only/proximal and distal pancreas) 8/4/3 17/23/2 0.083

positive likelihood ratio (LR+), and negative likelihood
ratio (LR-) were calculated using the 2x2 contingency
table. A two-sided P value <0.05 was considered statistically
significant.

Results
Patient characteristics

A total of 57 patients (33 males and 24 females) were
recruited for this study. Table I provides the patient
demographics and baseline characteristics. Age, gender,
lesion size, and lesion location did not differ significantly
between patients with benign lesions and malignant lesions.

Clinical and pathological diagnosis

Table 2 summarizes the clinical and pathological diagnoses

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

and enhancement patterns. PDAC accounted for most
of the diagnoses. Other pathological findings included
metastasis, pancreatic neuroendocrine neoplasm (p-NEN),
inflammation, intraductal papillary mucinous neoplasm
(IPMN), solid pseudopapillary tumor of the pancreas
(SPTP), and so on. Four metastases originated from renal
clear cell carcinoma, and one originated from small cell
lung cancer (SCLC).

Characteristics of the CEUS enbancement patterns

The characteristics of the CEUS enhancement patterns of
the lesions are summarized in 7able 3. The distribution of
hyperenhancement and isoenhancement in the arterial phase
was not significantly different between patients with benign
lesions and patients with malignant lesions. In some of the
lesions, the contrast agent washed in rapidly, and the CEUS

Quant Imaging Med Surg 2021;11(10):4321-4333 | https://dx.doi.org/10.21037/qims-20-1248
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Table 2 The final clinical/pathological diagnosis and enhancement patterns of malignant and benign lesions
Arterial phase Venous phase
Diagnosis Cases  Hyper-/iso- Early Rapid Slow Continuous Continuous
enhancement enhancement/others washout washout isoenhancement hyperenhancement
Malignant
PDAC 24 0/24 1/23 23 1 0 0
Metastasis 5 5/0 5/0 1 0 0 4
Lymphoma 1 01 0/1 1 0 0 0
p-NEN (G2, neuroendocrine 4 2/2 0/4 2 1 1 0
carcinoma)
Undifferentiated carcinoma 1 0/1 0/1 1 0 0 0
AdCa 1 0/1 0/1 1 0 0 0
ACC 1 0/1 0/1 1 0 0 0
Carcinosarcoma 1 0/1 0/1 1 0 0 0
Cholangiocarcinoma 1 0/1 0/1 0 1 0 0
Clinical diagnosis 3 0/3 0/3 3 0 0 0
Benign
p-NEN (staging G1) 2 11 11 0 0 0 2
Inflammation
With PanIN I-1I 1 0/1 0/1 1 0 0 0
Without PanIN 3 0/3 172 0 0 2 1
IPMN 2 0/2 0/2 0 1 1 0
SPTP 2 0/2 0/2 1 1 0 0
Clinical diagnosis 5 0/5 0/5 0 0 5 0

PDAC, pancreatic ductal adenocarcinoma; p-NEN, pancreatic neuroendocrine neoplasm; AdCa, adenosquamous carcinoma; ACC, acinic
cell carcinoma; PanlN, pancreatic intraepithelial neoplasia; IPMN, intraductal papillary mucinous neoplasm; SPTP, solid pseudopapillary

tumors of pancreas.

Table 3 Comparison of enhancement patterns between malignant and benign groups

Characteristic Benign (n=15) Malignant (n=42) P

Arterial phase
Hyper-/iso-enhancement 114 7/35 0.667
Early enhancement/others 2/13 6/36 0.927

Venous phase <0.001
Rapid washout 2 34 0.001
Slow washout 2 3 0.921
Continuous isoenhancement 8 1 0.038
Continuous hyperenhancement 3 4 0.076

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Quant Imaging Med Surg 2021;11(10):4321-4333 | https://dx.doi.org/10.21037/qims-20-1248



4328 Chen et al. Enhancement patterns in the venous phase of CEUS in the pancreas

images presented early enhancement in the arterial phase.
The distribution of this characteristic showed no significant
difference between benign and malignant patients.

The CEUS characteristics in the venous phase provided
more information for differential diagnosis. According
to the enhancement patterns in the venous phase, the
lesions were divided into 4 categories. Among these, the
distributions of rapid washout (P=0.001) and continuous
isoenhancement (P=0.038) were significantly different
between the benign and malignant groups.

The diagnostic value of rapid washout in the venous phase
for malignancy

Rapid washout in the venous phase was detected in 34
malignant lesions and 2 benign lesions. This pattern was
distributed differently between the two groups (P<0.001),
with a sensitivity of 81.0% and a specificity of 86.7% for
determining malignancy. The diagnoses of the 34 malignant
lesions with rapid washout in the venous phase were PDAC
(23 cases), clinical diagnosis (3 cases), p-NEN (2 cases),
carcinosarcoma, lymphoma, undifferentiated carcinoma,
adenosquamous carcinoma (AdCa), acinic cell carcinoma
(ACC), and metastasis (1 case each).

The pathological diagnoses of the 2 benign lesions
with rapid washout in the venous phase were SPTP and
inflammation with focal pancreatic intraepithelial neoplasia
(PanIN) I-11, both of which have malignant potential.

The diagnostic value of continuous isoenhancement in the
venous phase for benign lesions

Continuous isoenhancement with the presence of normal
pancreatic tissues in the venous phase was observed in
8 benign lesions and 1 malignant lesion (determined
as neuroendocrine carcinoma based on a pathological
diagnosis). This pattern was distributed differently between
these two groups, with a high specificity of 97.6% and a
relatively low sensitivity of 53.3% for determining benign
lesions.

The diagnostic value of continuous byperenbancement in
the venous phase for metastasis

Continuous hyperenhancement in the venous phase was
found in 3 benign lesions and 4 malignant lesions. The
distribution of this pattern was not different between the
two groups, but specificity for metastasis was noted. The
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7 lesions with this feature consisted of 4 metastases, 2
p-NENS, and 1 inflammation. Among all 5 metastases, only
1 case originating from SCLC showed rapid washout rather
than continuous hyperenhancement in the venous phase.
Continuous hyperenhancement in the venous phase had a
relatively low sensitivity of 80.0% and a high specificity of
94.2% for determining metastasis (P<0.001).

The diagnostic value of early byperenbancement in the
arterial phase followed by continuous hyperenbancement in
the venous phase for metastasis

Early hyperenhancement in the arterial phase alone
showed no difference in distribution between the benign
and malignant groups, but this pattern could help further
improve the specificity of determining metastasis. As
mentioned before, 7 cases were found with continuous
hyperenhancement in the venous phase, including 4
metastases, 2 p-NENs, and 1 case of inflammation. In these
cases, the 4 metastases originated from renal clear cell
carcinoma. One p-NEN presented early hyperenhancement
in the arterial phase. The other p-NEN and one
inflammatory lesion presented with isoenhancement. Thus,
early hyperenhancement in the arterial phase followed by
continuous hyperenhancement in the venous phase achieved
a high specificity of 98.1% for determining metastasis, but
the sensitivity remained relatively low at 80.0% (P<0.001).

A comparison of confidence grade after reviewing baseline
US and CEUS images

After reviewing the baseline US images and CEUS scans,
lesions were classified by the readers as benign (confidence
grade 1 or 2) or malignant (confidence grade 3, 4, or 5)
according to their diagnostic confidence, with the above
results taken into consideration. After reviewing the CEUS
scans, the confidence grade (1able 4) changed with statistical
significance (P=0.030). More lesions had definitive and
correct diagnoses. In benign lesions with an assigned
confidence grade of 1, the correct diagnosis was achieved in
0% of cases after baseline US, and this increased to 53.3%
after CEUS review. In malignant lesions with an assigned
confidence grade of 5, the correct diagnosis was achieved
in 14.3% of cases after baseline US, and this increased
to 88.1% after CEUS review. The ACC, SEN, SPE,
PPV, NPV, LR+, and LR~ for diagnosing malignancy all
improved following a review of the CEUS scans (Table 5).
The area under the ROC curve (Figure 5, Table 5) increased
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ROC curve of diagnostic confidence
e

Table 4 Comparison of confidence grade after reviewing baseline
US and CEUS (R =
Benign (%)  Malignant (%) P f o
08| | 3
Baseline US only <0.0001 |
1 0(0.0) 0(0.0) 206 ;'I )
2 3 (20.0) 4(9.5) 2 / £
» 04| |
3 8 (53.3) 8(19.0) .
4 4(26.7) 24 (57.1) 0.2 ,f  Baseline US
5 0(0.0) 6(14.3) —— CEUS |
0.0 =
0.0 0.2 0.4 0.6 0.8 1.0
CEUS <0.0001 1-Specificity
1 8(53.3) 124 Figure 5 A graphical representation of the increase in diagnostic
2 4 (26.7) 0 (0.0 confidence after a review of contrast-enhanced ultrasound scans.
3 16.7) 1(2.4) The ROC curve is plotted to discriminate between benign and
A 000 371 malignant lesions after a review of the baseline US scans (blue
0.0) (7.1) line) and after a review of the CEUS scans (red line). ROC,
5 2(13.3) 37 (88.1) receiver operating characteristic; US, ultrasound, CEUS, contrast-
US, ultrasound; CEUS, contrast-enhanced ultrasound. enhanced ultrasound.
Table 5 Diagnostic value of baseline US and CEUS in solid pancreatic lesions with iso- to hyperenhancement in the arterial phase on CEUS
ACC (%)  SEN (%) SPE (%) PPV (%) NPV (%) PLR NLR AUC
Baseline US only 71.93 90.48 20.00 76.00 42.86 1.13 0.48 0.737
CEUS 92.98 97.62 80.00 93.18 92.31 4.88 0.03 0.910
US, ultrasound; CEUS, contrast-enhanced ultrasound; ACC, accuracy; SEN, sensitivity; SPE, specificity; PPV, positive predictive value;

NPV, negative predictive value; PLR, positive likelihood ratio; NLR, negative likelihood ratio; AUC, area under the ROC curve.

from 0.737 for baseline US to 0.910 for CEUS; however,
the difference was not statistically significant (z=1.908,

P=0.056).

Discussion
This retrospective study provided an overview of solid
pancreatic lesions with iso- to hyperenhancement in the
arterial phase on CEUS. There were several vital findings
(Figure 6). First, rapid washout in the venous phase is a
reliable indicator of malignancy and malignant potential
and has high specificity. Second, isoenhancement in the
venous phase is highly specific for determining benign
lesions. Third, early hyperenhancement in the arterial
phase followed by hyperenhancement in the venous phase
has a high specificity for determining metastasis. With
these findings, the diagnostic performance of pancreatic
lesions can be enhanced, thereby improving the diagnostic
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confidence.
PDAC has been reported to be hypovascular in 73-93%

of cases, and thus, most PDAC cases can be identified by
typical hypoenhancement in all phases with reliable accuracy
(1,3,8). However, it should be noted that there are a fraction
of PDAC cases that show iso- and hyperenhancement
in the arterial phase, and it is challenging to distinguish
iso- or hyperenhanced cases of PDAC from other lesions.
Therefore, it is necessary to make comprehensive judgments
and diagnoses while considering the enhancement pattern
in the venous phase. However, there is a paucity of
information in the literature on this topic.

This study indicated that rapid washout in the venous
phase can be a predictor of malignancy in lesions with
iso- to hyperenhancement in the arterial phase. Few
studies have focused on the use of the rapid washout
to differentiate between malignant and benign lesions.
In addition, it should be noted that the pathological
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SPTP, inflammation with PanIN I-Il, etc

Benignity

Inflammation without PanIN, IPMN, etc

Metastasis

Isoenhancement

Figure 6 Schematic representation of the findings in this report. Previous studies have suggested that hypoenhancement in all phases relative

to the rest of the pancreatic parenchyma is a dominant feature of PDAC in CEUS. This study determined that for solid pancreatic lesions

with iso- to hyperenhancement in the arterial phase, rapid washout in the venous phase is a reliable indicator of malignancy and malignant

potential with a high specificity, and isoenhancement in the venous phase is highly specific for determining benign lesions. In addition, early

hyperenhancement in the arterial phase followed by hyperenhancement in the venous phase has a high specificity for determining metastasis.

PDAC, pancreatic ductal adenocarcinomas; CEUS, contrast-enhanced ultrasound; IPMN, intraductal papillary mucinous neoplasm; PanIN,

pancreatic intraepithelial neoplasia.

diagnoses of the 4 benign lesions with rapid washout in the
venous phase were p-NEN G2, SPTP, and inflammation
with focal PanIN I-II, all of which have malignant
potential. The rapid wash out possible basis might be
arteriovenous shunts and the disorganized vessel networks
in malignant lesions (1). Unlike the contrast media
applied for CT or MRI, the microbubble contrast agents
used in CEUS are intravascular contrast agents without
an extravascular phase. Thus, the late phase of CEUS
does not correspond to the interstitial or parenchymal
equilibrium phase described on CT or MRI (8).
Hence, a malignant diagnosis must be considered when
rapid washout in the venous phase is observed, regardless of
the enhancement pattern in the arterial phase, and further
attempts at differential diagnosis and pathological diagnosis
should be made.

The present results will be of significance for the
percutaneous biopsy of pancreatic lesions. Many studies
have shown that percutaneous ultrasound-guided biopsies
have a relatively low NPV (57.0-76.3%) (9-11). This
means that false-negative cases, in which a lesion harbors
malignant cells but shows negative results on biopsy,
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require more attention. To avoid missed diagnoses, a lesion
with rapid washout in the venous phase on CEUS may
need further examination, close clinical follow-up, and
even repeated biopsy, despite an initial negative biopsy
result. On the other hand, CEUS that shows the liquid
or necrotic areas inside the pancreatic mass prior to US-
guided biopsy may help identify the target. Sampling yield
has been reported to be improved (accuracy of 78% wvs.
86%) when CEUS was applied to guide pancreatic fine-
needle aspiration (FNA) (12), and the diagnostic accuracy
was also improved in other organs, such as the liver, lungs,
and prostate (13-15). Despite the presence of liquid and
necrotic areas, it was shown that nearly 50% of PDAC cases
were accompanied by surrounding chronic pancreatitis (16).
Sometimes it is challenging to differentiate pancreatitis
from PDAC. Although CEUS can improve the differential
diagnosis by showing hypoenhancement in PDAC and
iso- to hyperenhancement in inflammatory lesions (17),
the intensity of the enhancement tended to be lower along
with the chronic and longstanding inflammatory process,
probably due to the progression of fibrosis (18-20). Relying
on the enhancement patterns in the arterial phase alone
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may not lead to a clear distinction. According to our results,
rapid washout in the venous phase appeared in only 25% of
cases of inflammation and favored (potentially) malignant
lesions. Considering its specificity for malignancies in
this study, rapid washout in the venous phase might be an
essential sign for guiding biopsy. Choosing an area with this
sign as a biopsy target might help avoid the interference
from inflammation, improve the representation of the
samples, and increase the accuracy of target identification.

Endoscopic ultrasound (EUS) and EUS-guided fine-
needle aspiration (EUS-FNA) are recommended in
many guidelines for solid pancreatic lesions (21). EUS is
regarded as one of the most sensitive imaging modalities
for the detection of pancreatic lesions, and contrast-
enhanced-EUS (CE-EUS) can improve the specificity
of pancreatic cancer diagnosis (53% for EUS vs. 88%
for CE-EUS) (22). In recent research, EUS-FNA with
contrast-enhanced harmonic imaging increased the rates
of adequate sampling and sensitivity compared to EUS-
FNA with fundamental B mode imaging (84.9% vs. 68.8%,
P=0.003 and 76.5% vs. 58.8%, P=0.011, respectively) (23).
However, additional studies are required to support this
conclusion. The diagnostic accuracy of percutaneous US-
FNA is comparable to EUS-FNA (24), and the incidence of
complications associated with EUS or US guidance range
from 0% to 5% (25). In our hospital, the percutaneous
ultrasound-guided puncture was more often selected due to
the advantages of the short duration of the appointments
and low costs. This current research demonstrated that the
enhancement pattern of the venous phase in CEUS might
have a promising role in differential diagnosis and biopsy
target selection. Furthermore, the enhancement pattern
of the venous phase may have implications for differential
diagnosis and biopsy target selection in CE-EUS and EUS-
FNA.

The majority of p-NENs are hypervascular, which is
the essential feature of p-NENs on CEUS (26). Studies
have reported that the CEUS pattern correlates with tumor
grading in p-NENs and might be a prognostic and predictive
factor for the responsiveness to somatostatin analog
therapy (27). In our study, continuous isoenhancement in
the venous phase-only was presented in a neuroendocrine
carcinoma case. None of the other 4 p-NEN cases (stages
G1 and G2) showed a similar pattern. This suggested that
the relationship of enhancement patterns in the venous
phase with staging and the prognostic assessment of
p-NENs may be worth exploring.

Metastasis and many other lesions with abundant
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arterialization, such as pNETS, present as hyperenhancing
lesions in the arterial phase on CEUS examinations (2,28),
leading to difficulties in the differential diagnosis. In
this study, early hyperenhancement in the arterial phase
followed by continuous hyperenhancement in the venous
phase had a high specificity (98.1%) for determining
metastasis. Additionally, enhancement patterns in the
venous phase may be a significant factor in the differential
diagnosis of these hypervascular lesions.

Although currently, CTs and MRIs are considered
more effective than CEUS, Ran and colleagues noted that
the average cost of CTs and MRIs is at least double that
of CEUS in China (29). Additionally, the limitations of
regional economic development or medical and health
facilities should be taken into consideration. Some patients
cannot receive contrast-enhanced CT scans or contrast-
enhanced MRI examinations due to contraindications
(such as kidney failure, allergies to iodine for CT contrast
agents, claustrophobia, and pacemakers and metal objects
in the body that are unsuitable for MRI). Thus, CEUS may
provide a novel option for the differential diagnosis of solid
pancreatic lesions.

There were some limitations to this study. First, this
was a single-center retrospective study from a third-grade
Class A hospital in Beijing, China, with potential selection
bias and limited generalizability. Second, the sample size
was relatively small. Further prospective studies with larger
cohorts are warranted to confirm these findings.

In conclusion, this investigation demonstrated that
enhancement patterns in the venous phase improved the
diagnostic performance for solid pancreatic lesions with iso-
to hyperenhancement in the arterial phase on CEUS.
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