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The recent decade has witnessed the great improvement
of contrast-enhanced ultrasound (CEUS) and its extensive
use in clinical practice, which is undoubtedly the major
breakthrough in the field of diagnostic ultrasound in recent
years. The concept of CEUS can be looked back to 60s
in the last century, whereas only in 2000s CEUS regained
increasing attention in both clinical practice and basic
research. The current popularization of CEUS is largely due
to the emergence of low acoustic power contrast-specific
imaging mode and microbubble-based contrast agent filled
with inert gas. After administration of ultrasound contrast
agent intravenously, the low acoustic power contrast-specific
imagingmode facilitates visualization of the nonlinear signals
from the microbubbles in the circulation and suppresses the
linear signals from the surrounding tissues, which leads to
an improved signal-to-noise ratio and facilitates depiction
of macro- and microcirculation of the region of interest
(ROI) noninvasively. The low acoustic power also limits the
damage to the microbubbles under acoustic push; thus, more
microbubbles will remain in the circulation and a long time
CEUS depiction is available [1].

CEUS has greatly reshaped the role of ultrasound in clinic
practice. It has been demonstrated that CEUS is helpful in
characterization and detection of focal lesions in various
organs such as liver, gallbladder, pancreas, and kidney. In the
commentary titled “Contrast-Enhanced Ultrasound (CEUS)
in the Diagnosis of Hepatocellular Carcinoma and Intra-
hepatic Cholangiocarcinoma: Controversy over the ASSLD

Guideline,” the authors proposed an interesting issue in
the area of CEUS for liver lesion diagnosis that CEUS has
been dropped out from the ASSLD guideline as an imaging
modality for clinical diagnosis of HCC, which is one of
the hot spots and arouses a lot of different opinions from
scholars worldwide. One of the reasons for the drop-out is
that some authors believe that CEUS is not able to make
differentiation between hepatocellular carcinoma (HCC) and
intrahepatic cholangiocarcinoma (ICC) [2, 3]. The commen-
tary summarized the different opinions for the role of CUES
in differentiation between HCC and ICC in recent years. It
is concluded that prospective studies with strict design and
large case series are mandatory to solve the controversies
and stratification of ICC in terms of tumor size and liver
background is also essential. In this special issue, some
authors found an interesting phenomenon that post-CEUS
US image can enhance the depiction of focal liver lesions
in the article titled “Effects of Gray Scale Ultrasonography
Immediate Post Contrast on Characterization of Focal Liver
Lesions.” The underlying mechanism and possible impact to
clinical practice, however, are still unknown and need more
evidence for clarification.

Pancreas is another organ of interest for nonhepatic
CEUS that three related articles were presented in this
special issue. In the article “Utility of Contrast-Enhanced
Transabdominal Ultrasonography toDiagnose Early Chronic
Pancreatitis,” using the quantitative CEUS, the authors found
that the ratio of blood flow in the superior mesenteric artery
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and pancreatic parenchyma increased with the grade of
chronic pancreatitis and was significantly higher in patients
with chronic pancreatitis than in patients with early chronic
pancreatitis and control participants, which indicated that
CEUS may be a safe and convenient method for diagnosis
of early chronic pancreatitis. This attempt is interesting;
however, more evidence is needed to testify the conclu-
sion. In the article titled “Application of Contrast-Enhanced
Ultrasound in Cystic Pancreatic Lesions Using a Simpli-
fied Classification Diagnostic Criterion,” the cystic lesions
of the pancreas were classified into four simplified types:
type I unilocular cysts; type II microcystic lesions; type III
macrocystic lesions; and type IV cystic lesions with solid
components or irregular thickening of the cystic wall or
septa. The results of enhanced CT were considered the gold
standard. Finally, CEUS has obvious superiority over US in
the classification in cystic pancreatic lesions andCEUS results
showed substantial agreement with CT. The results indicated
that CEUS might be more accurate in the diagnosis of cystic
pancreatic lesions.This study is clinically relevant since more
and more cystic pancreatic lesions have been detected in
clinical practice due to the wide-spread application of mod-
ern imaging techniques and its management is sometimes a
dilemma. In the article of “Contrast-Enhanced Endoscopic
Ultrasonography for Pancreatic Tumors,” the authors found
that contrast-enhanced endoscopic ultrasonography could
be useful for distinguishing pancreatic cancer from other
solid pancreatic lesions and for histological differentiation of
pancreatic cancer. The information provided in this article is
also meaningful in clinical practice [4].

In the article of “Use of Contrast-Enhanced Ultrasound
(CEUS) to Study Relationship between Serum Uric Acid
and Renal Microvascular Perfusion in Diabetic Kidney
Disease,” the authors found that hyperuricemia in diabetic
kidney disease patients was associated with a renal ultra-
sound image suggestive of microvascular hyperperfusion.
The CEUS parameter AUC1 holds promise as an indicator
for renal microvascular hyperperfusion, while AUC2 might
be a useful indicator of declining glomerular filtration rate
in DKD patients with decreased excretion of uric acid. Thus,
CEUS might be an imaging marker for early diagnosis of
diabetic kidney disease. This result is meaningful since till
now there is no imaging method that can be used to depict
the hyperperfusion in early diabetic kidney diseases.

CEUS is also extensively involved in ultrasound-guided
intervention procedures in that CEUS is useful to guide punc-
ture and evaluate the treatment response. In the article titled
“The Role of Contrast-Enhanced Ultrasound in Selection
Indication and Improve Diagnosis for Transthoracic Biopsy
in Peripheral Pulmonary Lesions,” the authors used CEUS to
guide transthoracic biopsy for peripheral pulmonary lesions,
which yielded a high diagnostic success rate of 96.3% versus
80% for conventional US guidance.Therefore, CEUS is useful
to guide biopsy since it can avoid the areas of necrosis in the
lesions and more satisfactory specimens can be expected.

Some new techniques are also tentatively used together
with CEUS. In the article “Application of Combined Two-
Dimensional and Three-Dimensional Transvaginal Contrast

Enhanced Ultrasound in the Diagnosis of Endometrial Car-
cinoma,” the authors concluded that 3D-CEUS (i.e., combi-
nation of 3D ultrasound and CEUS) is a useful supplement
to 2D-CEUS, which may offer direct, accurate, and compre-
hensive diagnosis of early endometrial carcinoma. However,
the real impact of this new technique on clinical practice
needs more confirmation in future studies. The inter- and
intraobserver variability should also be evaluated.

Despite of the above-mentioned advances, in the level
of physics, the present CEUS technology is hard to suppress
all the tissue signals since the tissue can also generate non-
linear signals. On the other hand, it is found that the
tissue does not generate a subharmonic response (i.e., signal
at half the transmit frequency); thus, subharmonic imaging
has been proposed as a novel method for isolating ultrasound
microbubble signalswhile suppressing the surrounding tissue
signals. In the review article titled “Recent Experiences and
Advances in Contrast-Enhanced Subharmonic Ultrasound,”
the authors summarized recent advances in the use of
subharmonic imaging in vivo. It is anticipated that this new
technique may improve the signal-to-noise ratio compared
with the current CEUS technique, which will finally provide
more detailed information about the microcirculation in the
ROI and it has more potential in the future.

The contributions in this special issue illustrate the recent
advances in the area of CEUS. The results and the opinions
have enriched the understanding of CEUS, which is helpful
for clinical practice. It can be expected that CEUS may have
a more extended application in the future.

Hui-Xiong Xu
Hans Peter Weskott

Ji-Bin Liu
Rong-Qin Zheng
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Purpose. To investigate the relationship between uric acid and renal microvascular perfusion in diabetic kidney disease (DKD)
using contrast-enhanced ultrasound (CEUS) method. Materials and Methods. 79 DKD patients and 26 healthy volunteers were
enrolled. Renal function and urine protein markers were tested. DKD patients were subdivided into two groups including a normal
serum uric acid (SUA) group and a high SUA group. Contrast-enhanced ultrasound (CEUS) was performed, and low acoustic
power contrast-specific imaging was used for quantitative analysis. Results. Normal controls (NCs) had the highest levels of AUC,
AUC1, and AUC2. Compared to the normal SUA DKD group, high SUA DKD patients had significantly higher IMAX, AUC, and
AUC1 (𝑃 < 0.05). DKD patients with low urinary uric acid (UUA) excretion had significantly higher AUC2 compared to DKD
patients with normal UUA (𝑃 < 0.05). Conclusion. Hyperuricemia in DKD patients was associated with a renal ultrasound image
suggestive of microvascular hyperperfusion. The CEUS parameter AUC1 holds promise as an indicator for renal microvascular
hyperperfusion, while AUC2 might be a useful indicator of declining glomerular filtration rate in DKD patients with decreased
excretion of uric acid.

1. Introduction

Diabetic kidney disease (DKD) remains one of the most
common causes of chronic kidney disease (CKD) and end
stage of renal disease (ESRD), often associated with higher
prevalence of cardiovascular events and higher mortality and
morbidity [1, 2].

Recently, cumulative investigations have demonstrated
that serum uric acid is an important factor for progression
of DKD [3, 4]. During a 5-year follow-up period, Zoppini
et al. found that hyperuricemia was an independent risk
factor for the development of incident CKD in type 2 diabetic
patients [5]. It was also reported that lowering serum uric

acid could prevent early renal function loss in diabetes
[6]. Moreover, hyperuricemia is related to an increased risk
of macrovascular disease [7], coronary heart disease [8],
and atrial fibrillation [9] in DKD patients. Hyperuricemia
may cause endothelial dysfunction in CKD and diabetic
patients [10, 11]. All these data indicated that serum uric acid
was involved in endothelial dysfunction and renal vascular
disease. Hence, it is conceivable that serum uric acid may
be associated with the regulation of renal perfusion, which
warrants further investigation.

Unfortunately, there is a lack of tools for the direct moni-
toring of real-time changes of renal microvascular perfusion
in humans. Although, magnetic resonance imaging (MRI)
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could be used for renal perfusion evaluation [12, 13], its
application was limited because of the nephrogenic toxicity
of its contrast. Consequently, most of the experiments about
the relationship between uric acid and vascular function in
humans are based on in vitro studies or studies of nonrenal
macrovessels. Contrast-enhanced ultrasound (CEUS) uses
contrast agents consisting of tiny gas-filled microbubbles and
the size of red blood cells [14]. The microbubbles which
could be considered as red blood cell tracer agents would
diffuse into the blood, getmetabolized by the liver, and exhale
through the lungs [15]. Moreover, these agents could not be
filtered or secreted by the kidney, and there is no risk of
nephrotoxicity [16]. Thus, CEUS has been applied to diverse
renal evaluations, such as acute pyelonephritis, renal tumors,
cystic lesions, vascular insults, and renal transplantation [16,
17]. Our previous study had reported that CEUS parameters
such as AUC could be used for the diagnosis of the renal
microvascular damage in early and late stages of DKD
[18]. Moreover, we also validated the above findings in an
animal model [19]: we found that CEUS was useful for the
dynamic assessment of renal perfusion and it was associated
with changes in renal pathology. We propose applying the
CEUS technique to monitor the effects of uric acid on renal
microvascular perfusion in DKD.

2. Materials and Methods

2.1. Study Design and Patients Involved. 79 DKD patients
were recruited from the Department of Nephrology and
Rheu matology, Shanghai Tenth People’s Hospital, Tongji
University (China).The inclusion criteria were DKD patients
with estimated glomerular filtration rate (eGFR) > 30mL/
min/1.73m2. eGFR was calculated based on the modified-
MDRD equation [20]. DKD was confirmed according to US
Kidney Disease Outcome Quality Initiatives (K/DOQI)
guidelines (https://www.kidney.org/professionals/KDOQI/
guidelines commentaries). 26 healthy volunteers were enrol-
led as normal controls (NCs). The healthy adults had no
history of diabetes and kidney disease and had normal
blood glucose and serum creatinine level. Exclusion criteria
included non-DKDpatients, eGFR≤ 30mL/min/1.73m2, egg
allergy, severe heart, brain or pulmonary disease, pregnancy,
and those of age >80 year old. The recruitment of all sub-
jects was in accordance with institutional review board-
approved guidelines. Before examination of CEUS, all sub-
jects had blood drawn for blood urea nitrogen (BUN),
serum creatinine (SCr), and serum uric acid (SUA) tests
and had urine collection for detections of urine transfer-
rin (TRF), 𝛼1-microglobulin, 𝛼1-microglobulin/creatinine
ratio (𝛼1-MG/UCR), microalbumin (MALB), microalbu-
min/creatinine ratio (MALB/UCR), and retinol binding
protein (RBP). 24 h urine collections were used for uri-
nary urine acid and protein tests. Serum uric acid (SUA)
levels ≥360 𝜇mol/L (6mg/dL) in females and ≥420𝜇mol/L
(7mg/dL) in males were considered as high SUA; otherwise,
the levels were considered as normal SUA. Thus, DKD
patients were subdivided into 2 subgroups: normal SUA

group (𝑛 = 44) and high SUA group (𝑛 = 35). The charac-
teristics of the study groups are shown in Table 1.

2.2. CEUS. All imaging was performed in individuals whose
blood pressure was controlled within the range of 100–
140/60–90mmHg. The ultrasonographic device, GE Logiq
E9, was used, as follows. Both kidneys were scanned to
capture the kidney’s position, form, echo, and size (length
and width). In order to ensure the quality of display, the
probe frequency, gain, focus point, and scope were adjusted
over the area of kidney cortex and also oriented at the
coronal section of the kidneys. Each subject was instructed
to breathe normally. Doppler was applied for renal blood
flow test. SonoVue (Bracco, Italy) was prepared according
to the manufacturer’s instructions. After the contrast-specific
imaging mode was initiated, 1.2mL of the contrast agent
was administrated through the antecubital vein using a
20-gauge intravenous cannula (Venflon; Becton Dickinson,
Helsingborg, Sweden), followed by a 5mL flush of 0.9%
sodium chloride solution.While the contrast agent was being
injected, the largest section of the kidney was selected, and
echo changes from the kidneys were continuously captured
over 5 minutes. This is referred to as a real-time low acoustic
power contrast-specific imaging.

2.3. Image Analysis. SonoLiver software 1.1 from TomTec
Imaging Systems GmbH (Germany) was used for image
analysis. The analysis procedure is performed following the
instruction of the manufacturer. Simply, two regions of
interest (ROI) were defined, a reference ROI and an analysis
ROI.The reference ROI regionwas set at the 10-clock position
in each kidney image, and the analysis ROI region was set at
the 12-clock position in each image. The echo-power signals
at different times of perfusion were analyzed by the software
and summated to generate a perfusionmodel.Theparameters
derived from the perfusion model are showed in Figure 1,
including maximum intensity (IMAX, with respect to the
IMAX of the reference ROI), rise time (RT, independent of
the time of origin), time to peak (TTP), andmean transit time
(mTT, corresponding to the center of gravity of the perfusion
model). Then, the area under the perfusion curve (AUC) to
infinite time was calculated. AUC1 was defined as area under
the ascending curve, and AUC2 was defined as area under
the descending curve. To increase the accuracy, each analysis
was repeated two times. The final reported results of IMAX,
RT, TTP, mTT, and AUC represent the average value of each
parameter captured from both kidneys of each individual.

2.4. Statistical Analysis. Data with normal distribution were
expressed as mean ± SD, or as median (25%–75% interquar-
tile) if skewed distribution. Comparisons across the three
groups and between two groups were performed using the
Kruskal-Wallis test followed by the Mann-Whitney𝑈 test for
data with skewed distributions, or one way analysis of vari-
ance (ANOVA) followed by LSD test for normally distributed
data. Differences in gender distribution and hypertension
incidence among groups were analyzed using the chi-square
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Table 1: Characteristics with study groups§.

Parameters Normal control (NC) Diabetic kidney damage (DKD)
Normal SUA High SUA

Number 26 44 35
Age (year) 57.1 ± 6.4 59.9 ± 8.3 61.0 ± 10.4

Female (%) 50.0 (13/26) 52.3 (23/44) 65.7 (23/35)
BMI1 (kg/m2) 24.8 ± 5.3 26.0 ± 4.2 26.1 ± 5.1

Hypertension (%) 0∗ 81.8 (36/44) 88.6 (31/35)

eGFR2 (mL/min/1.73m2) 127.9 (108.1–139.1)∗ 81.79 (55.7–118.7) 54.70 (38.7–85.9)∗

CKD stage3 2.0 (1–3) 3 (2-3)∗

BUN4 (mmol/L) 5.20 (4.6–5.7)∗ 6.9 (5.7–8.3) 8.2 (6.6–11.2)∗

SCr5 (𝜇mol/L) 57.95 (52.5–65.7)∗ 85.6 (58.4–115.9) 119.3 (78.4–160.7)∗

SUA (𝜇mol/L) 255.19 ± 68.25
∗

314.5 ± 58.9


470.6 ± 80.1
∗

UUA6 (mmol/24 h) 3.1 ± 1.0 3.0 ± 1.3 2.5 ± 1.1
∗

Urine TRF7 (mg/L) 0.0 (0-0)∗ 9.0 (1.1–82.5) 18 (1.4–64.0)

𝛼1-MG/UCR8 (g/mol) 0.0 (0-0)∗ 3.2 (80–11.31) 4.05 (0–8.6)

MALB9 (mg/L) 13.75 (12.5–21.4)∗ 265.6 (67.9–495.9) 335.3 (121.1–576.5)

MALB/UCR10 (g/mol) 2.81 (2.3–4.0)∗ 40.04 (7.3–97.0) 59.90 (17.5–91.8)

Urine RBP11 (mg/L) 0.60 (0.5-0.6)∗ 2.6 (1.2–3.6) 2.8 (2.0–3.6)

Urine protein (g/24 h) 0.055 (0.03–0.09)∗ 0.57 (0.1–2.4) 1.0 (0.2–2.3)
§Values are represented asmean± standard error,median (25%–75% interquartile), or percentagewhere appropriate.SUA, serumuric acid. SUA≥360𝜇mol/L
(6mg/dL) in females and≥420 𝜇mol/L (7mg/dL) inmales are considered as high SUA; otherwise, the levels are considered as normal SUA. ∗𝑃 < 0.05, compared
to DKD patients with normal SUA; 𝑃 < 0.05, compared to normal control.
1BMI, body mass index; 2eGFR, estimated glomerular filtration rate; the calculation is based on the modified-MDRD equation; 3CKD stage, chronic kidney
disease stages are classified according to K/DOQI CKD guideline (https://www.kidney.org/professionals/KDOQI/guidelines commentaries); 4BUN, blood
urea nitrogen; 5SCr, serum creatinine; 6UUA, urinary uric acid; 7TRF, transferrin; 8𝛼1-MG/UCR, urinary 𝛼1-microglobulin/creatinine ratio; 9MALB, urinary
microalbumin; 10MALB/UCR, urinary microalbumin/creatinine ratio; 11RBP, retinol binding protein.

test. SPSS 18.0 (Chicago, IL, USA) was used for statistical
calculations. A value of 𝑃 < 0.05 was considered statistically
significant. GraphPad Prism 5.0 was used for area under
curve (AUC) analysis and graphics.

3. Results

3.1. Clinic Information about the Study Groups. As shown in
Table 1, there was no difference in the distribution of age,
gender, and body mass index (BMI) among all the groups.
Comparing to the normal controls (NCs), DKD patients had
decreased eGFR (𝑃 < 0.05) and increased levels (𝑃 < 0.05)
of blood urine nitrogen (BUN), serum creatinine (SCr), and
serum uric acid (SUA). Also, NCs had lower urine protein
markers than DKD patients (𝑃 < 0.05), including transfer-
rin (TRF), microalbumin (MALB), retinol binding protein
(RBP), 𝛼1-microglobulin (𝛼1-MG), and 24 h urine protein.
Compared to normal SUA group, DKD patients with high
SUA exhibited significantly increased BUN, SCr, and SUA
(𝑃 < 0.05) and decreased urinary uric acid (UUA) and eGFR
(𝑃 < 0.05) but similar excretion of urine protein markers and
hypertension incidence.

3.2. High Serum Uric Acid with Enhanced Renal Perfusion
in DKD. Representative serial contrast-enhancement images
captured from the NC, normal SUA, and high SUA DKD
groups are shown in Figure 2. All subjects were imaged

through 6 stages including “start to enhance,” “cortical
enhancement,” “cortical peak,” “started fading,” “continued
fading,” and “wash-out phase.” Individuals in normal SUA
and high SUA groups reached their “cortical peak” stages
faster than NC, and also they took less time to progress
into “wash-out” phase than the NC group, especially in
normal SUA group (Figure 2). The corresponding curves
according to the echo-power signal over the time-course
of perfusion are exhibited in Figure 3. Each curve has an
asymmetrical single-peak curve with an obvious ascending
slope, peak, and descending slope. NC had the largest area
under curve (AUC) among the three groups. The high SUA
DKD group had higher IMAX and larger area under curve
than normal SUA DKD group. Quantitative analysis of the
CEUS parameters (Table 2) showed that, when compared to
theDKDpatients, NC had significant higher levels (𝑃 < 0.05)
of AUC, AUC1, and AUC2. The high SUA DKD group had
significantly higher levels (𝑃 < 0.05) of IMAX, AUC, and
AUC1 compared to the normal SUA DKD group, but there
was no significant difference in AUC2 between these two
groups. Other parameters such as RT, TTP, and mTT were
similar among the three groups.

Since eGFR in the high SUA DKD group was signifi-
cantly decreased compared to that in the normal SUA DKD
group (median 54.7 versus 81.79mL/min/1.73m2, Table 1),
we further divided DKD patients into two subgroups based
on eGFR level including patients with eGFR ≥ 60 and
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Table 2: Ultrasound parameters in the different study groups§.

Parameters Normal control (NC) Diabetic kidney disease (DKD)
Normal SUA High SUA

Number 26 36 29
IMAX (%) 104.28 ± 21.63 97.13 ± 19.19 108.50 ± 17.72

∗

RT (s) 20.65 ± 6.17 17.92 ± 5.28 19.58 ± 5.89

TTP (s) 22.27 (15.4–31.0) 19.74 (15.2–26.2) 21.36 (16.6–28.6)
mTT (s) 88.54 ± 30.56 89.30 ± 28.08 91.70 ± 30.82

AUC 8351.81 ± 2153.28
∗

6832.63 ± 1497.06


7767.41 ± 1762.26
∗

AUC1 1795 (1439–2257)∗ 1148 (981.8–1396) 1411 (1056–1792)∗

AUC2 6549.82 ± 1924.37
∗

5646.39 ± 1282.94


6337.41 ± 1540.97

§Values are represented as mean ± standard error. SUA, serum uric acid. SUA ≥360 𝜇mol/L (6mg/dL) in females and ≥420 𝜇mol/L (7mg/dL) in males are
considered as high SUA; otherwise, they are considered as normal SUA. ∗𝑃 < 0.05, compared to DKD patients with normal SUA; 𝑃 < 0.05, compared to
normal control. Ultrasound parameters abbreviations used are as follows: IMAX, maximum intensity; RT, rise time; TTP, time to peak; mTT, mean transit
time; AUC, the area under the perfusion curve; AUC1, area under the ascending curve; AUC2, area under the descending curve.

Table 3: Ultrasound parameters of groups with different levels of eGFR§.

Parameters Normal control (NC) Diabetic kidney disease (DKD)
eGFR ⩾ 60mL/min/1.73m2 eGFR < 60mL/min/1.73m2

Number 26 29 36
IMAX (%) 104.28 ± 21.63 99.91 ± 18.92 105.05 ± 19.63

RT (s) 20.65 ± 6.17 19.67 ± 5.22 17.41 ± 5.83
Δ

TTP (s) 23.89 ± 9.05 19.68 ± 7.17 22.46 ± 6.79
Δ

mTT (s) 88.54 ± 30.56 88.88 ± 24.69 92.22 ± 34.21

AUC 8351.81 ± 2153.28
∗

7333.06 ± 1505.96


7146.19 ± 1885.03


AUC1 1795 (1439–2257)∗ 1355 (1103–1610) 1100 (988.3–1396)

AUC2 6549.82 ± 1924.37 5989.63 ± 1267.13 5911.31 ± 1641.76

§Values are represented as mean ± standard error for normal distributed data; otherwise, as median (25%–75% interquartile). ∗𝑃 < 0.05, compared to DKD
patients with normal SUA; 𝑃 < 0.05, compared to normal control. Ultrasound parameters abbreviations used are as follows: IMAX, maximum intensity; RT,
rise time; TTP, time to peak; mTT, mean transit time; AUC, the area under the perfusion curve; AUC1, area under the ascending curve; AUC2, area under the
descending curve.

patients with eGFR < 60mL/min/1.73m2 (Table 3). The clin-
ical characteristics of the subjects with different eGFR are
listed in Supplemental Table 1 available online at http://dx
.doi.org/10.1155/2014/732317: DKD patients with lower eGFR
(<60mL/min/1.73m2) had higher levels of urine proteins,
BUN, and SUA than higher eGFR patients (≥60mL/min/
1.73m2, 𝑃 < 0.05). As shown in Table 3, NC had higher level
of AUC and AUC1 than the other groups (𝑃 < 0.05), but
there were no differences in all the CEUS parameters between
DKD patients with eGFR ≥ 60mL/min/1.73m2 and patients
with eGFR < 60mL/min/1.73m2. These findings indicated
that eGFR did not have a major impact on the CEUS imaging
results within the DKD patients in this study.

3.3. Low Urinary Uric Acid with Decreased Clearance of
Renal Perfusion in DKD. In our study, NC had similar level
of UUA as normal SUA, but DKD patients in high SUA
group had significantly lower levels of UUA than the other
two groups (𝑃 < 0.05, Table 1). Thus, DKD patients were
further classified into normal UUA and low UUA group and
reanalyzed. The clinical characteristics of these two groups

with different excretion of UUA are listed in Supplemental
Table 2. Representative serial contrast-enhancement images
and curves in NC, normal UUA, and low UUA DKD groups
are shown in Figures 4 and 5. Quantitative analysis indicated
that DKD patients with low UUA had significantly higher
level of AUC, especially AUC2, than patients with normal
UUA (𝑃 < 0.05, Table 4). As before, AUC, AUC1, and AUC2
were increased significantly in NC compared to the other
groups (𝑃 < 0.05, Table 4). However, there was no difference
among DKD groups in IMAX, RT, TTP, and mTT (Table 4).
Moreover, eGFR in the lowUUA group (69.98±7.06) trended
to be lower than in normal UUA group (82.29 ± 6.08), but
the difference did not reach statistical significance (𝑃 >
0.05). The larger AUC, especially AUC2 in the low UUA
DKDpatients, together with their lower eGFR,may represent
stronger renal perfusion with decreased clearance.

4. Discussion

CEUS is a powerful imaging technology for the evaluation of
renal perfusion with safety and effectiveness [16, 18]. Due to
differences in blood volume of each kidney, different amounts
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Table 4: Ultrasound parameters in groups with different urinary uric acid excretion levels§.

Parameters Normal control (NC) Diabetic kidney damage (DKD)
Normal UUA Low UUA

Number 26 25 39
IMAX (%) 104.28 ± 21.63 100.39 ± 20.55 104.06 ± 16.98

RT (s) 20.65 ± 6.17 17.78 ± 5.40 19.77 ± 5.69

TTP (s) 23.89 ± 9.05 20.30 ± 7.07 22.26 ± 6.82

mTT (s) 88.54 ± 30.56 89.92 ± 30.45 92.02 ± 27.68

AUC 8351.81 ± 2153.28
∗

6880.87 ± 1724.24


7758.08 ± 1470.40
∗

AUC1 1795 (1439–2257)∗ 1175 (972.1–1416) 1352 (1062–1653)

AUC2 6549.82 ± 1924.37
∗

5662.69 ± 1498.92


6377.13 ± 1256.96
∗

§Values are represented as mean ± standard error for normal distributed data; otherwise, as median (25%–75% interquartile). UUA, urinary uric acid. UUA
<2.4mmol/24 h is considered as low UUA, and UUA 2.4∼5.9mmol/24 is considered as normal UUA. ∗𝑃 < 0.05, compared to DKD patients with normal
UUA; 𝑃 < 0.05, compared to normal control. Ultrasound parameters abbreviations used are as follows: IMAX, maximum intensity; RT, rise time; TTP, time
to peak; mTT, mean transit time; AUC, the area under the perfusion curve; AUC1, area under the ascending curve; AUC2, area under the descending curve.
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Time (s)

Ultrasound parameters derived from the perfusion model

Echo-power signal
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AUC1 (area under ascending curve)
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Figure 1: The parameters derived from the CEUS perfusion model.
These include maximum intensity (IMAX, with respect to IMAX of
the reference ROI), rise time (RT, independent of the time origin),
time to peak (TTP), and mean transit time (mTT, corresponding
to the center of gravity of the perfusion model). AUC (area under
curve) is divided into two parts including AUC1 (area under
ascending curve) and AUC2 (area under descending curve).

of contrast microbubbles permeate into the renal tissue,cor-
relating with different intensities of contrast-enhancement
signal [21]. In our study, all DKD patients had eGFR > 30mL/
min/1.73m2, whichmeant they had early tomoderate stage of
kidney disease. By quantitative analysis, we found that AUC,
AUC1, andAUC2 are decreased significantly inDKDpatients
(𝑃 < 0.05, Table 2). This means that the renal perfusion and
clearance ability in DKD patients was impaired compared
to NC. Typical pathological changes of diabetic nephropathy
include proliferation of extracellular matrix and destroyed
renal construction which could lead to declined renal filtra-
tion rate in developed disease. According to the results,
decreased AUC1 and AUC2 could reflect the decline of renal

filtration rate in early to moderated stage of DKD. These
findings confirm our previous study [18] indicating that
AUC could help to assess and diagnose renal microvascular
damage in DKD and also in resonance with Staub et al.’s work
[22].

It is interesting from this study that DKD patients with
high serum uric acid (SUA) had significantly higher levels
of IMAX, AUC, and especially AUC1 than normal SUA
DKD patients (Table 2). Moreover, when we looked at the
clinical data (Table 1), high SUA DKD patients exhibited
similar levels of various urine protein markers (such as
TRF, MALB, RBP, and 𝛼1-MG) but significantly decreased
eGFR and urinary uric acid (UUA) compared to normal
SUA patients (𝑃 < 0.05, Table 1). Urinary TRF and MALB
represent glomerular injuries [23, 24] and urine RBP and
𝛼1-MG represent renal tubular damages [25, 26]. Thus,
individuals in our DKD groups had obvious kidney injuries.
Since IMAX represented the perfusion intensity and AUC1
reflects the volume of renal perfusion, it is reasonable to posit
that high SUA may be associated with renal hyperperfusion
and decreased GFR in the early to moderate stage of DKD.
Previous research has established the connection between
hyperuricemia and DKD. A cohort study had shown that
serum uric acid (SUA) level is an independent risk factor for
renal dysfunction [27], especially in DKD [28]. A study of the
natural history ofDKDalso supported that SUA togetherwith
vascular comorbidities strongly indicated faster progression
of DKD [29]. The potential mechanisms responsible could
be endothelial dysfunction caused by hyperuricemia [30, 31].
Our study not only confirmed the association between high
SUA and decreased renal function ofDKD, but also suggested
that renal microvascular hyperperfusion may be a feature of
early to moderate renal dysfunction in DKD.

Our study also showed that DKD patients with low UUA
had significantly higher AUC, especially AUC2 when com-
pared to normal UUA DKD patients (𝑃 < 0.05, Table 4).
The clinical data (Supplemental Table 2) revealed that low
UUA patients seemed to have a trend of declined eGFR
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Figure 2: Representative serial contrast-enhancement images in groups. NC, normal control; SUA, serum uric acid; DKD, diabetic kidney
disease. All the subjects went through 6 stages including “start to enhance,” “cortical enhancement,” “cortical peak,” “started fading,” “continued
fading,” and “wash-out phase.” Individuals in normal SUA and high SUADKD groups reached their “cortical peak” stage faster than NC, and
also they took less time to progress into the “wash-out phase” than the NC group.

compared to normal UUA patient (median 64.38 versus
75.33mL/min/1.73m2), though not statistically different (𝑃 >
0.05, Supplemental Table 2). Since AUC2 represented the
clearance of renal perfusion, these results may suggest

decreased clearance of perfusion in DKD patients with low
UUA. Whether AUC2 could be a more sensitive indicator
than eGFR in tracking the decline of renal function warrants
systemic study. Moreover, our results revealed that low UUA
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Perfusion model in DKD with normal SUA group
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Perfusion model in DKD with high SUA group
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Figure 3: Representative CEUS perfusion curves according to the echo-power signal over the time-course of perfusion. NC, normal control;
SUA, normal serum uric acid; DKD, diabetic kidney disease. Each curve has an asymmetrical single-peak curve with an obvious ascending
slope, peak, and descending slope. NC had the largest area under curve (AUC) among the three groups.The high SUADKD group had higher
IMAX and larger area under curve than the normal SUA DKD group.

patients had higher excretion rate of urinary microalbumin
(𝑃 < 0.05) compared to normal UUApatients. Sincemicroal-
buminuria is a marker of endothelial dysfunction [32, 33],
low UUADKD patients may have underlying the glomerular
endothelial dysfunction. Thus, taking the data together, high
SUA was related to CEUS AUC1, but low UUA was related to
CEUS AUC2 in DKD patients.

Our previous study [18] reported that AUC could distin-
guishDKDpatientswithCKD 1 (eGFR> 90mL/min/1.73m2)
and 2 stages (eGFR 60–90mL/min/1.73m2) from CKD 4
(eGFR 15–30mL/min/1.73m2) and 5 stages (eGFR < 15mL/
min/1.73m2). Here, the present study failed to distinguish
DKD patients with different eGFR levels, which was different
from our previous study. It is possible that the present
study included intermediate CKD stage 3 patients (eGFR
30–60mL/min/1.73m2) are quite different from the previous
study. Thus, it is possible that CEUS may not be sensitive

enough in distinguishing CKD stage 3 patients from CKD
stage 1 to 2 patients with DKD.

In summary, uric acid may be associated with the
development of renal microvascular hyperperfusion in DKD.
The CEUS parameter AUC1 holds promise as an indicator
for renal microvascular hyperperfusion, while AUC2 may
hold promise as a predictor of declined glomerular filtration
rate in patients with decreased excretion of urinary uric
acid. However, these predictions warrant further validation.
CEUS provides us a real-time and dynamic platform for
investigating the effects of hyperuricemia on renal vascular
perfusion.

Supplementary Material

The clinical characteristics of groups with different eGFR and
urinary uric acid were revealed in Supplemental Tables.
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Figure 4: Representative serial contrast-enhancement images in groups. NC, normal control; UUA, urinary uric acid; DKD, diabetic kidney
disease. All the subjects went through 6 stages including “start to enhance,” “cortical enhancement,” “cortical peak,” “started fading,” “continued
fading,” and “wash-out phase.”The image of cortical peak in low UUADKD group was brighter than normal UUADKD, and low UUADKD
group reached the “wash-out phase” slower than the normal UUA DKD group but faster than the NC group.
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Perfusion model in DKD with normal UUA group
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Perfusion model in DKD with low UUA group
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Figure 5: Representative CEUS perfusion curves corresponding to the echo-power signal over the time-course of perfusion. NC, normal
control; UUA, normal urinary uric acid; DKD, diabetic kidney disease. The curves showed that NC group exhibited the largest curve among
the three groups, and low UUA DKD group had a larger perfusion curve than the normal UUA DKD group.
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Purpose. The purpose of this study was to establish the relationship between the grade of chronic pancreatitis (CP) and pancreatic
blood flow as measured by contrast-enhanced transabdominal ultrasonography (CEUS) and to diagnose early CP easily.Methods.
This pilot study was conducted in 8 patients with CP, 7 patients with early CP, and 6 control participants. After injecting 0.015mL/kg
of perflubutane by manual bolus, values in one region of interest (ROI) in pancreatic parenchyma and one ROI including the
superiormesenteric artery (SMA)weremeasured.Results.The ratio of blood flow in the SMA and pancreatic parenchyma increased
with grade of CP and was significantly higher in patients with CP (5.41; 2.10–11.02) than in patients with early CP (2.46; 1.41–5.05)
and control participants (2.32; 1.25–3.04) (𝑃 = 0.0279, 𝑃 = 0.0142, resp.). The ratio of blood flow in the SMA and pancreatic
parenchyma correlated with grade of CP (rs = 0.5904, 𝑃 = 0.0048). Conclusion. The ratio of blood flow correlates with grade of CP
on CEUS. This safe and convenient method may be useful to diagnose early CP.

1. Introduction

Chronic pancreatitis (CP) is characterized by two distinct
features: persistence of inflammation and progressive irre-
versible fibrosis [1]. Progression of CP leads to development
of diabetes mellitus and furthermore pancreatic cancer (PC)
[2]. Thus it is clinically important to make a diagnosis of CP
at an early stage to prevent its progression and complications.
Tomeet this need, the Japan Pancreas Society (JPS) proposed
a new concept called “early CP” in 2009 [3]. However, endo-
scopic ultrasonography (EUS) and/or endoscopic retrograde
cholangiopancreatography are required to diagnose early CP.
Recent studies have shown that vascularity on contrast-
enhanced transabdominal ultrasonography (CEUS) corre-
lates with the pathological grade of fibrosis in patients with
autoimmune pancreatitis and PC [4–7]. Previous studies have
also demonstrated that CP with advanced fibrosis is asso-
ciated with reduced blood vessel density and decreased

pancreatic blood flow [8–10]. Several studies have correlated
the grade of CP (degree of fibrosis) with decreased pancreatic
blood flow on dynamic contrast-enhanced magnetic reso-
nance imaging (MRI) [11, 12]. However, the utility of CEUS in
identifying degree of fibrosis in CP, especially early CP,
remains unclear.

We speculated that CEUS using perflubutane might play
a key role in classifying the grade of CP. The purpose of this
study was to establish the relationship between the grade of
CP and pancreatic blood flow as measured by CEUS.

2. Materials and Methods

This pilot study was conducted with a total of 21 participants
at EhimeUniversityHospital.We classified three categories of
CP, early CP, and control according to the criteria of CP pro-
posed by the JPS. The JPS defined that the criteria comprise
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(a) (b)

Figure 1: (a) Pancreatic parenchyma (arrow) is visualized together with the superior mesenteric artery (SMA, arrowhead). (b) We defined
one region of interest (ROI) in the pancreatic parenchyma and one ROI including the SMA.

six items: (i) characteristic imaging findings, (ii) characteris-
tic histological findings, (iii) repeated upper abdominal pain,
(iv) abnormal pancreatic enzyme levels in the serum or urine,
(v) abnormal pancreatic exocrine function, and (vi) contin-
uous heavy drinking of alcohol equivalent to or more than
80 g/day of pure ethanol. Definite and probable findings are
set for items (i) and (ii), and the standards are specified for (iv)
and (v). Patients with more than two items among (iii), (iv),
(v), and (vi) who show EUS or endoscopic retrograde cholan-
giopancreatography (ERCP) findings of early CP as well
are diagnosed with early CP [3]. Twenty-one patients were
comprised of 8 patients with CP, 7 patients with early CP, and
6 controls without pancreatic diseases, diabetes mellitus, and
alcohol dependency. CP or early CPwas diagnosed according
to the criteria proposed by the JPS as confirmed by existing
results from US, EUS, computed tomography (CT) or MRI,
and laboratory tests [3]. Informed consent was obtained from
each participant, and the study protocol conformed to the
ethical guidelines of the 1975 Declaration of Helsinki. The
study protocol was approved by the Local Ethics Commit-
tee at the Ehime University Graduate School of Medicine
(Approval ID number 1108003).

CEUS was performed by one operator (N.A.), a board-
certified fellow of the Japan Society of Ultrasonics in
Medicine, using a Preirus (Hitachi, Tokyo, Japan) and a
3.5MHz convex probe in all patients. The protocol for CEUS
examinationswas based onprevious reports [6, 13, 14]. First, it
wasmandatory that the pancreaswas visualized togetherwith
the superior mesenteric artery (SMA) (Figure 1(a)). Second,
0.015mL/kg body weight of perflubutane was injected as a
manual bolus, followed by a flush of 5.0mL of normal saline
solution using a 22G needle into an antecubital or cubital
vein. CEUS was conducted in harmonic imaging mode with
a low mechanical index (0.23) to avoid bubble disruption.
Third, we defined one region of interest (ROI) in pancreatic
parenchyma and one ROI including the SMA after the
examination. ROIs were selected within the visible area of
the pancreatic body. The area of the ROIs ranged from
0.11 to 0.15 cm2 (Figure 1(b)). Based on the data obtained,
maximum and minimum intensity of brightness (𝐼max and
𝐼min), time to arrival at 𝐼max (𝑇arr), and tilt to peak intensity

(𝑉 = (𝐼max − 𝐼min)/𝑇arr) were derived (Figures 2(a) and 2(b)).
We next calculated the ratio of 𝑉 for the SMA (𝑉SMA) to
𝑉 for the pancreatic parenchyma (𝑉panc) as 𝑉SMA/𝑉panc, and
differences between CP, early CP, and control groups were
compared. We then examined correlations between several
factors and 𝑉SMA/𝑉panc. We also evaluated the utility of using
𝑉SMA/𝑉panc to diagnose early CP.

Data collected also included body mass index (BMI),
body surface area, pancreatic volume/body surface area
(PV/BSA), serum amylase, serum lipase, LDL-cholesterol,
triglyceride, serum C-peptide immunoreactivity (CPR) lev-
els, HbA1c (NGSP), and pancreatic function diagnostant
(PFD) test.

All statistical analyses were performed using JMP for
Windows version 8 software (SAS International, Cary,
NC). Continuous variables were expressed as median and
ranges. Differences between two groups were analyzed using
Wilcoxon rank-sum test. Differences among three groups
were analyzed using the Kruskal-Wallis test. Categorical data
were analyzed using𝜒2 test. Correlations between grade ofCP
and 𝑉SMA/𝑉panc and between 𝑉SMA/𝑉panc and various vari-
ables were analyzed using nonparametric correlation coeffi-
cients (Spearman’s 𝜌). Two-tailed significance was defined in
all analyses as a value of 𝑃 < 0.05.

3. Results

3.1. Clinical Characteristics of Participants. Clinical charac-
teristics of participants with CP or early CP and controls
were shown in Table 1. No significant differences in age, sex,
BMI, or pancreatic volume/body surface area were apparent
among participants with CP, early CP, and controls. Serum
levels of amylase, lipase, LDL-cholesterol, triglyceride, CPR,
and HbA1c also were not significant. But PFD test was
significantly different among three groups (0.0474).

3.2. Comparison of
𝑝𝑎𝑛𝑐
𝐼
𝑚𝑎𝑥

,
𝑝𝑎𝑛𝑐
𝑇
𝑎𝑟𝑟

, and 𝑉
𝑝𝑎𝑛𝑐

according to
Grade of CP. 𝐼max for the pancreatic parenchyma ( panc𝐼max),
𝑇arr for the pancreatic parenchyma ( panc𝑇arr), and 𝑉panc
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Table 1: Clinical characteristics of participants.

Control
(𝑁 = 6)

Early chronic
pancreatitis
(𝑁 = 7)

Chronic pancreatitis
(𝑁 = 8) 𝑃

Age 61.5 (28–74) 66 (54–69) 58.5 (40–67) 0.0913∗

Sex (M : F) 5 : 1 5 : 2 8 : 0 0.2826∗∗

BMI (kg/m2) 21.4 (18.5–24.5) 21.2 (19.7–29.6) 20.8 (16.2–26.1) 0.9036∗

Body surface area (m2) 1.56 (1.47–1.92)
(𝑁 = 4)

1.64 (1.44–1.70)
(𝑁 = 7)

1.62 (1.51–1.79)
(𝑁 = 8) 0.6105∗

PV/BSA (cm2/m2) 38.83 (36.67–42.56)
(𝑁 = 3)

27.26 (18.94–46.38)
(𝑁 = 7)

19.23 (7.48–38.42)
(𝑁 = 8) 0.0879∗

Amylase (U/L) 100 (38–170) 105 (58–544) 66 (33–127) 0.1675∗

Lipase (U/L) 33 (27–52)
(𝑁 = 5)

48 (32–132)
(𝑁 = 7)

21 (10–121)
(𝑁 = 8) 0.0564∗

LDL-cholesterol (mg/dL) 125 (56–155) 92 (60–99) 65 (40–127) 0.0901∗

Triglyceride (mg/dL) 74 (41–206) 122 (54–399) 72 (39–177) 0.2596∗

Serum CPR (ng/mL) 1.28 (0.47–2.53) 2.02 (0.17–2.74) 1.55 (0.23–3.17) 0.4047∗

HbA1c (%: NGSP) 5.7 (5.3–6.0)
(𝑁 = 5)

5.9 (4.7–6.5)
(𝑁 = 7)

8.5 (5.4–9.4)
(𝑁 = 8) 0.0581∗

PFD test (%) 72.9 (69.6–75.4)
(𝑁 = 5)

71.6 (60.2–78.0)
(𝑁 = 7)

56.3 (18.7–72.7)
(𝑁 = 8) 0.0474∗

∗Kruskal-Wallis test, ∗∗𝜒2 test.
BMI: body mass index, BSA: body surface area, and PV: pancreatic volume.
CPR: C-peptide immunoreactivity and PFD: pancreatic function diagnostant.
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Figure 2: (a) Actual presentation of the time-intensity curve (TIC). (b) Schematic presentation of TIC. 𝐼max, maximum intensity of brightness;
𝐼min, minimum intensity of brightness; 𝑇arr, time to arrival at 𝐼max; 𝑉, tilt to peak intensity.

were compared among three groups (Table 2). No significant
differences in panc𝐼max, panc𝑇arr, and 𝑉panc were shown.

3.3. Comparison of 𝑉
𝑆𝑀𝐴
/𝑉
𝑝𝑎𝑛𝑐

according toGrade of CP. Val-
ues of𝑉SMA/𝑉panc increased according to the grade of CP and
were significantly different among three groups (𝑃 = 0.0209;
Table 3). 𝑉SMA/𝑉panc of CP were significantly higher than
those of early CP and control (𝑃 = 0.0279, 𝑃 = 0.0142, resp.).
Although values of 𝑉SMA/𝑉panc did not differ between early
CP and control (𝑃 = 0.6682), values of𝑉SMA/𝑉panc correlated

with the grade of CP (Spearman’s 𝜌: rs = 0.5904, 𝑃 = 0.0048;
Figure 3).

3.4. Correlation of 𝑉
𝑆𝑀𝐴
/𝑉
𝑝𝑎𝑛𝑐

and Various Variables. PFD
test was the only significant clinical characteristic factor
among three groups (Table 1). We investigated the relation-
ship between value of 𝑉SMA/𝑉panc and PFD test. However,
there was no correlation between two factors (Table 4). We
also examined the relationship between various variables and
value of 𝑉SMA/𝑉panc (Table 4), so that PV/BSA and HbA1c
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Table 2: Comparison of panc𝐼max, panc𝑇arr, and 𝑉panc according to grade of chronic pancreatitis.

Control
(𝑁 = 6)

Early chronic pancreatitis
(𝑁 = 7)

Chronic pancreatitis
(𝑁 = 8) 𝑃

∗

panc𝐼max (brightness) 113.8 (23.4–177.2) 94.8 (61.7–193.3) 111.2 (51.1–144.7) 0.7207

panc𝑇arr (sec) 4.82 (3.02–7.20) 4.90 (2.58–7.45) 5.15 (3.33–6.87) 0.6876
𝑉panc (brightness/sec) 22.28 (4.04–33.58) 11.40 (3.54–35.19) 10.27 (5.18–19.64) 0.4760
∗Kruskal-Wallis test.
panc𝐼max: 𝐼max for the pancreatic parenchyma and 𝐼max and 𝐼min: maximum and minimum intensity of brightness.
panc𝑇arr: time to arrival at 𝐼max of the pancreatic parenchyma and 𝑇arr: time to arrival at 𝐼max.
𝑉panc: 𝑉 for the pancreatic parenchyma, 𝑉 = (𝐼max − 𝐼min)/𝑇arr.

Table 3: Comparison of 𝑉SMA/𝑉panc according to grade of chronic pancreatitis.

Control
(𝑁 = 6)

Early chronic pancreatitis
(𝑁 = 7)

Chronic pancreatitis
(𝑁 = 8) 𝑃

∗

𝑉SMA/𝑉panc 2.32 (1.25–3.04) 2.46 (1.41–5.05) 5.41 (2.10–11.02) 0.0209
∗Kruskal-Wallis test.
𝑉SMA: 𝑉 for the superior mesenteric artery and 𝑉panc: 𝑉 for the pancreatic parenchyma.
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Figure 3: The value of 𝑉SMA/𝑉panc shows the ratio of 𝑉 for the
SMA to𝑉 for pancreatic parenchyma and increases according to the
grade of CP. Box contains values between 25th and 75th percentiles
of the value of 𝑉SMA/𝑉panc (central line, median). Vertical lines
representminimum andmaximum.Values were significantly higher
in patients with CP than in patients with early CP and controls
(𝑃 = 0.0279 and 𝑃 = 0.0142, resp.). The value of 𝑉SMA/𝑉panc also
correlated with the grade of CP (Spearman’s 𝜌: rs = 0.5904, 𝑃 =
0.0048).

were correlated with value of 𝑉SMA/𝑉panc (PV/BSA: rs =
0.7027, 𝑃 = 0.0008, HbA1c: rs = 0.4244, 𝑃 = 0.0134;
Table 4).

4. Discussion

We showed the ratio of blood flow observed by CEUS
correlated with progression of CP (Figure 3). Schilling et al.
reported that blood flow of the pancreas was significantly
diminished in patients with CP [9]. Similarly, a histological
study by Angelis et al. found that fibrosis of the pancreas

Table 4: Relationship between 𝑉SMA/𝑉panc and various variables.

rs 𝑃

Age 0.2146 0.0913∗

BMI (kg/m2) 0.0713 0.9822∗

Body surface area (m2) 0.0695 0.8866∗

PV/BSA (cm2/m2) 0.7027 0.0008∗

Amylase (U/L) 0.2316 0.1037∗

Lipase (U/L) 0.2841 0.2288∗

LDL-cholesterol (mg/dL) 0.1568 0.3331∗

Triglyceride (mg/dL) 0.1612 0.8165∗

Serum CPR (ng/mL) 0.0796 0.9688∗

HbA1c (%: NGSP) 0.4244 0.0134∗

PFD test (%) 0.3619 0.2156∗
∗Spearman’s 𝜌.
BMI: body mass index, BSA: body surface area, and PV: pancreatic volume.
CPR: C-peptide immunoreactivity and PFD: pancreatic function diagnos-
tant.

and changes in blood vessels were observed in 80–100% and
14–44% of patients with CP, respectively [8]. However, these
studies were conducted among patients with CP showing
advanced fibrosis and did not include cases of CP with mini-
mal fibrosis, namely, earlyCP.Whether these observations are
reproducible for early CP and whether decreased blood flow
as well as progression of fibrosis is occurring simultaneously
thus remain unclear. The concept of “early CP” was recently
proposed by the JPS, in a revision of the diagnostic criteria
for CP [3]. Early CP is now defined as a prestage of CP. We
demonstrated that blood flow in the pancreas decreases in a
stepwise manner concordant with these criteria, and CEUS
may thus offer a useful method to classify the degree of CP.

Second, we were indeed able to classify grade of CP by
CEUS into groups of CP, early CP, or control (Figure 3).
We demonstrated that𝑉SMA/𝑉panc values increased according
to the grade of CP. Values of 𝑉SMA/𝑉panc were significantly
higher in patients with CP than in patients with early CP
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and controls (𝑃 = 0.0279 and 𝑃 = 0.0142, resp.; Figure 3).
Furthermore, we showed that 𝑉SMA/𝑉panc correlated with
pancreatic volume/body surface area andHbA1c, althoughno
significant correlation was between𝑉SMA/𝑉panc and PFD test.
Serum levels of amylase, lipase, LDL-cholesterol, triglyceride,
and CPR also were not significant (Table 4). We speculated
that endocrine dysfunction of pancreas gradually decreases
according to reduction in pancreatic volume, but exocrine
dysfunction decreases suddenly. In this region, values of
𝑉SMA/𝑉panc were correlated with HbA1c but were not corre-
lated with PFD test.

We demonstrated that CEUS using perflubutane had the
potential to allow diagnosis of early CP. Although perflubu-
tane is a frequently used agent,mainly in the diagnosis of liver
tumors [13], two reports have shown the utility of this contrast
agent in the diagnosis of PC [6] and intraductal papillary
mucinous neoplasm [15]. Matsubara et al. also recently
showed the utility of perflubutane in the diagnosis of PC
using endoscopic ultrasound [14]. However, CEUS using per-
flubutane had never been studied in terms of the diagnosis of
CP or early CP. CP is a strong risk factor for PC, and the prog-
nosis of PC is extremely poor [2]. Detection of PC as early
as possible is thus desirable. However, no strategies to satisfy
this need have yet been devised. In the near feature, screening
program may be built because enclosure of the high risk
group of PC from an early stage is enabled according to
diagnosis of early CP using CEUS.

Several limitations of this study must be kept in mind
when interpreting the results. First, the number of partici-
pants was small. This may be why we were unable to show
any difference in 𝑉SMA/𝑉panc between patients with early CP
and CP. We should conduct a multicenter study. Second, this
method is not applicable for obese individuals, since observ-
ing both the pancreas and SMA simultaneously is frequently
difficult in such individuals. In contrast, the advantages of this
method were simplicity, safety, and convenience.

5. Conclusion

The ratio of blood flow on CEUS correlated with grade of CP.
This method is safe and convenient. However, larger studies
should be conducted in the future to confirm this potential.
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Objective. To investigate the value of contrast-enhanced ultrasound (CEUS) in transthoracic biopsy of peripheral lung and
mediastinal lesions. Methods. Of 142 patients, 82 patients received CEUS before biopsy and were defined as CEUS group. The
remaining 60 patients only underwent conventional ultrasound (US) before biopsy and were served as US group. The information
of CEUSwas used for selecting indication and instructing biopsy.The imaging features, number of punctures, diagnostic successful
rate, and complication rate between the two groups were compared. Results. Necrosis was demonstrated in 43.9% of the lesions in
CEUS group and in 6.7% of US group (𝑃 < 0.001). Detection rate of lesion hidden in pulmonary atelectasis in CEUS group was
13.4%, which was statistically higher than 1.7% of US group (𝑃 = 0.013).The diagnostic success rate was 96.3% for CEUS group and
80% for US group, respectively (𝑃 = 0.002). The average number of punctures was 2.5 ± 0.7 and 2.6 ± 0.6, respectively. There was
no significant difference in complications between CEUS group and US group. Conclusions. CEUS could play an important role in
selecting proper indication and improving diagnostic accuracy rate of lung biopsy.

1. Introduction

Lung cancer is one of the most threatening tumors in the
world, the morbidity and mortality of which are growing
rapidly in the past decades. Until now, there are still a signifi-
cant number of patients who died from lung cancer [1]. The
ultrasound-guided biopsy of peripheral lung lesions which is
convenient, safe, and repeatable gradually drawn great atten-
tions [2–4]. The accuracy of ultrasound-guided biopsy is
comparable to CT-guided biopsy [5]. However, it is still
difficult to find out more detailed information about tissue
structure from gray-scale and color Doppler ultrasound,
such as whether there is lesions hidden in atelectasis lungs,
whether there is necrosis within lesions or the area of
necrotic lesions. All these factorsmentioned abovemay cause
the possibility of inaccurate biopsy or false negative results
[6]. For the past few years, SonoVue, which is the repre-
sentative of a new generation of ultrasound contrast agents,
can characterize the microvascular perfusion within lesions

and can be gradually applied to the diagnosis of peripheral
lung lesions. Cao et al. [7] suggested that CEUS contributed to
identifying tumor tissues and necrotic tissues and to increas-
ing diagnostic rate of biopsy. In this study, we performed a
CEUS examination before each patient potential to receive
biopsy in order to select the proper indication. Then we
expected to further direct the puncture by CEUS and to
improve diagnostic accuracy rate.

2. Materials and Methods

2.1. Subjects and Methods. This study was approved by our
local ethics committee, and written informed consent was
obtained from each patient before theCEUS examination and
biopsy procedures.

2.2. Patient Population. From July 2011 to July 2013, 150
patients who were diagnosed as peripheral lung or medi-
astinal lesions by chest CT and were recommended for
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Table 1: Baseline characteristics of patients in the two groups.

Characteristic June 2012 to
July 2013

July 2011 to
May 2012

𝑃 value

Number of patients (𝑛) 90 60
Age (y) 59.0 ± 11.6 61.4 ± 14.1 0.273
Male/female (𝑛) 54/36 41/19 0.299
Lesion location

Pulmonary (𝑛) 74 49
0.415Mediastinum (𝑛) 10 4

Pleural (𝑛) 6 7
Malignant/benign (𝑛) 66/24 36/24 0.086
Values are mean ± SD where applicable.

ultrasound-guided transthoracic biopsy in our department
were enrolled in this study. Among them, 95 were males and
55 females and their age ranged from 21 to 80 years (median,
59 years old). Of the 150 patients, 60 who underwent biopsy
after conventional US examination (before June 2012) con-
stituted the US group, because the CEUS was not performed
for lung lesion until June 2012 in our department. The other
90 patients underwent CEUS before biopsy during June 2012
to July 2013. Among the 90 patients, 8 did not receive biopsy
after CEUS because of being not suitable for the procedure.
The remaining 82 patients constituted of CEUS group. All
the patients’ ages, male to female ratios, lesion locations, and
malignant to benign ratios were collected and there were
no statistically significant differences between the US and
CEUS groups. The baseline characteristics of the patients
were shown in Table 1.

2.3. Contrast Agent and Sonography Procedures. For the
CEUS group, patients underwent CEUS before biopsy. The
sonography contrast agent used was SonoVue (Bracco, Italy),
supplied as a lyophilized powder and reconstituted with 5mL
of saline to form a homogeneous microbubble suspension
that contains 8 𝜇L/mL of sulfur hexafluoride stabilized by a
phospholipid shell.Themeanmicrobubble diameter is 2.5𝜇m
with a pH value of 4.5∼7.5. SonoVue was administered IV as
2.4mL boluses through the antecubital vein in 2∼3 seconds.
CEUS was performed using the Logiq E9 sonography system
(GE,USA) with real-time gray-scale contrast tuned imaging
and a 3.0∼5.0MHz C5-1 probe (GE,USA).

With the reference of chest CT, conventional US was
performed to investigate the lesions’ size, location, and
sonographic features. Contrast-enhanced imaging was then
initiated, and the acoustic power output was adjusted to
about 0.11 to 0.13 mechanical index on the basis of the lesion
depth and body habitus of the patient. On contrast, agent
administration, the perfusion and enhancement patterns,
time to enhancement, and necrosis (anechoic) area of the
target lesions were continuously observed over 5 minutes.
The dynamic image was recorded on the hard disk of the
sonography machine. CEUS analysis was performed on the
basis of review of stored sonographic clips.

Finally, the biopsy puncture plan was established by col-
lecting the information of the lesions’ location, size, necrosis
area, pulmonary atelectasis, and pleural effusion.

2.4. Biopsy Indication and Method. The indication for ultra-
sound guided transthoracic biopsy of peripheral pulmonary
lesions was as follows: (1) accessibility of lesions via a
percutaneous approach with ultrasound; (2) lesion larger
than 1.5 cm in diameter and larger than 2 cm in deep location;
(3) lesion has at least 1.5 cm thickness of solid content; (4)
patients can well control breath; (5) international normalized
ratio was no greater than 1.6 and platelet count was greater
than 80000/L.

For the biopsy procedures in this study, sonography
system (Alpha 10, Aloka, Japan, and Logiq E9, GE, USA)
with 3.5∼5.0MHz small-sector convex probes accessorized
for biopsy was used for biopsy. Color Doppler imaging was
routinely used to delineate large vessels and abnormal arteries
so the operator could avoid puncturing them during biopsy.
All patients fasted for at least 8 hours before the procedure. In
the CEUS group, CEUSwas performed 30∼60minutes before
the biopsy, and the information was used for planning the
biopsy route and sampling site.

Biopsy was performed using an 18-gauge automatic
cutting needle (Bard Magnum, Bard, USA). After careful
planning, the skin was sterilized, and local anesthesia was
applied using 1% lidocaine (Liduokayin, Yimin). After the
probe was fixed and the guiding needle was inserted into the
chest wall, the biopsy needle was inserted for biopsy. Patients
were told to hold their breath when the needle was advanced
into or was withdrawn from the lung lesion. It should be
noted that the biopsy route should avoid penetrating aerated
lung or large vessels. The number of puncture attempts was
decided by the quantity and color of the specimen obtained.
The whole biopsy procedure was continuously monitored
using conventional US. The specimens obtained during the
biopsy were fixed in 10% formalin.

After biopsy, the puncture site was routinely checked for
active bleeding or other complications. The patient stayed in
the hospital for at least 1 hour after the procedure andwas told
to continue fasting for 4 hours after biopsy. The specimens
were sent to the pathology department for histologic and
cytologic examinations by two experienced pathologists.

2.5. Imaging Diagnosis. Information such as lesion size, loca-
tion, necrosis, and pulmonary atelectasis was recorded and
the difference between CEUS group and US group was com-
pared. Diagnosis of necrosis in CEUS group was determined
if CEUS showed the area in the lesion was complete absence
of enhancement during arterial phase andparenchymal phase
[8]. Diagnosis of necrosis in US group was determined
if conventional US showed that there was anechoic area
within lesions and clear boundaries, and CDFI showed no
blood flow within the anechoic area. Diagnosis of pulmonary
atelectasis in CEUS group was determined if CEUS showed
early and homogeneous enhancement and slow wash out
during parenchymal phase.The straight or branch-like tumor
vessels were displayed in the enhancement area [9]. Diagnosis
of pulmonary atelectasis in US group: conventional US
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Table 2: Not suitable for biopsy after CEUS examination in CEUS
group, % (𝑛).

Characteristic CEUS group
Total 8.9% (8/90)
Lung consolidation 37.5% (3/8)
Deep and smaller than 2 cm 25.0% (2/8)
Necrosis larger than 80% 37.5% (3/8)

showed the lesion was wedge-shape and iso-echoic, the tip
of lesion pointed to pulmonary hilus. Scattered air or liquid
bronchogram toward the peripheral parenchyma was visible,
and regular blood flow was demonstrated by CDFI [10, 11].
According to contrast enhanced CT, the detection rate for
necrosis and pulmonary atelectasis was decided in the two
groups.

2.6. Final Diagnosis. The final diagnosis was made as definite
diagnosis, descriptive diagnosis, and unable diagnosis based
on comprehensive diagnosis of all pathological specimens
from two experienced pathologists. Definite diagnosis was
considered correct if the pathologic diagnosis confirmed
malignancy. Benign diagnosis and descriptive diagnosis need
to be confirmed with other imaging examinations and one-
year followup. If the other imaging examination and followup
confirm the diagnosis, the diagnosis was considered correct.
It was considered a failure if no tissues or undeterminable
necrotic tissues were described in the descriptive diagnosis
(Figure 1).

2.7. Statistical Analysis. All analyses were performed using
SPSS 21.0 statistical analysis software (IBM, USA). Enumer-
ation data were given as mean ± SD and were analyzed with
an unpaired 𝑡 test. Categorical variables were analyzed with
Pearson 𝜒2 and Fisher exact tests. 𝑃 < 0.05 was considered
statistically significant.

3. Results

3.1. Biopsy Indication Selection with CEUS. Based on CEUS
finding, eight patients were considered nonsuitable for ultra-
sound guided transthoracic biopsy, including the fact that
three cases had the lesions bigger than 80% of the necrotic
(Figure 2), two patients had small tumors (the diameter was
less than 2 cm) located deeply behind the pulmonary atelec-
tasis, and three patients were diagnosed as consolidation
or atelectasis lungs. The results were summarized in Table
2. The diagnosis for these excluded cases was obtained by
other methods (surgery, CT guided puncture, or follow-up
visit for 12 months). Of them, three cases were lung con-
solidation, two cases were small cell carcinoma, two cases
were adenocarcinoma, and one case was squamous carci-
noma. Finally, the remaining 82 cases who received CEUS
and then biopsy were regarded as CEUS group.

3.2.The Final Diagnosis of the Two Groups. CEUS group con-
sisted of 82 cases.There were 61 casesmalignancies, including
23 cases of squamous carcinoma, 25 cases of adenocarcinoma,

Table 3: Final diagnosis of CEUS group and US group after biopsy.

Characteristics CEUS group US group
Malignant 61 36
Lung squamous carcinoma 23 16
Lung adenocarcinoma 25 13
Small cell carcinoma 6 3
Metastatic carcinoma 5 2
Neuroendocrine carcinoma 2 2

Benign 21 24
Inflammatory pseudotumor 6 8
Pneumonia with consolidation 7 6
Tuberculosis 3 3
Lymphoma 2 4
Thymoma 3 3

Total 82 60

6 cases of small cell carcinoma, 5 cases of metastatic carci-
noma, and 2 cases of neuroendocrine carcinoma. There were
21 cases of benign tumors, including 6 cases of inflammatory
pseudotumors, 7 cases of pneumonia consolidation, 3 cases of
tuberculosis, 2 cases of lymphoma, and 3 cases of thymoma.

In US group, there were 36 cases of malignancies, includ-
ing 16 cases of squamous carcinoma, 13 cases of adenocarci-
noma, 3 cases of small cell carcinoma, 2 cases of metastatic
carcinoma, and 2 cases of neuroendocrine carcinoma. There
were 24 cases of benign tumors, including 8 cases of inflam-
matory pseudotumors, 6 cases of pneumonia consolidations,
3 cases of tuberculosis, 4 cases of lymphomas, and 3 cases of
thymomas. The results were summarized in Table 3.

3.3. Comparison of Imaging Features between US Group and
CEUS Group. The size of tumors was 6.5 ± 2.8 cm and 6.7 ±
3.4 cm in CEUS group and US group and had no statistical
difference between these two groups. The minimum size of
tumors was 2.4 cm in CEUS group and 2.3 cm in US group.
The detectable rate of necrosis in CEUS group was 43.9%,
which was statistically higher than that of US group (6.7%,
𝑃 < 0.001). In CEUS group, necrosis with regular shape was
found in 5 cases of benign lesions (Figure 3), and necrosis
with irregular shape was found in 31 cases of malignant
lesions (Figure 4). In malignant lesions, the increased size
of lesions was accompanied by higher rate of necrosis. The
necrotic detection rate of CEUS group was 30% for lesions
less than 3 cm, 37.5% for lesions between 3 cm and 5 cm,
and 50% for lesions bigger than 5 cm. The detection rate of
lesion hidden in pulmonary atelectasiswas 13.4% in theCEUS
group, whichwas statistically higher than theUS group (1.7%,
𝑃 = 0.013) as shown in Table 4.

3.4. Comparison of Diagnostic Accuracy between CEUS Group
and US Group. Based on the final diagnosis, the diagnostic
accurate rate was 96.3% in CEUS group, which was statis-
tically higher than 80% of US group (𝑃 = 0.002). There
was no statistical difference in the diagnostic accurate rate of
lesions less than 3 cm between the two groups.The diagnostic
accurate rate of lesions between 3∼5 cm was slightly higher
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Figure 1: Flow chart shows algorithm for diagnosis of lung lesion.
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Figure 2: Images from a 61-year-old female with a cough and chest pain for 2 months. (a) B-mode sonogram showed a 3.8 × 2.9 cm lesion
(M) with hypoecho texture in inferior lobe of right lung. (b) CEUS obtained 12 seconds after administration of SonoVue showed a lesion
with complete absence of enhancement (M). (c) CEUS obtained 1 minute and 27 seconds after injection of SonoVue showed that the lesion
still had absence of enhancement (M). Biopsy was cancelled because no neoplasm was revealed on CEUS. CT scan conformed that the whole
lesion represented as necrosis tissue.

Table 4: Accuracy of biopsy diagnosis, pulmonary atelectasis, and necrosis detection rate in CEUS group and US group, % (𝑛).

Group Size (cm) Diagnosis accuracy Accompany
Total <3 cm 3∼5 cm >5 cm Atelectasis Necrosis

CEUS 6.5 ± 2.8 96.3%
(79/82)

100%
(10/10)

87.5%
(21/24)

100%
(48/48)

13.4%
(11/82)

43.9%
(36/82)

US 6.7 ± 3.4 80%
(48/60)

100%
(9/9)

77.8%
(7/9)

76.2%
(32/42)

1.7%
(1/60)

6.7%
(4/60)

𝑃 value 0.576 0.002 1.000 0.488 <0.001 0.013 <0.001
Therewas a statistically significant differences in the diagnosis accurate rate between theCEUS andUS groups (𝑃= 0.002) and statistically significant differences
in the atelectasis and necrosis detection rate between the two groups (𝑃 = 0.013, 𝑃 < 0.001). CEUS, contrast enhanced ultrasound; US, ultrasound.
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Figure 3: Images from a 68-year-old male with chest pain for a week. (a) B-mode sonogram showed a heterogeneous lesion (M) with air-
bronchogram in inferior lobe of right lung. (b) CEUS showed a regular necrosis (↑) in the center of lesion. (c) US-guided transthoracic
biopsy was performed after CEUS and biopsy was targeted in the enhanced area (↑) to avoid necrotic area. (d) Pathological result from biopsy
demonstrated a benign pulmonary inflammatory pseudotumor (hematoxylin-eosin, original magnification ×200).

Table 5: Post hoc analysis of a subgroup of 12 patients in the US
group with a false-negative diagnosis based on initial biopsy.

Final pathologic diagnosis No. of lesions
Necrotic tissue 4
Fibrous tissue with necrosis 2
Fibrous tissue and skeletal muscle tissue 3
Granulomatous inflammation with necrosis 1
Adipose tissue 2
Total 12

in CEUS group than that in US group, but there was no
statistical difference. However, the diagnostic accurate rate of
lesions bigger 5 cm was statistically higher in CEUS group
than that in US group (𝑃 < 0.001). This information was
shown in Table 4 and Figure 5.

3.5. Analysis of False-Negative Diagnosis in Conventional
Ultrasonography Group. We performed a post hoc analysis
on a subgroup of 12 patients in US group. These patients
showed a negative diagnosis for malignancy from the initial

biopsy but malignancy could not be excluded due to clinical
data or enhanced CT. Repeat biopsy was performed in these
patients to confirm the diagnosis. All of the 12 lesions were
diagnosed asmalignant at the second biopsy. Result of patho-
logical diagnosis for initial puncture was shown in Table 5.

3.6. Complication Rate and Puncture Attempts of Two Groups.
Theaverage number of punctures was 2.5±0.7 in CEUS group
and 2.6 ± 0.6 in US group, which meant that there was no
significant difference between these two groups (𝑃 = 0.462).
No serious complication or procedure related death occurred
in these two groups. One case had asymptomatic aerothorax
and one case had hemoptysis.The complication rate was 2.4%
in CEUS group and 3.3% in US group, which indicated that
there was no statistical difference between these two groups
(𝑃 = 1.000), as shown in Table 6.

4. Discussion

Recently, more attentions were paid to ultrasonography
technology because of the following advantages: real-time,
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Figure 4: Images from a 71-year-old male with a history of chest pain and hemoptysis. (a) B-mode sonogram showed a hypoecho lesion (M)
in middle lobe of right lung. (b) CEUS obtained 56 seconds after injection of SonoVue showed an irregular necrosis in the majority of lesions
(↑) and only small area (M) had slight enhancement in the border. (c) US-guided transthoracic biopsy punctured through the necrosis area
and targeted the enhanced area (↑). (d) Pathological result from biopsy demonstrated a poorly differentiated pulmonary adenocarcinoma
with necrosis (hematoxylin-eosin, original magnification ×200).

Table 6: Complication rate and puncture attempts in CEUS group
and US group.

Group Complication, % (𝑛) Puncture attempts

CEUS 2.4%
(2/82) 2.5 ± 0.7

US 3.3%
(2/60) 2.6 ± 0.6

𝑃 value 1.000 0.462
Values are mean ± SD where applicable. CEUS, contrast enhanced ultra-
sound; US, ultrasound.

convenience, flexibility, repeatability, and nonradiation. Con-
sidering the development of ultrasound guided transthoracic
puncture technology, higher accuracy of pathologic sampling
and less severe complication are achieved [12]. However, it is
difficult to identify benign or malignancy or whether there is
necrotic tissue within lesions by gray-scale and color Doppler
ultrasound [13, 14]. Ultrasonic contrast agent is blood pod
agent, which will not leak out of vessels. It is easier to display

the microvascular within lesions using contrast-enhanced
agent compared to CT scan [15–17].

Cao et al. [7] reported the initial result that puncture
diagnostic success rate was elevated by CEUS examination.
CEUS could show the necrotic area within lesions and
guide puncture biopsy to avoid necrotic area [18]. Our study
proposed that CEUS could not only sensitively showed the
inner structure of lesions, but also help to screen the biopsy
indication, then reduce unnecessary damage to patients.
After CEUS examination, necrosis more than 80% of lesions
was found in 3 cases. 2 lesions less than 2 cm were found
deeply in the atelectasis lung tissue. Three cases were diag-
nosed as consolidated lung tissue by CEUS. These patients
were excluded from invasive biopsy and all of them got final
diagnosis by other methods.

Görg et al. [19, 20] demonstrated that the blood supply of
lung lesion came from pulmonary artery if the enhancement
appeared before 10 s after administration of SonoVue. On
the other hand, if the enhancement appeared later than 10 s
after contrast agent injection, the blood supply of lung lesions
was indicated as bronchial arteries. These parameters could
be used to identify consolidated lung tissues and malignant
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Figure 5: Bar graph shows diagnostic accurate rate for CEUS group
(black) and US group (light gray) in lung lesions with different size.
There was statistically significant difference between CEUS group
and US group in diagnostic accurate rate of lung lesions >5.0 cm
(100% (𝑛 = 48/48) versus 76.2% (𝑛 = 32/42), 𝑃 = 0.002). The
diagnostic accurate rate of lung lesions 3.0∼5.0 cm in CEUS group
was higher than that in US group but had no significant difference
(87.5% (𝑛 = 21/24) versus 77.8% (𝑛 = 7/9), 𝑃 = 0.488). CEUS,
contrast enhanced ultrasound; US, ultrasound.

lesions. Di Vece et al. [21] considered that the enhancement
phase of primary lung cancer begun from bronchial arterial
phase. The strength of enhancement was lower than atelecta-
sis lungs, which was meaningful for the diagnosis of tumor
located in the atelectasis lungs. Consistent with the findings
of di Vece, the present study demonstrated that CEUS assess-
ment prior to biopsy increased the detectable rate of lesions
hidden in atelectasis lungs compared to US group (13.4% ver-
sus 1.7%, 𝑃 = 0.013). Compared to conventional ultrasound,
CEUS assessment prior to biopsy facilitated the detection of
pathologic characteristics of lesions, which provided impor-
tant information for selecting indication and improving the
success rate of biopsy.

It is known that the failure of puncture ismainly due to the
little amount of sample tissues or most of the sample tissues
are necrotic [22]. SinceCEUS could detect the necrotic tissues
in the lesions, CEUSwould improve the pathologic diagnostic
accuracy. In this study, the detectable rate of necrosis inCEUS
group was significantly higher than in US group (43.9%
versus 6.7%). Furthermore, the detectable rate of necrosis
in CEUS group was 30% for lesions less than 3 cm, 37.5% for
lesions between 3 cm∼5 cm, and 50% for lesions bigger than
5 cm. Necrotic tissues were easily found in the malignant
lesions and bigger tumors, which was consistent with the
report of Cao et al. [7].Thismay be related to the blood supply
of tumors: the growth of vasculatures could notmeet the need
of tumor for fast growth, and then necrosis tissues occurred.
Meanwhile, the inner necrotic area of malignant lesions
appeared to have irregular shape or uneven distribution
in 31 cases of the CEUS group. However, the necrotic area

of benign lesions appeared to have regular shape such as
quasicircular or oval shape with clear necrotic boundaries.
Therefore, CEUS should be applied to further assess the
necrotic tissues within lesions if CT, gray-scale ultrasound, or
X-ray examination indicated that there might be malignant
lesions.

Similar to the blood supply of liver, there are two systems
in the lungs: the pulmonary arteries and bronchial arteries.
The success rate and accuracy of puncture could significantly
be improved if the area with enhancement at bronchial
arteries is selected as the site of puncture. Pan et al. [23]
reported that the successful rate was related to the size of
lesions. Our study further demonstrated that, for the lesions
less than 3 cm, conventional ultrasound could achieve similar
diagnostic accuracy because of the low rate of necrosis. For
the bigger lesions (3–5 cm in diameter), although there was
no statistical difference, the CEUS assessment helped to
display whether there was necrotic tissue or consolidated
lung tissues within lesions, which enhanced the confidence of
doctors. For lesions bigger than 5 cm, CEUS assessment sig-
nificantly increased the diagnostic rate. Therefore, this study
demonstrated that the assessment of CEUS before biopsy was
recommended if the size of pulmonary lesion was bigger than
3 cm.

There were still some limitations in this study. First, the
two groups classified in this study were not randomized. We
divided the two groups in June 2012 as time point, because
CEUS was routinely used in peripheral lung lesions before
biopsy after this time. With the experience collected, the
biopsy success rate in later years tended to increase. Second,
either CEUS or US had difficulty to show deeply located lung
lesions through normal lung tissue. For the patients with
central type of lung tumor and without enough ultrasound
windows, CT scan was necessary to provide diagnostic
information. Third, although CEUS facilitated the accuracy
of puncture compared to conventional ultrasound, there
was high risk to guide the needle biopsy to deeply located
lesions. Cautions should be paid to CEUS guided puncture
for the lesions deeply located in the atelectasis lungs. Last, in
this study, the enhancement pattern for benign or malignant
lesions in CEUS group was overlapped in some cases; thus
CT scan should double check the benign lesions diagnosed
by CEUS and follow-up visit is necessary to avoidmisdiagno-
sis.

5. Conclusions

The CEUS assessment prior to biopsy easily detects the
lesions hidden within lung tissues and the necrotic lesions,
which provides useful information to screen puncture indi-
cation and guide the biopsy in the right way. Compared to
the conventional ultrasound, CEUS assessment facilitates the
success rate of puncture, whichmakes it clinically valuable for
the transthoracic puncture biopsy.
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Objectives. To investigate the usefulness of contrast-enhanced endoscopic ultrasonography (CE-EUS) for histological differentiation
of pancreatic tumors. Methods. CE-EUS was performed for consecutive patients having a pancreatic solid lesion, and tumors
were classified into three vascular patterns (hypervascular, isovascular, and hypovascular) at two time phases (early-phase and
late-phase). Correlation between vascular patterns and histopathology of resected pancreatic cancer (PC) tissues was ascertained.
Results. The final diagnoses of 147 examined tumors were PC (𝑛 = 109), inflammatory mass (𝑛 = 11), autoimmune pancreatitis
(𝑛 = 9), neuroendocrine tumor (𝑛 = 8), and others (𝑛 = 10). In late-phase images, 104 of 109 PCs had the hypovascular
pattern, for a diagnostic sensitivity and specificity of 94% and 71%, respectively. Of 28 resected PCs, 10 had isovascular, and 18
hypovascular, patterns on the early-phase image. Early-phase isovascular PCs were more likely to be differentiated than were early-
phase hypovascular PCs (6 well and 4moderately differentiated versus 3 well, 14 moderately, and 1 poorly differentiated, 𝑃 = 0.028).
Immunostaining revealed that hypovascular areas of early-phase images reflected heterogeneous tumor cells with fibrous tissue,
necrosis, and few vessels. Conclusion. CE-EUS could be useful for distinguishing PC from other solid pancreatic lesions and for
histological differentiation of PCs.

1. Introduction

Pancreatic cancer (PC) carries dismal prognosis with a 5-
year overall survival rate of 6% [1]. The incidence of PC
has increased steadily over the last four decades; it is the
fourth leading cause of cancer mortality in the USA and
was responsible for an estimated 37,390 deaths in 2012 [1].
Even with recent advances in diagnostic imaging technology,
most cases of PC are only discovered at an unresectable stage,
when prognosis is poor and the 5-year survival rate is 2%
[1]. Endoscopic ultrasonography (EUS) is thought to be one
of the most reliable and efficient diagnostic modalities for
pancreatobiliary diseases because of its superiority to any
other modalities with respect to spatial resolution [2, 3].

Despite its ability to detect small pancreatic lesions with
high sensitivity, EUS alone has limitations in distinguishing
PC from nonneoplastic pancreatic masses, because most
pancreatic solid lesions are depicted as a hypoechoic mass
regardless of histology [4].

To date, diagnosis of PC has been made with tissues
obtained by EUS-guided fine-needle aspiration (FNA). How-
ever, there are cases where the diagnosis is still difficult with
EUS-FNA because the aspirate contains insufficient tumor
material; and there are contraindications to EUS-FNA, such
as concurrent coagulopathy. Moreover, EUS-FNA poses the
risk of seeding tumor cells and bleeding. Therefore, develop-
ment of alternatives to FNA as a modality for differentiating
PC from other pathological lesions is eagerly anticipated.
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Contrast-enhanced-EUS (CE-EUS) detects signals from
microbubbles produced by intravenously administered con-
trast agents and filters signals originating from tissues, by
selectively detecting harmonic components. This technology
can detect signals from microbubbles in vessels having very
slow flow without Doppler-related artifacts and is used
to characterize vascularity [5, 6]. Kitano et al. reported
the largest series of 277 patients with a solid pancreatic
lesion who underwent CE-EUS. CE-EUS-depicted hypoen-
hancement with Sonazoid (Daiichi Sankyo Co. Ltd., Tokyo,
Japan) diagnosed PC with a sensitivity and specificity of
95% and 89%, respectively. When compared with multide-
tector contrast-enhanced computed tomography (CT), CE-
EUS yielded a significantly higher accuracy in diagnosing
pancreatic adenocarcinomas that were less than 2 cm in size,
with a sensitivity and specificity of 91% and 94%, respectively
[7].

We previously reported that tumor vascularity visualized
on CE-EUS enabled differentiation of mural nodules from
mucous clots in intraductal papillary mucinous neoplasms
of the pancreas [8] and prediction of chemotherapy effi-
cacy in PC patients [9]. Thus, CE-EUS can noninvasively
evaluate pancreatic tumors to some extent. However, nei-
ther CE-EUS findings for tumors other than PC nor the
correlation between images of CE-EUS and histology of
PCs has been fully evaluated, to our knowledge, although
contrast-enhanced ultrasonography (CE-US) has been used
for estimation of histological differentiation of hepatocellular
carcinoma [10].

In this study, therefore, CE-EUS was performed for
consecutive patients with a pancreatic solid lesion, and CE-
EUS findings for PC and other pathological lesions were
examined. Moreover, CE-EUS images were compared with
histology findings, including immunostaining, of PCs after
surgical resection.

2. Materials and Methods

2.1. Patients. Between February 2009 and July 2013, we per-
formed B-mode EUS and CE-EUS for consecutive patients
having a pancreatic solid lesion found on CT or magnetic
resonance imaging (MRI). Tumors with a cystic component
greater than 50% of the total lesion volume were not eligible
for enrollment in this study. In total, 147 patients underwent
the study procedures during the designated period. The final
diagnoses were determined by histopathological examination
of specimens obtained by surgery, EUS-FNA, or biopsy of
liver metastases. The diagnosis of autoimmune pancreatitis
(AIP) was based on the international consensus diagnostic
criteria for AIP [11]. Histology of PC of the patients who
underwent surgical resection was classified as well-, mod-
erately, or poorly differentiated adenocarcinoma according
to World Health organization criteria [12]. All histological
evaluations were performed by the same board-certified
pathologist.

This study was approved by the ethics committee of
Wakayama Medical University and informed consent was
obtained from each patient.

2.2. EUS Procedure. Electronic radial-type and convex-
type endoscopes (GF-UE260-AL5, GF-UCT260; Olympus,
Tokyo, Japan) with ultrasound observation systems (ALOKA
ProSound SSD 𝛼-10; Aloka Co. Ltd, Tokyo, Japan) were
used. The ultrasound system employed the extended pure
harmonic detection method with the mechanical index set
at 0.35. EUS was performed in the left lateral position
under diazepam-induced sedation with heart rate monitor-
ing.

To perform CE-EUS, Sonazoid, which is a second-
generation ultrasonography contrast agent composed of per-
fluorobutane microbubbles with a median diameter of 2-
3 𝜇m [13], was used. After reconstitution with 2mL of sterile
water for injection, 0.7mL of the agent was administered
through a peripheral vein. The underlying principles of
contrast harmonic imaging are as follows: when exposed to
ultrasound beams, microbubbles in the contrast agent are
disrupted or resonate and release many harmonic signals
[14]. When tissue and microbubbles receive the transmitted
ultrasound waves, both produce harmonic components that
are integer multiples of the fundamental frequency; the
harmonic components from the microbubbles are higher
than those from the tissue. Selective depiction of the second
harmonic component visualizes signals from microbubbles
more strongly than those from tissue [15].

After a bolus infusion of the contrast agent was adminis-
tered, vascular patterns were continuously monitored in real
time. Vascular patterns at two time phases were assessed:
0–15 seconds (early-phase images) and 30–60 seconds (late-
phase images) after the injection. All clips were stored in the
hard disk of the scanner for offline investigation. Vascular
patterns of tumors, as contrasted with those of the sur-
rounding pancreatic tissue, were determined and classified
as hypovascular, isovascular, or hypervascular, for both early-
phase and late-phase images (Figure 1). The evaluations were
made on-site by two physicians, each having at least 5 years
of EUS experience.

2.3. Histological Analysis. Histopathological analysis of
resected PCs was performed by staining tissue sections
with H & E, elastica van Gieson, and Masson trichrome.
Immunohistochemical staining by the Envision polymer
method was performed to detect cytokeratin using AE1/AE3
(mouse monoclonal, prediluted; Nichirei, Tokyo, Japan)
as the primary antibody and the autoimmunostainer
histostainer 48A (Nichirei, Tokyo, Japan), according to the
manufacturer’s instructions.

2.4. Statistical Analysis. TheMcNemar test was used to evalu-
ate the correlation between vascular pattern as determined by
CE-EUS and the extent of histopathological differentiation.
A difference was considered significant when the 𝑃 value was
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Figure 1: Evaluation of vascular pattern by contrast-enhanced endoscopic ultrasonography (CE-EUS). A representative case of tumors with
hypervascular pattern: pancreatic lesion was detected as a low echoic lesion (arrow) with B-mode EUS (a). CE-EUS detected a pancreatic
lesion with hyperintensity of enhancement (arrow) as compared to that of surrounding pancreatic tissue (b). A representative case of tumors
with isovascular pattern: pancreatic lesion was detected as a low echoic lesion (arrow) with B-mode EUS (c). CE-EUS detected a pancreatic
lesion with isointensity of enhancement (arrow) as compared to that of surrounding pancreatic tissue (d). A representative case of tumors
with hypovascular pattern: pancreatic lesion was detected as a low echoic lesion (arrow) with B-mode EUS (e). CE-EUS detected a pancreatic
lesion with hypo-intensity of enhancement (arrow) as compared to that of surrounding pancreatic tissue (f).
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Table 1: Patient characteristics.

Characteristic Value
Median age (range), years 69 (32–91)
Sex (male : female) 92 : 55
Median size of lesions (range), mm 30 (8–107)
Final diagnosis

Pancreatic cancer 109
Acinar cell carcinoma 2
Inflammatory mass 11
Neuroendocrine tumor 8
Autoimmune pancreatitis 9
Invasive intraductal papillary mucinous carcinoma 5
Metastasis 2
Intraductal tubular tumor 1

less than 0.05. Statistical analysis was performed with SPSS
software (version 11) (SPSS, Chicago, IL, USA).

3. Results

A total of 147 patients with a solid pancreatic lesion were
examined (92 males, 55 females; median age 69 years, range
32–91 years). Average lesion size was 30mm (range, 8–
107mm). The final diagnoses of the lesions were as follows:
PC (𝑛 = 109); acinar cell carcinoma (𝑛 = 2); inflammatory
mass (𝑛 = 11); neuroendocrine tumor (NET) (𝑛 = 8); AIP
(𝑛 = 9); invasive intraductal papillary mucinous carcinoma
(IPMC) (𝑛 = 5); metastatic lesions (𝑛 = 2: lung cancer 1,
melanoma 1); and intraductal tubular tumor (ITT) (𝑛 = 1)
(Table 1).

The echo images on B-mode EUS were isoechoic (𝑛 = 6)
or hypoechoic (𝑛 = 141) (Table 2). The vascular patterns of
CE-EUS early-phase and late-phase images for 147 pancreatic
solid lesions are also shown in Table 2. With regard to late-
phase images, 102 of 109 (94%) PCs had the hypovascular
pattern, compared to 11 of the remaining 38 (29%) non-
PC lesions. The hypervascular pattern was observed in NET
tumors only (5/8, 63%) (Table 2). Detection of the hypovas-
cular pattern in the CE-EUS late-phase image diagnosed PC
with sensitivity, specificity, and accuracy of 94%, 71%, and
88%, respectively.

Most non-PC tumors did not have differences in the vas-
cular pattern between the early-phase and late-phase images
(patterns unchanged: 34/38, 89%). In contrast, although the
majority of PCs had the hypovascular pattern in late-phase
images, early-phase images of PCs were clearly divided into
two groups: 40 had the isovascular pattern with homoge-
neous enhancement, and 69 had the hypovascular pattern
with heterogeneous enhancement. The histological differen-
tiation of 28 surgically resected PCswas evaluated in compar-
ison with their early-phase images. Of the 10 PCs having iso-
vascular early-phase images, 6 (60%) were well-differentiated

tubular adenocarcinoma and 4 (40%) were moderately dif-
ferentiated tubular adenocarcinoma. In contrast, 18 PCs
having hypovascular early-phase images included 3 (17%)
well-differentiated adenocarcinomas, 14 (78%) moderately
differentiated adenocarcinomas, and 1 poorly differentiated
adenocarcinoma. The degree of vascularity detected on the
CE-EUS early-phase image was significantly correlated with
the histological differentiation of PCs (𝑃 = 0.028) (Table 3).

We next assessed what histology was reflected by the
isovascular and hypovascular areas on early-phase images
by immunostaining of tissue sections of the resected PCs.
Elastica van Gieson, Masson trichrome, and cytokeratin
staining revealed that isovascular areas in early-phase images
correlated with areas of homogeneous tumor cells with
abundant vessels and without fibrous tissues (Figure 2); on
the other hand, hypovascular areas reflected areas of hetero-
geneous tumor cells with fibrous tissue, necrosis, and few
vessels (Figure 3).

4. Discussion

In this study, we performed CE-EUS for consecutive patients
with a solid pancreatic tumor. Because a large portion of
pancreatic tumors detected on CT or MRI were PC, our data
are mostly from PC, similar to previous reports [4, 7, 16, 17].
Although the usefulness of CE-EUS for diagnosis of PC has
been reported previously, the current study had several strong
points. First, several kinds of tumors (or pseudotumors)
other than PC were examined, and characteristics of CE-
EUS images of those relatively rare, but clinically important,
tumors were shown. Next, we analyzed CE-EUS images at
two time points to obtain early-phase and late-phase images.
Previous reports analyzed late-phase images alone, and the
information has been limited. Addition of analysis of early-
phase, and the combination of early-phase and late-phase,
images revealed novel aspects of the potential usefulness of
CE-EUS for pancreatic tumor patients. Lastly, correlation of
CE-EUS images with histopathology of resected PC speci-
mens was found. Analysis of early-phase images enabled the
clinically relevant comparison between CE-EUS images and
PC histology.

CE-EUS images of themajority of the diagnosedPCswere
found to have a hypovascular pattern and lower intensity of
enhancement relative to the surrounding pancreatic tissue.
Yamashita et al. reported that CE-EUS-depicted hypoen-
hancement with Sonazoid diagnosed PC with a sensitivity
and specificity of 95% and 89%, respectively [8]. Three
other groups [4, 16, 17] reported that CE-EUS with SonoVue
(sulfur hexafluoride MBs, Bracco, Italy) could be used to
diagnose PCs with high sensitivity (93%, 89%, and 96%,
resp.). SonoVue and Sonazoid are the most commonly used
contrast agents in recent studies.The two ultrasound contrast
agents differ in terms of intensities and durations of signal-
ing after infusion. CE-EUS images obtained with SonoVue
disappear within 60 seconds, which limits the duration of
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Table 2: Comparison of contrast-enhanced endoscopic ultrasonography and final diagnosis.

Pancreatic cancer
(𝑛 = 109)

Inflammatory
mass

(𝑛 = 11)

NET
(𝑛 = 8)

AIP
(𝑛 = 9)

Invasive IPMC
(𝑛 = 5)

Metastatic
lesion
(𝑛 = 2)

ITT
(𝑛 = 1)

Acinar cell
carcinoma
(𝑛 = 2)

B-mode EUS
Hypoechoic 105 11 7 9 5 2 0 2
Isoechoic 4 0 1 0 0 0 1 0

CE-EUS
Early-phase image
Hypovascular pattern 69 3 0 1 3 1 0 0
Isovascular pattern 40 8 2 8 2 1 1 2
Hypervascular pattern 6

Late-phase image
Hypovascular pattern 102 3 1 1 3 2 1 0
Isovascular pattern 7 8 2 8 2 0 0 2
Hypervascular pattern 5

NET, neuroendocrine tumor; AIP, autoimmune pancreatitis; IPMC, intraductal papillary mucinous carcinoma; ITT, intraductal tubular tumor; EUS,
endoscopic ultrasonography; CE-EUS, contrast-enhanced endoscopic ultrasonography.

Table 3: Correlation between vascular pattern on early-phase contrast-enhanced endoscopic ultrasonography image and histological
differentiation of pancreatic cancers.

Isovascular pattern in early- phase Hypovascular pattern in early-phase
Pathological finding

Well 6 3
Moderate 4 14
Poor 0 1

𝑃 = 0.028

Well, well-differentiated tubular adenocarcinoma; moderate, moderately differentiated tubular adenocarcinoma; poor, poorly differentiated carcinoma.

observation. In contrast, after infusion of Sonazoid, late-
phase can be observed throughout the pancreas for at least 90
seconds.Thus, the longer-lasting effect of Sonazoid improves
the observation of the pancreas by CE-EUS [8]. In our
study with Sonazoid, the sensitivity and specificity of CE-
EUS for PC were 94% and 71%, respectively, which were
equivalent to the values of the previous report.Moreover, PCs
having the isovascular pattern in early-phase images were
likely to develop the hypovascular pattern in the late-phase,
while non-PC tumors having the isovascular early-phase
patternwere not likely to change during the late-phase (image
changed, 83% versus 13%, 𝑃 < 0.01). This information could
help clinicians narrow the differential diagnosis of pancreatic
lesions.

As for CE-EUS images of pancreatic tumors (or pseu-
dotumors) other than PC, Kitano et al. reported that 36
of 46 (78%) of inflammatory masses had the isovascular
pattern, while 15 of 19 (78%) NETs had the hypervascular
pattern [7]. Matsubara et al. defined AIP and inflammatory
mass as inflammatory pancreatic pseudotumor (IPPT) and
reported that 21 of 27 (78%) IPPTs (AIP, 14; inflammatory
mass, 13) had the isovascular pattern [18]. In our study, similar
results were obtained: 8 of 11 (72%) inflammatory masses
and 8 of 9 (89%) AIPs were isovascular; and 5 of 8 (63%)

NETs were hypervascular. To our knowledge, this is the first
study to demonstrateCE-EUS vascular patterns for acinar cell
carcinoma and ITT.However, because the numbers of tumors
examined were small, further studies are required to confirm
these results. As mentioned above, the unchanged nature of
early-phase and late-phase CE-EUS images was one of the
characteristics of non-PC tumors in this study.

The highlight of this study was the original finding that
PCs clearly divided into isovascular or hypovascular patterns
on early-phase CE-EUS images. Moreover, this difference
reflected the degree of histological differentiation of the PC.
Assessment of histological differentiation impacts clinical
care because histologic poorly differentiated adenocarcinoma
has been recognized largely as an independent, poor prog-
nostic factor for PC [19]. The long-lasting effect of Sonazoid
revealed these new findings. In future studies, the correlation
among early-phase CE-EUS images, histological differentia-
tion of tumors, and clinical characteristics of PCs, including
chemosensitivity and prognosis, should be elucidated.

Special staining and immunostaining showed what his-
tology CE-EUS early-phase images reflected. The hypovas-
cular pattern corresponded with heterogeneous tumor cells
with necrotic tissue, fibrous tissue, and few vessels, while
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Figure 2: Correlation of early-phase CE-EUS findings (b) and staining data in serial sections of resected pancreatic cancer tissue (c–f): a
case of the isovascular tumor. (a) Pancreatic lesion was detected as a low echoic lesion (arrow) with B-mode EUS. (b) Early-phase CE-EUS
image reveals isovascular tumor (arrow) with homogeneous enhancement. (c) Resected tumor specimen (arrow) without necrotic tissue:
hematoxylin-eosin staining (original magnification ×1). (d) Cytokeratin staining revealed that the isovascular area on CE-EUSwas composed
of a homogeneous population of tumor cells (original magnification ×1). (e) Masson trichrome staining showed no fibrous tissues in the
area (arrow) (original magnification ×1). (f) Homogeneous area of abundant vessels was observed on elastica van Gieson staining (original
magnification ×1).

the isovascular pattern corresponded with homogeneous
tumor cells with abundant vessels and no necrotic or fibrous
tissues. These findings would be relevant for the noninvasive
evaluation of biological features of PC as well as non-PC
tumors and may develop further indications for use of CE-
EUS and the contrast agent in the field other than PC.
Moreover, the results may be helpful in current clinical
settings involving EUS-FNA assessment. Diagnosing tumors
with heterogeneous cells and necrotic tissues by EUS-FNA
would be unsuccessful. CE-EUS early-phase images may
identify tumors which are difficult to assess by EUS-FNA. In

fact, in our experience of 61 EUS-FNA procedures, all 8 cases
inwhich diagnosis was not possible from the obtained sample
exhibited the hypovascular pattern.

A major limitation of this study was the small number of
resected PCs enrolled. More substantive analyses, such as the
correlation between CE-EUS images and clinical outcomes of
PC, should be performed using a larger number of surgically
resected tumors.

In conclusion, evaluation of vascularity by CE-EUS was
useful for differentiating PCs from other solid pancreatic
lesions and for the histological evaluation of PCs. More
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Figure 3: Correlation of early-phase CE-EUS findings (b) and staining data of serial sections of resected pancreatic cancer tissue (c–f): a
case of the hypovascular tumor. (a) Pancreatic lesion was detected as a low echoic lesion (arrow) with B-mode EUS. (b) CE-EUS revealed
hypovascular tumor (arrow) with heterogeneous enhancement in early-phase image. (c) Resected tumor specimen (arrow) with necrotic area
(arrowhead): hematoxylin-eosin staining (original magnification ×1). (d) Cytokeratin staining revealed heterogeneous tumor cells (original
magnification ×1). (e) Masson trichrome staining disclosed the presence of fibrous tissues (arrow) (original magnification ×1). (f) Few vessels
were observed on elastica van Gieson staining (original magnification ×1).
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extensive analysis in the future of CE-EUS images may
demonstrate that this modality can be an alternative to EUS-
FNA for the diagnosis of pancreatic tumors.
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Hepatocellular carcinoma (HCC) and intrahepatic cholangiocarcinoma (ICC) are both regarded as primary liver cancers, having
different biological behaviors and prognoses. Correct differentiation between them is essential for surgical planning and prognosis
assessment. In 2005, the American Association for the Study of Liver Diseases (AASLD) recommended that noninvasive diagnosis
of HCC is achievable by a single dynamic technique (including contrast-enhanced ultrasound (CEUS)) showing intense arterial
uptake followed by washout of contrast in the venous-delayed phases. However, CEUS has been dropped from the diagnostic
techniques in the latest AASLD guideline according to the opinion of some authors from Europe that CEUSmay offer false positive
HCC diagnosis in patients with ICC. Since the update of AASLD guideline has been released, increased attention has been paid
to this interesting topic. Remarkable controversy over this issue is present and this removal was not well received in Europe and
Asia.This commentary summarized the opinions for the role of CUES in differentiation betweenHCC and ICC in recent years. It is
concluded that prospective studies with strict design and large case series aremandatory to solve the controversies and stratification
of ICC in terms of tumor size and liver background is also essential.

1. Background

Hepatocellular carcinoma (HCC) is the sixth most common
neoplasm worldwide. Its incidence has increased in recent
years and it is currently the leading cause of death in patients
with cirrhosis. Intrahepatic cholangiocarcinoma (ICC) is a
rare liver tumor, and its incidence rate has also increased in
recent years. Although both ICC and HCC are regarded as
primary liver cancers, they have different biological behav-
iors and prognoses. Correct differentiation between them
is essential for surgical planning and prognosis assessment
[1–3]. In the recent decade, contrast-enhanced ultrasound
(CEUS) has been introduced into clinical practice for diagno-
sis of focal liver lesion (FLL). Numerous prospective studies
including several multicenter studies with large case series
have already confirmed the value of CEUS in diagnosis of
FLL, and it iswidely accepted thatCEUS is at least comparable
with contrast-enhanced computed tomography (CECT) and

contrast-enhanced magnetic resonance imaging (CEMRI) in
characterization and detection of FLLs [4–7].

2. CEUS for ICC

2.1. Ultrasound and CEUS. Ultrasound (US) has been
regarded as the first line imaging modality for detection of
FLL, whereas it is difficult for baseline US to distinguish
between them because ICC has no specific features [2, 3, 8–
10]. CEUS, with the use of a low acoustic power contrast-
specific mode and a gas-filled microbubble contrast agent,
allows visualization of macro- and microcirculation of a
targeted organ or lesion continuously. The CEUS vascular
phases are usually classified into arterial (8–30 s from contrast
agent injection), portal (31–120 s), and late (121–360 s) phases
[2–5, 10, 11]. The CEUS enhancement patterns of 50 mass-
forming ICCs were retrospectively analyzed by Chen et al.
[2] and were compared with 50 HCCs. In their study, ICC
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typically produced a peripheral rim-like enhancement in
the arterial phase of CEUS, which accounted for 50% of
ICCs. The other enhancement patterns were heterogeneous
hypoenhancement (24%), heterogeneous hyperenhancement
(20%), and homogeneous hyperenhancement (6%). How-
ever, forHCC, heterogeneous (58%) andhomogeneous (38%)
hyperenhancement were the most common findings in the
arterial phase; rim-like hyperenhancement only accounted
for 4% of HCCs. In the late phase, all 50 ICCs and 50 HCCs
were hypoenhanced. Time-intensity curve (TIC) demon-
strated that the intensities of the peripheral and central por-
tions of the ICCs were lower than those of HCCs. In addition,
ICCs showed washout more quickly thanHCCs in portal and
late phases. The diagnostic performance of both readers in
terms of the area under the receiver operating characteristic
curve (AUROC) (0.745 versus 0.933 for reader 1, and 0.803
versus 0.911 for reader 2), sensitivity (28% versus 90%, and
44% versus 82%), and accuracy (64% versus 90%, and 71%
versus 90%) improved significantly after CEUS (all𝑃 < 0.05).
The interobserver agreement increased from kappa value
(𝜅) = 0.575 at BUS to 𝜅 = 0.720 after CEUS. Therefore,
CEUS increases the diagnostic performance in differentiation
between ICC and HCC significantly, in comparison with
conventional ultrasound.

Similar results have been found in the related studies
and the typical CEUS manifestations for HCC and ICC are
summarized as follows [3–10].

2.1.1. HCC

(i) Hyperenhancement in the arterial phase is usually
homogeneous and intense but may be inhomoge-
neous in larger nodules (>5 cm).

(ii) Washout in late phase is observed in about half of
HCC, but more rarely in small nodules (20–30% in
those 1-2 cm, 40–60% in those 2-3 cm).

(iii) The median time of onset of washout was reported to
be 2min and it is longer in well differentiated HCC
than in poor differentiated HCC.

2.1.2. ICC

(i) ICCs have a variety of patterns in the arterial phase
with the majority showing peripheral rim-like hyper-
enhancement, while all show washout in the late
phase, in contrast to the late enhancement on CECT
or CEMRI.

(ii) Early washout at CEUS (usually before 60 s).

Intraductal-growing ICC is another type of ICC, which
often shows homogeneous hyperenhancement in the arterial
phase and washout in the late phase. This type is easy to be
differentiated from HCC since it is always located in dilated
bile duct whereas HCC is seldom associated with bile duct
dilation. Periductal infiltration type of ICC is hard to be
detected before surgery; it is also a rare type ICC [10].

2.2. Multimodality Comparison. The vascular structures in
the solid tumor are always disorganized and leaky [12–
14]. The vascular permeability in turn drives tumor-induced
angiogenesis and blood flow disturbances, which also facil-
itates the CT and MRI contrast agents diffusing over time
from hyperpermeable intratumoral blood vessels to the inter-
stitium of the tumor, whereas the ultrasound contrast agents
are blood pool agents with large size and thus remain in the
blood vessels [15, 16]. Direct comparison between them in the
vascular phase is possible, whereas the comparison in the late
phase is difficult. Persistent enhancement in the late phase is a
typical pattern for ICC on CT andMRI, whereas nearly 100%
ICCs show washout in late phase on CEUS [11, 17]. Chen et
al. [11] carried out a comparison study between CEUS and
CECT in diagnosis of ICC.The enhancement patterns of ICC
on CEUS are consistent with those on CECT in the arterial
phase, indicating that it is pathology, not the adopted imaging
technology, which determines the enhancement pattern. In
the portal phase, ICC fades outmore obviously onCEUS than
on CECT. In the late phase, all ICCs show washout on CEUS
whereas sustained enhancement on CECT. CEUS (accuracy,
80%) has the same accuracy as CECT (accuracy, 67.5%) in
diagnosing ICCs and can be used as a new modality for the
characterization of ICC.

2.3. ICC: Pathological Correlation with CEUS Pattern. As
mentioned above, ICC has different pathological subtypes
and the CEUS enhancement pattern is varying. It was con-
firmed that CT and/or MRI findings of ICC were correlated
with pathological components. The hyperenhancing areas
always indicated a large number of tumor cells and the
delayed enhancement corresponded to fibrotic stroma at
pathological examination. Xu et al. [10] found that the hyper-
enhancing areas on CEUS corresponded to more tumour
cells for mass-forming ICCs. There are scarce tumour cells
in the centre portion of the tumour and fibrosis is prominent.
Microscopically, scarce tumour cells are present in both the
peripheral portion and the centre portion. In periductal-
infiltrating ICC, fibrosis wasmore commonly found, whereas
in intraductal-growing ICCs, abundant tumor cells were
found. Therefore, the imaging findings of ICC on CEUS
were related to the degree of carcinoma cell proliferation
at pathology; hyperenhancing areas in ICC always indicate
increased density of tumor cells.

3. AASLD Guideline Opinion

In 2005, the American Association for the Study of Liver Dis-
eases (AASLD) endorsed that noninvasive diagnosis of HCC
is achievable by a single dynamic technique (includingCEUS)
showing intense arterial uptake followed by washout of
contrast in the venous-delayed phases [1]. Afterwards, CEUS
has also been introduced into other important guidelines
and recommendations for the diagnostic work-up of HCC
in patients with cirrhosis: the Asian Pacific Association for
the Study of the Liver (APASL) consensus recommendations
on HCC [18]; the recommendations of the Japanese Society
of Hepatology [19]; the European Federation of Societies for
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Ultrasound in Medicine and Biology (EFSUMB) guidelines
2008 [6]; and the World Federation for Ultrasound in
Medicine and Biology- (WFUMB-) EFSUMB guidelines 2012
[4, 5]. Regarding the contrast agent, the APASL guidelines
accept the use of Levovist (Schering, Berlin, Germany) or
Sonazoid (GE Healthcare, Milwaukee, WI, USA) as contrast
agents, the Japanese guidelines accept only the use of Son-
azoid, and the WFUMB-EFSUMB guidelines accept both
SonoVue (Bracco, Milan, Italy) and Sonazoid as contrast
agents. The APASL guidelines recommend the use of either
CT or MRI as a first-line technique and resort to CEUS
for second/third line in the absence of typical diagnostic
CT and/or MRI patterns, whereas the JSH guidelines accept
CEUS even as a first-line option.

However, CEUS has been dropped from the diagnostic
techniques in the latest AASLD guideline according to the
opinion of some authors from Europe that CEUS may offer
false positive HCC diagnosis in patients with ICC. Another
reason is that liver CEUS is not approved by Food and
Drug Administration (FDA) in the USA. The latter factor
indicates that the published results might not be applicable
to a North American population.Therefore, the new AASDL
guideline has negative opinion on the use of CEUS to make
differentiation between HCC and ICC [20].

4. Current Controversy over AASLD Guideline

Since the update of AASLD guideline has been released,
increased attention has been paid to this interesting topic.
Remarkable controversy over this issue is present and this
removal was not well received in Europe and Asia. It is
questioning whether CEUS should be entirely removed from
the important guidelines based on a single, relatively small-
scale study that is the source of negative opinion fromAASLD
[21–28]. Currently, the opinion of negative side was based
on limited cases of ICC, and even the limited cases were
scattered in different centers, whereas the opinion of positive
side was based on the widest ICC/HCC comparison case
series. However, subanalysis was absent in both sides.

4.1. Negative Opinion. In 2010, Vilana et al. [21], on behalf of
the Barcelona Clinic Liver Cancer (BCLC) group, analyzed
the CEUS enhancement patterns of 21 patients with ICCs
from 2003 to 2009 and then concluded that CEUS was not
able to be used to differentiate ICC and HCC since the
enhancement patterns were similar with HCC in 10 cases
that they showed homogeneous arterial hyperenhancement
followed by washout. They also concluded that CEUS should
not be used as the sole imaging technique for conclusive
HCC diagnosis. The potential risk of positive diagnosis of
HCC in cirrhosis by CEUS should therefore be kept in high
consideration.

In 2012, Bohle et al. [23] retrospectively analyzed the
CEUS pattern of 39 patients with HCC, 11 patients with
ICCs, 3 patients with Klatskin tumors, and 4 patients with
gallbladder carcinomas; they found that HCC and ICC
differ to some extent in their CEUS enhancement pattern.
Incomplete arterial hyperenhancement is more often seen in
ICC. A rim sign seems to be specific for ICC but is only

rarely present. Due to overlapping characteristics, a reliable
differentiation between the two tumor types by CEUS alone
is very often not possible.

4.2. Equivocal Opinion. In 2013, Galassi et al. [24] analyzed
the CEUS patterns of 25 small ICCs from three Italian centers
between 2003 and 2011, which means less than one case in
each center per year. They found that CEUS was at risk
of misdiagnosis of ICC for HCC in a significantly higher
number of cases than in CT (52% versus 4.2%) and MRI
(52% versus 9.1%). In the arterial phase, ICC lacked global
hyperenhancement in approximately 50% of cases at CEUS
and the degree of intensity of washout in the late phase
was marked in 24% of nodules. They concluded that CEUS
misdiagnosed as HCC a significantly higher number of ICC
lesions in cirrhotic patients thanCTandMRI.However, some
CEUS contrast features can help suspect ICC, especially in
some cases with inconclusive CT or MRI.

4.3. Positive Opinion. In 2012, Barreiros et al. [25] firstly
commented on the AASLD guideline regarding removal of
CEUS for diagnosis of HCC. In the opinion of the authors,
CEUS should be part not only of most, but all international
HCC guidelines. Giorgio et al. [26] made a comment on
the study of Galassi et al. [24] and concluded it was an
exaggerated fear for misdiagnosis of ICC in cirrhosis at
CEUS. They endorsed the study of Chen et al. [2] that it was
still the widest ICC/HCC comparison case series, even if not
specifically devoted to ICC on cirrhosis, CEUS significantly
improved the diagnostic performance in the differentiation
between ICC and HCC.

In 2013, Korean Association for the Study of CEUS also
commented on this issue. They regarded this removal as
controversial and not well received in Europe and Asia [27].
Bohle et al. [23] also commented on this issue and concluded
that there was no need to remove CEUS from the AASLD
practice guidelines as part of the diagnostic algorithm for
HCC in cirrhotic patients. Limited market availability (i.e.,
liver CEUS is not approved by FDA in the USA) is also not a
justification to eliminate a valuable diagnostic tool from the
algorithm. CEUS should not be considered as a “second-line”
imaging technique in the patient care.

Li et al. [29] firstly evaluated the usefulness of CEUS
in differentiating ICC from HCC in cirrhotic patients. They
found that analysis of detailed temporal enhancement fea-
tures on CEUS is helpful to differentiate ICC from HCC
in cirrhosis. If a nodule in cirrhotic liver displays hyperen-
hancement in the arterial phase followed by early andmarked
washout in the portal phase, the nodule is highly suspicious
of ICC rather than HCC since, in comparison with ICC, the
washout in portal phase is moderate and sometimes even
shows iso-enhancing for HCC. Their results provided the
latest evidence to rebuke the opinion from AASLD.

5. Discussion and Conclusion

The controversy over AASLD guideline regarding the dif-
ferentiation between HCC and ICC using CEUS continues.
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When reanalyzing the data of Vilana et al. [21], we found that
52.4% of their cases showed periphery hyperenhancement
in arterial phase, 71.4% showed hypoenhancement in portal
phase, and 100% showed hypoenhancement in late phase. All
of the features are characteristic for ICC instead of HCC. In
addition, noHCCwas included andno comparison studywas
performed; thus no data supported the conclusion directly.
The characteristic pattern of periphery hyperenhancement
for ICC in arterial phase was overlooked, as well as quick
washout in portal and late phases. The low incidence of ICC
was also overlooked; in an analysis of 993 adult cirrhotic liver
explants with liver cancer, ICC was only found in 1% of all
the cases [22]. The study of BCLC group was carried out in a
long period and only 3 cases per year were evaluated, which
aroused doubt about their experience and also indicated that
the risk for misdiagnosis is only less than 3/year [21].The low
risk for misdiagnosis could also happen for CECT or CEMRI
whereas they were not removed from the diagnostic work-
up. Additionally, the CEUS pattern for ICC would suggest a
diagnosis of malignancy with almost 100% specificity since
nearly 100% showed washout in late phase, whereas the
pattern of CT or MRI might not be specific for malignancy
(washin followed by sustained enhancement) that some had
been misdiagnosed as hemangioma or abscess. This is an
important point that biopsy might not be feasible in all the
patients. In addition, it should be pointed out that the study
was not a prospective and controlled study design. Finally, to
overcome the uncertainty in relation to the complex visual
investigation of dynamic loops at CEUS, quantification of
CEUS is necessary, which may facilitate differential diagnosis
between ICC and HCC [30, 31]. Regarding the study of Bohle
et al. [23], the conclusion was obviously paradox and was
not based on the results. In addition, no diagnostic test was
performed to differentiate HCC and ICC.

Barreiros et al. [25] refuted the opinion of AASLD with
the following points. Firstly, CEUS has been introduced
more than 10 years for liver imaging in many European
and Asian countries, but FDA approval in the US is still
lacking. Thus the evidence for the AASLD opinion is scarce.
Secondly, ICC is a rare tumour in liver cirrhosis (about 1–3%
of newly developed tumors); thus it should not overestimate
the risk for misdiagnosis.Thirdly, when referring the study of
Vilana et al. [21], it was a nonprospective and noncontrolled
study design. Therefore, the quality of the study and the
clinical consequences of this possible risk do not seem to
justify the complete removal of CEUS from the imaging
armamentarium. In addition, the study was carried out
without enough experience; the investigators were not well
trained, and CEUS was not performed in expert hand.

Therefore, the evidence for positive opinion is accumu-
lating. Prospective studies with strict design are mandatory
to solve the controversies. Future studies should focus on
the imaging features of ICC in healthy livers and cirrhotic
livers. Prospective case control studies with large case series
are needed. Stratification of ICC in terms of tumor size and
liver background is also essential. Finally, CEUS has the
reason to retain in the guidelines because there is no radiation
exposure to the patient, negligible nephrotoxicity, and a low

risk of allergic and hypersensitivity reactions. CEUS is also
applicable when CT or MRI is contraindicated.
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This study compared the imaging features of conventional gray scale ultrasound (US) before and after contrast-enhanced ultrasound
(CEUS) for focal liver lesions and 22 evaluated the role of US post-CEUS in characterizing liver lesions. 126 patients with 158 focal
liver lesions underwent CEUS and US post-CEUS examination and entered this study. There were 74 hepatocellular carcinomas
(HCC), 43 hepatic metastases, and 41 hemangiomas. Imaging features of US pre-CEUS and US post-CEUS were analyzed offsite
by two blinded experienced radiologists to evaluate size, boundary, echogenicity, internal texture, posterior acoustic enhancement,
spatial resolution, and contrast resolution. In the end with pathological and clinical evidence, the diagnostic accuracy rate of US
pre-CEUS was 53.8% (85/158 lesions), lower than that of CEUS (88.0%, 139/158 lesions); with the complementation of US post-
CEUS the rate rose to 93.0% (147/158 lesions). US post-CEUS could improve the visibility of typical structures of focal liver lesions
and might provide important complementary information for CEUS diagnosis. It also increases the visibility of small liver lesions
compared with US pre-CEUS and helps to guide local interventional procedure.

1. Introduction

Clinical application of harmonic gray-scale contrast-
enhanced ultrasonography (CEUS) has shown improvement
in the diagnostic performance of conventional ultrasonog-
raphy (US) in the characterization of focal liver lesions [1–5].
According to the dynamic perfusion characteristics during
arterial, portal, and parenchymal phases which can be clearly
reflected by CEUS, CEUS provided important diagnostic
information and became an alternative method of enhanced
CT and other imaging methods [6–8]. However, CEUS has
its limitations, especially for lesions with atypical perfusion
pattern or deep locations.

In the early practice with CEUS, we found that the profile
and internal architecture of the liver lesions can be better
displayed on conventional gray-scale ultrasound immediately
after CEUS examination (US post-CEUS), compared with
conventional US before CEUS (US pre-CEUS). This finding
triggered the comparative study on US post-CEUS and pre-
CEUS. To our knowledge, this is the first study to address
this interesting phenomenon. In this study, we compared

the characteristics of 158 focal liver lesions on paired US
images before and after CEUS, to explore the effect of US
post-CEUS on the characterization of liver lesions.

2. Materials and Methods

This study was approved by the Ethics Committee of Pe-
king University Cancer Hospital, and each patient provided
informed consent for the study.

2.1. Patients. Between October in 2011 and July in 2012,
142 patients who were diagnosed as focal liver lesions by
enhanced CT, MRI, or conventional sonography were rec-
ommended for CEUS in our department and were enrolled
in this study. Sixteen patients were excluded because the
number of cases was too small to do statistical analysis in
this study (including 3 cases of cholangiocarcinoma, 3 cases of
regenerative nodule, 2 cases of focal nodular hyperplasia, and
2 cases of focal fatty sparing) or the cases had no final diag-
nosis (6 cases). The remaining 126 patients with 158 liver
lesions formed the study group.These 126 patients underwent
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enhanced CT/MRI (48 cases) or biopsy (78 cases) within 1–15
days after CEUS examination. The final diagnosis was made
as follows. Diagnoses of malignant lesions were confirmed by
pathology (biopsy or surgery), and benign lesions were con-
firmed by pathology or contrast-enhanced CT orMRI with at
least one-year follow-up. In patients hadmultiple lesions with
similar appearance at CEUS image, we performed biopsy for
one lesion per patient. In our group, the follow-up period was
12–17 months (median, 14 months).

The final diagnosis of the lesions showed that there were
61 patients (𝑛 = 50 for biopsy; 𝑛 = 11 for resection) with
74 hepatocellular carcinomas (HCCs), 34 patients (𝑛 = 23
for biopsy; 𝑛 = 11 for resection) with 43 hepatic metastatic
lesions, and 31 patients (𝑛 = 5 for biopsy: 𝑛 = 26 for
imaging results) with 41 hemangiomas. OnUS pre-CEUS, the
largest lesion size was 10 cm and the smallest was 0.9 cm, with
the median sizes of HCC being 3.6 cm, hepatic metastasis
2.8 cm, and hemangioma 2.9 cm, respectively. Among those
with HCC lesions, 52 of the 61 patients had cirrhosis and this
diagnosis was made at histological and/or clinical examina-
tion. The patient group consisted of 77 males and 49 females
with a median age of 54 years (age range: 20–80 years).

2.2. Ultrasound Instrument and Contrast Agent. Ultrasonog-
raphy was performed in the Technos DU8 ultrasound sys-
tem (Esaote, Italy) with real-time gray-scale contrast tuned
imaging (CnTI) technique. CA430E broadband probe with
frequency of 2.5 to 5.0MHz was used.The ultrasound system
GE LOGIQ 9 (Milwaukee, WI, USA) with broadband C6-1
probe (frequency: 1–6MHz) was also used.

The contrast agent SonoVue (Bracco SpA, Milan, Italy)
used in the study was supplied as a lyophilized powder,
which was reconstituted by adding 5mL of saline and gently
shaking the vial by hand to form a homogenous microbubble
suspension.The suspension contains 8 𝜇L/mL sulfur hexaflu-
oride (SF6) stabilized by a phospholipid shell (microbubble
concentration 5mg/mL). The mean microbubble diameter
was 2.5 𝜇m with a pH value of 4.5 to 7.5. SonoVue was
administered intravenously as 2.4mL bolus through the
antecubital vein within 2-3 seconds.

2.3. Ultrasound Examination Method. Two sonologists per-
formed all ultrasound examinations in this study, each with
experience of at least 10 years in clinical diagnostic ultrasound
and 5 years in CEUS. Each examination included obtaining
three kinds of sonographic images for the same lesion using
high MI conventional ultrasound before CEUS (US pre-
CEUS), lowMI CEUS, and high MI conventional ultrasound
immediately after CEUS (US post-CEUS), respectively.

In US pre-CEUS scan, the locations, numbers, sizes, and
sonographic features of the lesions were recorded and initial
diagnostic result of the lesions was subjectively assessed in
consensus between the two sonologists. The CEUS condition
was then started and the acoustic power output was adjusted
to low mechanical index (0.05–0.12) based on the lesion
depth and the body habitus of the patient. After injection
of contrast agent, lesions were scanned with low-acoustic-
power contrast-enhanced harmonic ultrasound. The perfu-
sion pattern and echogenicity of the lesion were observed

Table 1: Diagnostic criteria of focal liver lesions on CEUS features.

Lesion type CEUS features
Hepatocellular
carcinoma

Diffuse enhancement at arterial phase and
wash-out at portal venous or late phase

Liver metastases
Peripheral rim with viable intralesional
enhancement at arterial phase and wash-out
during portal venous or late phase

Hemangioma
Peripheral nodular or rim enhancement at
arterial phase with centripetal progression
in portal venous and late phase

and recorded with high definition videotape. After adequate
diagnostic information of the target lesion was acquired,
the whole liver was scanned quickly to detect any non-
previously-seen abnormal wash-out lesion. Each CEUS scan-
ning lasted for approximate 5-6minutes and diagnostic result
was assessed at the end of CEUS scanning.TheCEUS process
was followed, within 3 minutes after completion, with a high
MI US post-CEUS scan by returning to baseline ultrasound
status.TheUSpost-CEUSwas performedwith the same scan-
ning condition as US pre-CEUS (including plane of lesion,
position of patients, ultrasound system, and probe frequency
as well as the parameter of imaging), and again the features of
the lesion were observed and diagnostic result was assessed.

To compare the accuracy in the evaluation and analysis
of the liver tumors, ultrasound diagnoses before, during, and
after contrast injection were assessed based on the ultra-
sound characteristics of the lesions, such as the echogenicity,
morphology, texture, border, and the enhancement pattern.
Each lesion was diagnosed as benign or malignant according
to the established criteria (Table 1) developed based on the
enhancement patterns and ultrasound features previously
described [9–11].

2.4. Off-Site Retrospective Analysis of Grey-Scale US. Another
two sonologists, each with experience of at least 10 years
in clinical diagnostic ultrasound, retrospectively reviewed
the US pre-CEUS and US post-CEUS imaging stored on
videodisks on screen. The reading sonologists did not par-
ticipate in the CEUS procedure, and they were aware of the
patients’ clinical histories butwere blinded to the pathological
results and other imaging findings. A mask placed over the
screen concealed the patients’ identifications.They compared
the sonographic features and image quality of US post-CEUS
with those of US pre-CEUS. Each lesion was assessed with
eight parameters: size, margin definition, halo sign or echo-
genic rim, echogenicity, internal texture, posterior acoustic
enhancement, spatial resolution, and contrast resolution.
Halo sign, echogenic rim, and posterior acoustic enhance-
ment were evaluated as positive or negative. Margin defini-
tion, spatial resolution, and contrast resolution were evalu-
ated as poor, intermediate, and good. Spatial resolution was
defined as the ability to differentiate two closely situated
objects as distinct structures. Contrast resolution was defined
as the ability to differentiate tissue structure with different
echo intensity. Assessment of imaging finding was based on
the consensus of the two readers.
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(a) (b)

(c)

Figure 1: A 39-year-old man was found to have a liver tumor during the routine ultrasound examination. (a) US pre-CEUS showed an
ellipsoidal tumor with heterogeneous appearance in the left liver lobe. Its front boundary was not clear due to disturbance of noise. (b) US
post-CEUS showed that the tumor represented homogeneous iso-echo and had clear border and halo sign (↑) at 7 minutes after contrast
agent injection. Then, the tumor was regarded as possibly malignant. (c) The tumor was confirmed as HCC by surgery pathology and gross
specimen showed the fibrous membrane (↑) around the tumor, which had good correlation to halo sign on US post-CEUS.

2.5. Statistical Analysis. Chi-square test and Fisher test were
used to compare the difference of imaging characteristics and
diagnostic results. The level of significance was set at 0.05 for
all tests.The statistical analysiswas performedusing SPSS 16.0
software (SPSS Inc., Chicago, IL).

3. Results

3.1. Diagnostic Accuracy Rate. With reference to imaging
and pathological results, the diagnostic accuracy rates were
shown in Table 2. They were significantly improved in CEUS
compared with US pre-CEUS (𝑃 < 0.001). Combining CEUS
with US post-CEUS findings, the diagnostic accuracy rate
was further elevated 5.0% more than that of CEUS alone.

Atypical perfusion pattern of CEUS was found in 8
HCCs, 6 hepaticmetastases, and 5 hemangiomas. Post-CEUS
imaging corrected the diagnostic result in 3 HCCs, 2 hepatic
metastases, and 3 hemangiomas. US post-CEUS helped to
clarify diagnosis in atypical CEUS cases (Figures 1, 2, and 3).

In addition, US post-CEUS found 28 new small lesions
(<2 cm) in 18 cases, whichwere not detected byUSpre-CEUS.
Among these, 11 lesions (8 HCCs and 3 hepatic metastases)
underwent biopsy or local treatment immediately under the
guidance of US post-CEUS (Figure 4).

Table 2: Diagnostic accuracy rates in different liver lesions (%).

Diseases US pre-CEUS CEUS US
post-CEUS

Hepatocellular
carcinoma

51.4
(38/74)

89.2
(66/74)

93.2
(69/74)

Hepatic
metastasis

58.1
(25/43)

86.0
(37/43)

90.7
(39/43)

Hemangioma 53.7
(22/41)

87.8
(36/41)

95.1
(39/41)

Total 53.8
(85/158)

88.0
(139/158)

93.0
(147/158)

Note: the data in parentheses refers to lesion number.

3.2. Comparison of Ultrasound Features between
US Pre-CEUS and Post-CEUS

(1) HCC. The comparative results of the imaging feature were
summarized in Table 3. Compared with US pre-CEUS, US
post-CEUS of the 74 HCCs examinations showed 23 lesions
enlarged in sizes. US post-CEUS displayed better margin
definition (𝑃 < 0.001), halo sign (𝑃 = 0.021), internal
texture (𝑃 = 0.006), and contrast resolution (𝑃 < 0.001).
US post-CEUS clearly showed “halo” sign in 14 more lesions
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(a) (b)

Figure 2: A 37-year-old woman with hepatic tumor and history of breast cancer. (a) US pre-CEUS showedmultiple lesions (↑) with indefinite
border in the liver. (b) US post-CEUS showed that the tumor was irregular in shape and had clear border. A new small lesion with halo sign
(↑) (1.0 cm) was found in segment VIII as well at 6 minutes after contrast agent injection.This patient was considered as liver metastasis after
review of US post-CUES and was confirmed by biopsy.

(a) (b)

(c)

Figure 3: A 74-year-oldmanwith hepatitis B for 18 years andHCC. (a) US pre-CEUS showed a large tumor with clear border in the right liver
lobe. (b) US post-CEUS showed a multinodular tumor with increased size and multiple daughter lesions (↑) around the tumor at 7 minutes
after contrast agent injection. (c) Surgery specimen demonstrated multinodular tumor and multiple small lesions in the adjacent area which
was in accordance with US post-CEUS result.

and “mosaic” or “nodule in nodule” signs in 15 more lesions
(Table 3; Figures 5 and 6). In HCC group, 28 lesions were
smaller than 3 cm, 22 lesionswere 3–5 cm, and 24 lesionswere
larger than 5 cm. No significant difference between them was
observed with respect to tumor size.

(2) Hepatic Metastasis. In 31 cases of hepatic metastasis, the
primary tumors were from gastric and colorectal tract (𝑛 =
19), breast cancer (𝑛 = 6), lung cancer (𝑛 = 4), and other
organs (𝑛 = 2), respectively. Of the 43 hepatic metastases, US
post-CEUS showed better defined margin (𝑃 < 0.001) and
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(a) (b)

(c)

Figure 4: A 51-year-oldman suffering fromhepatitis B for 20 years with elevatedAFP level ofmore than 400 ng/mL. (a) US pre-CEUS showed
heterogeneous texture in the right liver lobe and no well-defined lesion was visible in this section. (b) US post-CEUS showed multiple small
lesions with clear border (↑). (c) Biopsy was performed in these small lesions under the guidance of US post-CEUS. These new lesions were
confirmed as HCC by pathology.

improved contrast resolution (𝑃 = 0.001) (Table 4; Figure 7).
In hepatic metastasis group, 25 lesions were smaller than
3 cm, 13 lesions were 3–5 cm, and 5 lesions were larger than
5 cm. No significant difference between them was observed
with respect to tumor size.

(3) Hemangioma. Of the 41 hemangiomas, post-CEUS
showed improved visibility formargin definition (𝑃 = 0.043),
echogenic rim (𝑃 = 0.003), internal texture (𝑃 = 0.047), and
contrast resolution (𝑃 = 0.034) (Table 5). Post-CEUS clearly
depicted echogenic rim in 13 more lesions and inner granular
hypoecho in 9 more lesions (Figure 8). In hepatic metastasis
group, 27 lesions were smaller than 3 cm, 8 lesions were 3–
5 cm, and 6 lesions were larger than 5 cm. No significant dif-
ference between them was observed with respect to tumor
size.

The imaging results also revealed a tendency of echogen-
icity change between US pre-CEUS and US post-CEUS. In
21 hypoechoic hemangiomas on US pre-CEUS, echogenicity

increased in 12 lesions and 9 of the 12 presented heteroge-
neous textures on US post-CEUS. In 14 hyperechoic heman-
giomas on US pre-CEUS, echogenicity decreased in 9 lesions
on US post-CEUS (Figure 9).

4. Discussion

The recent introduction of microbubble contrast agents and
contrast-specific imaging technique opened new prospects
for liver ultrasound. Several reports have shown that CEUS
can substantially improve the detection and characterization
of focal liver lesions with respect to baseline US studies [1–3,
12]. However, CEUS still has limitations: its spatial resolution
decreased as contrast resolution increased [13]; it was more
likely to be influenced by attenuation; furthermore, CEUS can
only obtain the perfusion status of a relatively small interest
region of the liver; thus, it has difficulty in evaluating the
entire liver with one contrast injection. When the lesion is
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Table 3: Imaging characteristic of US pre-CEUS versus US post-CEUS in 74 hepatocellular carcinomas.

Imaging characteristic Grading Pre-CEUS Post-CEUS P value
Size Enlarged — 23 —

Margin definition
Poor 28 (37.8) 6 (8.1) <0.001

Intermediate 22 (29.8) 14 (18.9)
Good 24 (32.4) 54 (73.0)

“Halo” sign − 42 (56.8) 28 (37.8) 0.021
+ 32 (43.2) 46 (62.2)

Echogenic rim − 71 (95.9) 72 (97.3) >0.05
+ 3 (4.1) 2 (2.7)

Echogenicity
Hyperechoic 23 (31.1) 16 (21.6) >0.05
Iso-echoic 13 (17.6) 14 (18.9)
Hypoechoic 38 (51.3) 44 (59.5)

Internal texture

Homogenous 35 (47.3) 18 (24.3) 0.004
Heterogeneous 39 (52.7) 56 (75.7)

“Mosaic” or “nodule in nodule” 19 34 0.001
Inner granular hypoecho# 2 3 >0.05

Posterior acoustic enhancement∗ − 31 (56.4) 22 (40.0) >0.05
+ 24 (43.6) 33 (60.0)

Spatial resolution
Poor 12 (16.2) 9 (12.2) >0.05

Intermediate 21 (28.4) 19 (25.7)
Good 41 (55.4) 46 (62.1)

Contrast resolution
Poor 28 (37.8) 10 (13.5) <0.001

Intermediate 26 (35.1) 18 (24.3)
Good 20 (27.1) 46 (62.2)

Note: the data refers to lesion number if not specified. ∗Sometimes, it was not feasible to observe the posterior echo of lesions due to undesirable locations.
The data in parentheses were percentages.
#The presence of multiple small hypoechoic areas in the hyperechoic lesion.

(a) (b)

Figure 5: A 74-year-old man was found to have a liver tumor during the routine ultrasound examination. (a) US pre-CEUS showed an iso-
echoic lesion with poor-defined margin in cirrhotic liver background. (b) US post-CEUS showed that the lesion had clearer border and a
hypoechoic halo (↑) at 8 minutes after contrast agent injection. The CEUS pattern was atypical for this lesion. The diagnosis result of HCC
was improved by US post-CEUS.

hypovascular, is located deeply, has severe cirrhotic back-
ground, or is transiently enhanced, the perfusion pattern is
atypical. So it is hard to achieve definitive diagnosis (begin or
malignant) by CEUS alone in these cases.

In this study, we compared the sonographic features and
image quality of US post-CEUS with those of US pre-CEUS

in 158 focal liver lesions and found that US post-CEUS
improved the depiction rate of the lesion profile and internal
pathological structures. It was found that US post-CEUS had
comparative higher contrast resolution than US pre-CEUS
and higher spatial resolution than CEUS. As CEUS revealed
the pattern of vascular microarchitecture and the process of
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(a) (b)

Figure 6: A 69-year-old woman was found to have a liver lesion. The lesion was diagnosed as benign by biopsy 2 years ago but grew up in
recent days. (a) US pre-CEUS showed a tumor with clear border and heterogeneous texture in the right liver lobe. (b) US post-CEUS showed
that the tumor presented clear border, halo sign, and distal sonic enhancement.The typical “nodule in nodule” and “mosaic” signs were visible
in it. The lesion was regarded as HCC by post-CEUS.

(a) (b)

Figure 7: A 50-year-old man with hepatic metastases from gastric cancer. (a) US pre-CEUS showed multiple hepatic metastases in segment
VIII and the largest one had irregular border. (b) US post-CEUS improved the visibility of tumor border and texture and a thin hypoechoic
halo which corresponded to the peripheral enhanced zone and appeared at 6 minutes after contrast agent injection.

(a) (b)

Figure 8: A 45-year-old woman with a hepatic hemangioma. (a) US pre-CEUS showed a hypoechoic tumor () in the left liver lobe. (b) US
post-CEUS clearly showed echogenicity of inner granular hypoecho () at 7 minutes after contrast agent injection.
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Table 4: Imaging characteristic of US pre-CEUS versus US post-CEUS in 43 hepatic metastases.

Imaging characteristic Grading Pre-CEUS Post-CEUS P value
Size Enlarged — 4 —

Margin definition
Poor 14 (32.6) 3 (7.0) <0.001

Intermediate 18 (41.9) 11 (25.6)
Good 11 (25.5) 29 (67.4)

“Halo” sign − 24 (55.8) 18 (41.9) >0.05
+ 19 (44.2) 25 (58.1)

Echogenic rim − 41 (95.3) 40 (93.0) >0.05
+ 2 (4.7) 3 (7.0)

Echogenicity
Hyperechoic 4 (9.3) 4 (9.3) >0.05
Iso-echoic 16 (37.2) 13 (30.2)
Hypoechoic 23 (53.5) 26 (60.5)

Internal texture

Homogenous 24 (55.8) 20 (46.5) >0.05
Heterogeneous 19 (44.2) 23 (53.5)

“Mosaic” or “nodule in nodule” 0 2 >0.05
Inner granular hypoecho# 2 5 >0.05

Posterior acoustic enhancement∗ − 21 (58.3) 19 (52.8) >0.05
+ 15 (41.7) 17 (47.2)

Spatial resolution
Poor 8 (18.6) 6 (12.0) >0.05

Intermediate 13 (30.2) 14 (32.5)
Good 22 (51.2) 23 (53.5)

Contrast resolution
Poor 11 (25.6) 3 (7.0) 0.001

Intermediate 17 (39.5) 8 (18.6)
Good 15 (34.9) 32 (74.4)

Note: the data refers to lesion number if not specified. The data in parentheses were percentages. ∗Sometimes, it was not feasible to observe the posterior echo
of lesions due to undesirable locations.
#The presence of multiple small hypoechoic areas in the hyperechoic lesion.

(a) (b)

Figure 9: A 69-year-old woman with multiple hepatic hemangiomas. (a) US pre-CEUS showed a hyperechoic lesion (↑) near liver surface
and a hypoechoic lesion () near gallbladder. (b) US post-CEUS showed that the lesion (↑) near liver surface became relatively hypoechoic
while the echogenicity of the lesion () near gallbladder increased at 8 minutes after contrast agent injection.

dynamic perfusion, US post-CEUS provided useful informa-
tion on configuration and tissue structure of lesions, which
could benefit accurate diagnosis.

4.1. Potential Mechanism for This Effect of US Post-CEUS.
Ultrasound contrast media, consisting of microbubbles, are
relatively larger entities (1–10𝜇m) than X-ray or MR contrast

agents. The microbubbles surviving the lung filter are con-
fined to the vascular bed and cannot leak out to the extravas-
cular space like X-ray or MR contrast agents [14]. SonoVue
(BR1; Bracco, Milan, Italy) is a sulfur hexafluoride-filled
microbubble contrast agent that is licensed for use in abdom-
inal and vascular imaging in most European countries and
China. It was the most common used contrast agent in our
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Table 5: Imaging characteristic of US pre-CEUS versus US post-CEUS in 41 hemangiomas.

Imaging characteristic Grading Pre-CEUS Post-CEUS P value
Size Enlarged — 6 —

Margin definition
Poor 4 (9.8) 2 (4.9) 0.043

Intermediate 17 (41.4) 8 (19.5)
Good 20 (48.8) 31 (75.6)

“Halo” sign − 39 (95.1) 40 (97.6) >0.05
+ 2 (4.9) 1 (2.4)

Echogenic rim − 23 (56.1) 10 (24.4) 0.003
+ 18 (43.9) 31 (75.6)

Echogenicity
Hyperechoic 14 (34.2) 10 (24.4) >0.05
Iso-echoic 6 (14.6) 12 (29.3)
Hypoechoic 21 (51.2) 19 (46.3)

Internal texture

Homogenous 24 (58.5) 15 (36.6) 0.047
Heterogeneous 17 (41.5) 26 (63.4)

“Mosaic” or “nodule in nodule” 3 2 >0.05
Inner granular hypoecho# 9 18 0.034

Posterior acoustic enhancement∗ − 17 (63.0) 21 (77.8) >0.05
+ 10 (37.0) 6 (22.2)

Spatial resolution
Poor 8 (19.5) 6 (14.6) >0.05

Intermediate 13 (31.7) 11 (26.8)
Good 20 (48.8) 24 (58.6)

Contrast resolution
Poor 14 (34.1) 7 (17.1) 0.034

Intermediate 17 (41.5) 13 (31.7)
Good 10 (24.4) 21 (51.2)

Note: the data refers to lesion number if not specified. The data in parentheses were percentages. ∗Sometimes, it was not feasible to observe the posterior echo
of lesions due to undesirable locations.
#The presence of multiple small hypoechoic areas in the hyperechoic lesion.

country.This agent has a strong nonlinear harmonic response
when it is insonatedwith low acoustic power [15].The lifespan
of microbubbles in blood flowwas comparatively longer than
the first-generation CEUS agent. In clinical application with
SonoVue, it is common to see a certain amount of microbub-
ble left in liver after 5-6 minutes of low MI CEUS scanning.

Amicrobubble, if driven by intense ultrasound, will suffer
irreversible disruption. And when the microbubble disap-
pears as an acoustic scatter (not instantly, but over a period
of time determined by the bubble composition), it emits a
strong, brief nonlinear echo [16, 17]. In general, high MI was
applied in non-contrast conventional US while low MI was
applied in CEUS. When we finished CEUS scanning and
immediately returned to conventional grey-scale US status,
the remaining microbubbles in the liver would be destroyed
by intense ultrasound energy and emitted strong harmonic
signal. Ultrasound instruments could receive the echo signal
not only from tissue but also from microbubbles exploding
in this process. The remaining microbubbles accentuate the
contrast between different tissue compositions and may
emphasize the subtle structure of lesion on sonogram, thus
benefiting lesion characterization.

4.2. The Role of US Post-CEUS in Improving Diagnostic Rate

4.2.1. HCC and Hepatic Metastasis. Although SonoVue does
not have any late liver parenchymal uptake, post-CEUS scans

performed at 5-6 minutes after bolus administration gener-
ally show a persistent detectable sinusoidal enhancement of
liver parenchyma, while the normal sinusoidal architecture
in malignant lesion has been destroyed with manifesting
as focal hypoechoic well-demarcated lesions. Well-defined
margin made accurate measurement of tumor size easy,
which might explain the size of tumor on US post-CEUS,
especially in infiltrative HCC, and sometimes become larger
than that on US pre-CEUS. A halo around a liver mass on
sonogram has been regarded as a malignancy sign [18]. The
hypoechoic halo observed on sonogram represents tissue
with composition and acoustic impedance differing from
those of tissue at the centre of and surrounding liver [19,
20]. Thus the remaining microbubbles permitted us to easily
observe the hypoechoic halo on US post-CEUS scan. HCC
with a “nodule in nodule” appearance is considered to be
in the transitional stage from early HCC or premalignant
lesion to advanced HCC [21]. Advanced HCC with central
necrosis may also have heterogeneous texture like “mosaic”
sign. Specific “mosaic” or “nodule in nodule” sign was easier
to be detected on US post-CEUS than US pre-CEUS because
the remaining microbubbles in blood pool enhanced the
contrast of different histological structures or differentiated
component of tumor immediately after CEUS.

In our group, 3 of 8 HCCs which were not definitively
diagnosed by reading CEUS scan due to atypical perfusion
pattern or obvious attenuation of liver were considered as
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HCC after review of US post-CEUS scan. The tumor bor-
der, halo sign, and heterogeneous appearance were better dis-
played on US post-CEUS, which helped us get accurate diag-
nosis. Of them, a 4.4 cm hyperechoic HCC was regarded as
right adrenal gland tumor at first due to close relationship
with right adrenal gland. CEUS did not deny this diagnosis.
The tumor was later diagnosed as possible HCC by US post-
CEUS because typical halo sign and “nodule in nodule” sign
appeared on US post-CEUS.

In the analysis of the conventional US scanning before
and after CEUS in 43 hepatic metastases, we found improve-
ment of imaging characteristics including margin definition
and contrast resolution. It should be noted that the echogen-
icity on US post-CEUS was related to the enhanced patterns
onCEUS in some cases.The rim-like enhancement of hepatic
metastasis in CEUS process reflects fibrosis or necrosis in the
center of the lesion [22], which might explain the phenom-
enon why the echogenicity decreased on US post-CEUS in
such tumors. The nodular enhancement in CEUS process
reflects rich blood flow and vascular structure in the whole
lesion and usually results in brighter and heterogeneous
echogenicity of lesions on US post-CEUS.

In this study, US post-CEUS found more small lesions
(<2 cm) in 18 cases, which were not detected by US pre-
CEUS. Among them, 11 lesions (8 HCCs and 3 hepatic metas-
tases) underwent biopsy or local treatment immediately.This
proved the clinical value of US post-CEUS in detecting small
lesions and guiding biopsy or local treatment of the lesion.

4.2.2. Hemangioma. Hemangioma is the most common
benign focal lesion in the liver and usually represents a homo-
geneous hyperechoic nodule. In 1993, Moody and Wilson
[23] described a pattern that is strongly suggestive of hem-
angioma—the presence of a circumferential echogenic rim
contiguous to normal liver and inner granular hypoecho.
In this study, we regarded both of the US appearances as
diagnostic criteria for hemangioma. The main advantage of
US post-CEUS lied in the improvement of visibility of lesion
border and inner architecture; as seen, that US post-CEUS
revealed echogenic rim in 31 lesions and inner granular
hypoecho in 18 lesions while US pre-CEUS detected these in
only 18 and 9 lesions, respectively.This information helped us
to accurately diagnose hemangioma. The mechanism might
also be related to the fact that the remaining microbubbles
in the liver after CEUS increased the contrast between
hemangioma and adjacent liver parenchyma and between
different tissue compositions of hemangioma.

Sometimes it is difficult to distinguish hemangioma from
other liver lesions with CEUS, especially in patients with
malignancy history. In one case of the study, a small heman-
gioma in the left liver lobe coexisted with a large HCC
in the right lobe. The hemangioma was misdiagnosed as
malignant based on the clinical data and its relatively quick
wash-out on CEUS. After review of the US post-CEUS
image, obvious echogenic rim was found around the lesion
and then hemangioma was considered. Another two cases
after colon-rectal carcinoma surgery had a hemangioma.
The hemangioma presented atypical perfusion on CEUS but

finally got accurate diagnosis with reference to the echogenic
rim and inner granular hypoecho on US post-CEUS scans.

It should be noted that there was a specific “echo change”
phenomenon in hemangioma on US pre- and post-CEUS.
In hyperechoic hemangiomas on US pre-CEUS, echogenicity
tended to decrease on US post-CEUS; in hypoechoic heman-
giomas on US pre-CEUS, echogenicity tended to increase on
US post-CEUS. This phenomenon might be related to the
different proportion of vascular channels and fibrous septa of
different hemangiomas.

4.3. Limitations. The US post-CEUS is a compensatory and
dependent examination. It cannot bring dramatic improve-
ment for CEUS, since CEUS already had high diagnostic
accuracy rate. Furthermore, the US post-CEUS examinations
should be performed within a short time after CEUS, and
evaluation of US post-CEUS requires experience in scan-
ning and observation skills. However, without injection of
additional contrast agent, US post-CEUS provided important
information about ultrasound features and changed diagnos-
tic result in some cases with atypical CEUS perfusion pattern.
It would be helpful and easy to do in clinical practice.

5. Conclusions

US post-CEUS optimized the display of tumor boundary and
internal structures compared with conventional grey-scale
US, thus providing additional information about pathological
characteristic of liver lesions. US post-CEUS was a comple-
mentary diagnostic method for lesions with atypical CEUS
pattern, and it could also guide immediate biopsy and local
treatment if necessary for small lesions, which are difficult to
be displayed on conventional US.
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Nonlinear contrast-enhanced ultrasound imaging schemes strive to suppress tissue signals in order to better visualize nonlinear
signals from blood-pooling ultrasound contrast agents. Because tissue does not generate a subharmonic response (i.e., signal at half
the transmit frequency), subharmonic imaging has been proposed as a method for isolating ultrasound microbubble signals while
suppressing surrounding tissue signals. In this paper, we summarize recent advances in the use of subharmonic imaging in vivo.
These advances include the implementation of subharmonic imaging on linear and curvilinear arrays, intravascular probes, and
three-dimensional probes for breast, renal, liver, plaque, and tumor imaging.

1. Introduction

Contrast-enhanced ultrasound (CEUS) relies on intra-
venously injected gas microbubbles to improve backscat-
tering from within the vasculature [1]. Due to differences
in acoustic impedance and compressibility between the
microbubbles and surrounding media, ultrasound contrast
agents act as nonlinear scatters. Relative to the transmit
frequency (𝑓

0
), this nonlinearity results in the generation

of higher harmonics (𝑛 ⋅ 𝑓
0
), as well as ultraharmonics

(𝑛/2 𝑓
0
). Contrast-specific software is now available on most

ultrasound scanners to better visualize ultrasound contrast
agents relative to the surrounding tissue [1]. The majority
of these approaches rely on receiving signals at the higher
harmonic frequency, thus suppressing linear signals from the
surrounding tissue [1]. However, tissue has also been shown
to generate nonlinear harmonic signals and thus complete tis-
sue suppression using such techniques is rarely achieved [2].

Our group has focused on the development and appli-
cation of subharmonic imaging (SHI) for over 15 years [3].
SHI works by receiving at half the transmitting frequency
(𝑓
0
/2) where tissue does not generate a nonlinear response.

This technique benefits from increased depth penetration
(due to less attenuation of the signal at the lower frequency)

and improved contrast-to-tissue ratios (CTRs) relative to
harmonic imaging [2].The feasibility of SHI has been demon-
strated for a variety of applications by several independent
groups [4–11]. However, our group has been the leader in the
translation of SHI to in vivo applications going back more
than a decade [3]. In this paper, we review our experiences
with in vivo SHI including a variety of transducer options and
clinical applications.

2. Subharmonic Imaging on 2D Linear Arrays

In vivo SHI was first performed by implementing subhar-
monic frequency filters on a Logiq 9 scanner with a 7L probe
(GEHealthcare,Milwaukee,WI). By transmitting at 4.4MHz
and receiving at 2.2MHz, subharmonic time intensity curves
were generated from canine renal vasculature [12]. These
curves were then used to calculate tissue perfusion, using
a nonradioactive isotope microbead assay as a reference
standard [12]. SHI tissue perfusion estimates were found to
correlate well in high perfusion states in the anterior of the
kidneys (𝑟 = 0.73; 𝑃 = 0.0001) [12]. This SHI setup was
then used for a clinical pilot study for characterizing breast
lesions inwomen [13]. In 14women (16 total lesions) receiving
intravenous injections of either Definity (Lantheus Medical
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(a) (b) (c)

Figure 1: SHI exam of a 3.6 × 2.4 cm exophytic renal mass (arrow) at baseline (a), peak enhancement (b), and at peak enhancement 4 months
after percutaneous cryoablation (c).

Imaging, North Billerica, MA) or Optison (GE Healthcare,
Princeton, NJ), SHI was found to significantly improve
enhancement of the mass relative to contrast-enhanced
Power Doppler (100% versus 44% of lesions with good or
excellent enhancement; 𝑃 = 0.004). However, no statistically
significant improvements in the area under receiver operating
characteristics curve (Az) were observed between SHI (Az
= 0.78) and any ultrasound mode for mass characterization
(𝑃 > 0.2); [13], until postprocessing motion compensation
and maximum intensity projections were applied (SHI Az =
0.90; 𝑃 = 0.03 relative to mammography; [14]). Quantitative
analysis has also since been applied to this dataset, showing
that parametric analysis of mass perfusion [15] and vascular
skeletonization [16] may also be useful parameters for char-
acterizing breast lesions when using SHI.

SHI has also been implemented on other linear arrays by
our group for research purposes. Recently, we implemented
SHI on a Sonix RP scanner with a L9-4 probe (Analogic
Ultrasound, Richmond, BC, Canada). SHI was performed
using a variety of settings including transmitting 6.7 and
10MHz. This setup was then used to estimate tumor intersti-
tial pressure in swine [17] and angiogenic marker expression
in a murine breast cancer model [18] with Definity. Rat
tumors were also scanned with a Vevo 2100 (Visualsonics,
Toronto, Ontario, Canada) using a 24MHz probe during
injection ofDefinity [19]. Similar to work byNeedles et al. [6],
subharmonic images were constructed by the postprocessing
acquired radiofrequency data on the Vevo 2100 using filters
at the subharmonic [19]. Tumor fractional vascularity was
then calculated using both high frequency (𝑓

0
= 24MHz) and

low frequency (𝑓
0
= 8MHz) SHI and compared to angio-

genic marker expression on pathology, with the strongest
correlation observed between high frequency SHI and vas-
cular endothelial growth factor expression [19]. These results
demonstrate the feasibility of SHI on a variety of ultrasound
scanners using a variety of frequency pairings.

3. Subharmonic Imaging on
a Curvilinear Array

Pulse inversion subharmonic imaging has been implemented
on a curvilinear probe on a Logiq 9 ultrasound scanner (GE

Healthcare).This setup provides 4 cycle pulses transmitted on
a 4C probe transmitting at 2.5MHz and receiving at 1.25MHz
[20]. In addition, the experimental software transmits inter-
leaved B-mode pulses to provide dual B-mode/SHI imaging
[20]. This setup then allows the contrast-specific imaging of
SHI with an ability to locate anatomical landmarks on B-
mode ultrasound.

Our group has demonstrated the ability to perform SHI
within the hepatic vasculature of both canines and humans
using this curvilinear probe with the ultrasound contrast
agent Sonazoid (GE Healthcare, Oslo, Norway) [20, 21].
More recently, our group has used this setup to image renal
masses as a means for evaluating percutaneous cryoablation
using the ultrasound contrast agent Optison (GE Healthcare,
Princeton, NJ) [22]. An example from these studies is shown
in Figure 1, depicting a 3.6× 2.4 cm renal exophyticmass with
calcifications on the right kidney of a patient prior to con-
trast injection (a), at approximate peak enhancement before
cryoablation (b), and at approximate peak enhancement 4
months after cryoablation (c). Clear enhancement is visible
within the mass and renal cortex before treatment (Figure 2
middle), while enhancement is only visible within the renal
cortex after cryoablation (Figure 2 right) indicating effective
ablation of the mass. Our group is currently investigating the
ability to perform similar imaging studies in the pancreas as
a means for characterizing pancreatic masses. Such results
from the liver, kidneys, and pancreases demonstrate the
ability of SHI to be performed at depths greater than 8 cm
for abdominal applications.

4. Subharmonic Imaging Using
Intravascular Ultrasound

Intravascular ultrasound is capable of providing real-time
cross-sectional visualization of blood vessels at high reso-
lution (100–150 𝜇m) [23], making it the preferred imaging
modality for studying atherosclerosis. Characterizing vascu-
lar tissue and plaque composition is essential for determining
the type of interventional procedure and subsequent pharma-
ceutical administration. However, the similar echogenicity
of plaque and surrounding vascular tissue makes it hard to
accurately differentiate between normal and atherosclerotic
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Figure 2: Intravascular ultrasound images of plaque in a rabbit model at baseline (left images) and during peak enhancement (right images)
in both the original fundamental mode (top images) and SHI frequency filtered images (bottom images).

tissue. Our group investigated the ability to improve this
delineation by isolating the subharmonic frequency response
from Definity using a commercially available intravascular
ultrasound system, Galaxy (Boston Scientific/Scimed, Marl-
borough, MA) [24, 25].

Contrast-enhanced intravascular ultrasound was per-
formed on Watanabe Heritable Hyperlipidemic (WHHL)
rabbits with atherosclerosis induced by a combination of high
cholesterol diet and balloon deendothelization. Imaging was
performed at a transmit frequency of 40MHz (transmitting
2 cycle pulses) at a peak negative pressure of 5.6MPa. The
radiofrequency data was transferred to a desktop computer
and filtered offline. Preliminary filters designed to isolate the
subharmonic component (20MHz) from the radiofrequency
data were evaluated based onCTR and visual examination for
image noise, plaque visualization, and vessel lumen visualiza-
tion. Based on the outcomes, a subharmonic adaptive filter
was developed along with a stopband filter (to suppress tissue
signal around 40MHz). Quantitatively, SHI had significantly
higher vessel-plaque CTR than the fundamental (2.01 ± 2.21
versus 1.76 ± 2.28, 𝑃 < 0.01), therefore producing the
best plaque delineation [25]. An example of intravascular
SHI from this study is shown in Figure 2, comparing the
original acquired fundamental frequency data (top) and SHI
filtered intravascular images (bottom) at baseline (left) and
during peak enhancement (right). SHI provides improved
tissue suppression relative to the fundamental, which leads to

an improved delineation of the plaque neovascularity during
contrast enhancement. Parametric images were also created
from this dataset by constructing time intensity curves on a
pixel by pixel basis. Using this analysis, it was shown that the
generation of maximum intensity projections, perfusion, and
time-integrated intensity (representing the area under the
time intensity curve) further improved vessel-plaque CTRs
for SHI relative to the fundamental and nonparametric SHI
datasets (𝑃 < 0.04; [24]).

5. 4D Subharmonic Imaging

While results using 2D SHI in cancer imaging have been
promising, tumor vasculature is often tortuous and hetero-
geneous, due to the erratic formation of blood vessels during
angiogenesis [26, 27]. Thus, 2D imaging may fail to fully
visualize the complete vascular architecture of these masses,
which may also be useful for characterization. This line of
reasoning has led us to the development of 4Dor real-time 3D
SHI in order to better visualize the complete vascular struc-
ture within a volume. Recently, 4D SHI was implemented on
a 4D10L probe in combinationwith experimental software on
a Logiq 9 scanner (GE Healthcare). This setup enables 4D
pulse inversion SHI (transmitting 4 cycle pulses at 5.8MHz
and receiving at 2.9MHz) and 4D pulse inversion HI (trans-
mitting 2 cycle pulses at 5MHz and receiving at 10MHz) [28].
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Figure 3: 4D SHI example of canine renal vasculature during open abdomen scanning at baseline (a), during early contrast wash in (b),
during later wash in (c), and during full enhancement (d).

Our group has demonstrated that sufficient volume
acquisition rates can be generated with this equipment (1.8
to 2.2 volumes/second for 2.5 × 2.5 × 2.5 cm volumes) and
that 4D SHI provides improved CTRs relative to 4D HI
in both phantoms and canine kidneys (12.11 ± 0.52 versus
2.67 ± 0.77, 𝑃 < 0.001 in vitro, and 5.74 ± 1.92 versus 2.40 ±
0.48, 𝑃 = 0.4 in vivo [28].) An example of 4D SHI of
canine renal vasculature during open abdomen scanning
is shown in Figure 3. At baseline (Figure 3(a)), complete
tissue suppression is evident. As contrast agent washes in
to the renal vasculature (Figures 3(b) and 3(c)), a complete,
connected representation of the larger renal vessels is demon-
strated, before full enhancement of the entire kidney becomes
apparent (Figure 3(d)). Our group has also investigated the
ability of these modes to estimate tissue perfusion in a canine
kidney model using a neutron labeled microsphere assay as a
reference standard and found that 4D SHI provided a better
overall estimate than either 4D HI or 2D SHI [29].

Currently, our group is conducting a multicenter clinical
trial with the University of California, San Diego, to investi-
gate the use of 4D SHI and HI with this setup to characterize
breast masses identified by mammography. Such a technique
is hoped to reduce the large number of false-positive masses
currently referred for biopsy after mammography. While this
study is ongoing and the clinical utility of these techniques
has yet to be determined, we have reported that 4D SHI
provides improved tissue suppression in almost all cases to
date and an improved ability to visualize vasculature within
lesions [30]. An example case from this study is shown

in Figure 4, showing a 2.1 × 1.8 × 1.6 cm ductal invasive
carcinoma in situ (DCIS) at baseline (a) and during contrast
enhancement (b). Identification of several feeding vessels
(red arrows) can be seen in multiple imagine places during
enhancement, demonstrating the importance of volumetric
imaging.

6. Conclusions

The implementation of SHI has been shown to be feasible
using a variety of ultrasound scanners and probes. The
development of SHI on linear, curvilinear, intravascular, and
4D arrays has provided research avenues for a variety of
clinical applications. These current research applications are
expected to translate to clinical tools for improving patient
care in the future.
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Objective. The goal of this study was to explore the clinical value of combining two-dimensional (2D) and three-dimensional (3D)
transvaginal contrast-enhanced ultrasounds (CEUS) in diagnosis of endometrial carcinoma (EC). Methods. In this prospective
diagnostic study, transvaginal 2D and 3D CEUS were performed on 68 patients with suspected EC, and the results of the
obtained 2D-CEUS and 3D-CEUS images were compared with the gold standard for statistical analysis. Results. 2D-CEUS benign
endometrial lesions showed the normal uterine perfusion phase while EC cases showed early arrival and early washout of the
contrast agent and nonuniform enhancement. The 3D-CEUS images differed in central blood vessel manifestation, blood vessel
shape, and vascular pattern between benign andmalignant endometrial lesions (𝑃 < 0.05). Sensitivity, specificity, positive predictive
value, negative predictive value, and accuracy of transvaginal 2D-CEUS and 2D-CEUS combined with 3D-CEUS for diagnosis
of benign and malignant endometrial lesions were 76.9%, 73.8%, 64.5%, 83.8%, and 75.0% and 84.6%, 83.3%, 75.9%, 89.7%, and
83.8%, respectively. Conclusion. 3D-CEUS is a useful supplement to 2D-CEUS and can clearly reveal the angioarchitecture spatial
relationships between vessels and depth of myometrial invasion in EC. The combined use of 2D and 3D-CEUS can offer direct,
accurate, and comprehensive diagnosis of early EC.

1. Introduction

Endometrial carcinoma (EC) is the second most predom-
inant cancer of the female reproductive tract, typically
occurring in perimenopausal women around 50 years of
age. Its incidence rate shows a rising tendency worldwide,
yet the 5-year survival rate has declined [1]. EC is one
of the most serious problems threatening women’s health
worldwide. Ultrasonography, hysteroscopy, curettage, and
other ways have been widely used in differential diagnoses
of endometrial lesions. However, the rates of misdiagnosis
and missed diagnosis are as high as 10%–35% [2]. The
ways of the accuracy need to be further improved. The
depth of myometrial invasion is an important factor affecting
the 5-year survival and recurrence of endometrial cancer.
Curettage scraping is the most commonly used and most

valuable diagnostic methods. Curettage has the benefit of
early diagnosis in endometrial carcinoma but demonstrates a
degree of difficulty when evaluating themyometrial invasion.
Hysteroscopy is considered the gold standard in the diagnosis
of intrauterine lesions [2], but it is an invasive examina-
tion method and cannot evaluate the degree of myometrial
invasion. MRI clearly shows the uterus and pelvic lymph
nodes of each layer structure; this is the most reliable method
of identifying cervical involvement, but it is unpredictable
in estimating the depth of myometrial invasion 79.2%∼
91.4% [3, 4]. PET/CT in pelvic lymph node metastasis in
endometrial cancer shows a huge advantage, especially for
themetastasis lymph nodes >5mm in diameter [5]. However,
the examination method is expensive and has an extensive
test time; furthermore, there is the risk of allergy to the
contrast agent. Beyond this, the method is widely limiting
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for patients with specific requirements. Saline infusion sono-
hysterography improves the rate of diagnosis of endometrial
carcinomas, but that process may disseminate malignant
cells into the peritoneal cavity through the fallopian tubes
[6]. Correct preoperative identification of the nature of
endometrial lesions and proper assessment of the depth
of myometrial invasion EC are issues of common interest
for both clinicians and ultrasound physicians. Though the
transvaginal ultrasound examination has become the most
common method, it is performed in real time, involves no
radiation, and is inexpensive and noninvasive. However, it
can only provide information relating to tumor vessels and
the blood supply and distribution within the macroscopic
evaluation of lesions; probing and displaying some of the
microcirculation and small blood vessels result in an unde-
sirable effect [7]. With the rapid development of contrast-
enhanced ultrasound imaging and related technologies, it
is now possible to diagnose disease from the level of orga-
nization in a microcirculation perfusion study, which has
greatly improved the accuracy of an ultrasonic diagnosis.
We can better detect the blood flow in small, deep vessels,
and this in turn improves the ability to differentiate between
areas of normal and abnormal perfusion [8]. This study
was to evaluate the utility of contrast-enhanced Sonography.
Contrast agents is SonoVue, it is a kind of blood pool and it
can reflect the blood flow perfusion of sensitive information
and improve the accuracy of disease diagnosis [9]. The
goal was to determine the clinical value of preoperative
transvaginal CEUS in identifying the nature of endometrial
lesions and assessing the depth of myometrial invasion to
provide a basis for preoperative selection of proper treatment
options in clinical practice.

2. Materials and Methods

2.1. Subjects. Sixty-eight patients with clinically suspected EC
were subjected to CEUS examinations in the Department
of Ultrasound in Obstetrics and Gynecology, First Affiliated
Hospital of Xinjiang Medical University, from January 2013
to February 2014. The patients were 23–78 years of age, with
a mean age of 50.72 ± 12.90 years. All patients signed an
informed consent, which had been approved by the ethics
committee before CEUS.

2.2. Instruments and Methods. MyLab90 color Doppler
(Esaote SpA, Genoa, Italy) ultrasonography with supporting
CnTI imaging software and 3D reconstruction software was
used. The probe model was EC123, with a frequency of 3.0–
9.0MHz and a mechanical index (MI) of 0.08. SonoVue
contrast agent was used (Bracco SpA, Milan, Italy). For use
of a contrast agent, 59mg SonoVue was added to 5mL
saline and mixed well. A bolus of 2.4mL was injected into
the median cubital vein and was immediately followed by
injections of 5–10mL saline. After emptying the bladder, each
patient assumed a lithotomy position and a conventional
2D transvaginal ultrasonography of the uterus, ovaries, and
pelvis was performed.The endometrial thickness and uterine
morphology, the presence or absence of abnormal intrauter-
ine lumps or fluid, tumor invasions in the myometrial,

cervical or parauterine tissues, and the endometrium as
well as blood flow in the endometrial lesion were exam-
ined. After the sagittal plane of the uterus and endometrial
morphology were clearly revealed in the 2D mode, CEUS
mode was begun with the suspected myometrial invasion
or the deepest invasion serving as the section of interest.
After 2.4mL of contrast agent had been injected into the
cubital vein, the lesion was observed continuously for over
3min. After 10min, scanning of the lesion was performed
in dynamic 3D mode, and the images were stored. Two
experienced physicians analyzed images obtained from 68
patients, in a double-blind fashion, independently, using
3D software. The perfusion characteristics of the contrast
agent, intensity of enhancement, enhancement start time,
peak time, contrast agent washout time, and lesion border,
as well as endometrial thickness, lesion range, thickness of
normal uterine myometrium, and thickness of myometrial
invasion, were determined. For all 68 patients, surgery was
performed within one week after the CEUS examination, and
the ultrasound results were compared with results of surgical
pathology.

2.3. Diagnostic Criteria in the Experiment

(1) CEUS Diagnostic Criteria for EC. The endometrial per-
fusion shows “early in, early out” regarding the contrast
agent, that is, early arrival, early peak, and early washout
of the contrast agent; regarding intensity and uniformity of
enhancement, EC was manifested using nonuniform high
enhancement [10, 11].

(2) Assessment of Tumor Myometrial Invasion Depth. In
3D-CEU, the difference between the thickness of nor-
mal myometrium (i.e., the distance between endometrial-
myometrial interface and serosa) and the distance from the
deepest lesion invasion to serosa is defined as the depth of
lesion invasion. According to the ratio of this depth to the
thickness of the normal myometrium, invasion depth can be
divided into the following two categories: <1/2 and ≥1/2 [12].

2.4. Analysis of Blood Flow Signals

(1) Vascular Pattern [13]

Type I. There is no blood flow signal surrounding or within
the tumor.

Type II. There are blood flow signals in the shape of dots or
lines surrounding the tumor and no blood flow signal within
the tumor.

Type III. In addition to surrounding blood vessels, there are
sparse blood vessels within the tumor, with simple branching
and a relatively straight course.

Type IV. There is relatively rich vascular tree or vascular
network within the tumor, with complex branching, tortuous
and irregular shapes, and blood vessels surrounding the
tumor.
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Table 1: Features of CEUS images of benign and malignant endometrial lesions (number of cases).

Nature of
lesion

Number of
cases

Perfusion phase of contrast agent Intensity of enhancement Uniformity of
enhancement

Early in early
out

Early in late
out

Normal in
normal out High Medium Low Even Uneven

Benign 42 19 3 20 17 14 6 29 15
Malignant 26 17 4 5 20 5 3 11 15
Statistics
value −2.009 −1.880 3.717

𝑃 value 0.045 0.060 0.054
Note: 𝜒2 test and rank sum test.

(2) Analysis of Time-Intensity Curve. The time intensity of the
tumor section was measured prior to the angiography and
continuously after injection of the contrast agent until the
intensity recovered to the level before the angiography.There
were three crucial temporal parameters of the CEUS blood
flow images, which included the following: enhancement
start time, peak time, and transit time.

2.5. Statistical Analysis. SPSS17.0 statistics software was used
for data analysis. Quantitative data are expressed as mean ±
standard deviation. For qualitative data, 𝜒2 test and rank sum
test were performed. 𝑃 < 0.05 was considered statistically
significant. The sensitivity (Sen), specificity (Sep), positive
predictive value (PV+), negative predictive value (PV−), pos-
itive likelihood ratio (LR+), negative likelihood ratio (LR−),
and accuracy rate of 2D-CEUS and 2D-CEUS combined with
3D-CEUS in diagnosing the nature of endometrial lesion and
assessing the myometrial invasion depth in EC (<1/2, ≥1/2)
were determined.

3. Results

3.1. Basic Clinical Information. Among the 68 patients
diagnosed with endometrial lesions using a conventional
transvaginal ultrasound, there were 32 cases of endome-
trial thickening, with endometrial thickness of 0.5–3.0 cm
and a mean thickness of 2.05 ± 0.87 cm. There were 23
cases of intrauterine lesions with abnormal echoes and
unclear boundaries between the lesion and the surrounding
myometrium, 13 cases of endometrial thickness <0.5 cm and
uneven endometrial echoes, and 15 cases of endometrial
lesion with concomitant uterine fluid.

3.2. Pathology Results of the 68 Cases of Suspected EC. There
were 42 cases of benign endometrial lesions with 19 cases of
endometrial polyps, 10 cases of endometrial hyperplasia, 3
cases of submucosal uterine fibroids, 4 cases of uterine fluid
and blood accumulation, and 6 cases of cystic endometrial
atrophy. There were 26 cases of EC with 18 cases of tumor
myometrial invasion to depths of <1/2 and 8 cases to a depth
of ≥1/2.

3.3. CEUS Results. (1) CEUS manifestations of benign
endometrial lesion: the characteristics of the contrast agent
perfusion in the 42 cases of benign endometrial lesion

are shown in Table 1. 3D-CEUS clearly revealed abnormal
intrauterine space-occupying lesions; particularly in the
coronal section it showed the continuity of endometrial
stripe, the morphology of endometrial edge, and the intact
basal layer of endometrium and directly revealed the spatial
relationship between the lesion and the myometrium. For
these benign endometrial lesions, 3D-CEU showed straight
blood vessels of regular shapes near the lesion and sparse
blood vessel distribution within the lesion, and the vascular
patterns were mostly types II and III (see Table 2).

(2) CEUS manifestations of EC: the lesions in 25 cases
of EC showed medium-high enhancement. A small amount
of thickened, irregular nourishing blood vessels from the
myometrium to the uterine cavity was found, and the
involved myometrium mainly exhibited uneven enhance-
ment. During the washout period, washout of the contrast
agent was faster than in normal myometrium, and the
boundary between the lesion and the myometrium was clear.
The depth of myometrial invasion was determined in the
washout period. In 14 cases, the involved myometrium had
a thickness of <1/2 of the myometrial thickness, and in eight
cases the involvedmyometrium had a thickness of ≥1/2 of the
myometrial thickness. In three cases, low enhancement and
a normal myometrial perfusion phases were found. Imag-
ing and reconstruction of the spatial relationships between
tissues supplemented the diagnostic ability of 2D-CEUS
findings. In one case, EC at a uterine horn overlooked on
2D-CEUS was identified with 3D-CEUS. In two cases, the
lesion was found to be larger than previously detected on 2D-
CEUS. 3D-CEUS corrected one case that was misdiagnosed
as stage IA EC with 2D-CEUS imaging; the correct diagnosis
using 3D ultrasound imaging and pathology was endometrial
polypswith uterine adenomyosis. 3D-CEU revealed tortuous,
irregular blood vessels, twisted into groups (Figure 1), which
were predominantly characteristic patterns of types III and
IV (Table 2).

The benign and malignant endometrial lesions differed
significantly in the perfusion phase of the contrast agent (𝑃 <
0.05) but not in intensity of enhancement or uniformity of
enhancement (𝑃 > 0.05) (see Table 1).

The 3D-CEUS images of benign and malignant endome-
trial lesions differed significantly in display of central blood
vessels, blood vessel shapes, and vascular patterns (𝑃 < 0.05)
(see Table 2).
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Table 2: 3D-CEUS images of benign and malignant endometrial lesions (number of cases).

Nature of lesion Number of cases Central blood vessel Blood vessel shape Vascular type
Revealed Not revealed Straight Irregular I II III IV

Benign 42 10 32 39 3 10 10 17 5
Malignant 26 21 5 8 18 1 5 8 12
Statistic value 21.004 29.002 −3.105
𝑃 value 0.000 0.000 0.002
Note: 𝜒2 test and rank sum test.

(a) (b)

(c)

Figure 1: Endometrial carcinoma with superficial myometrial invasion Stage IA. (a) Image at the 16th second after administration showed
blood flow signals in the shape of lines (arrows). (b) Image at the 19th second showed the maximal concentration of contrast agent in the
tumour (arrows). (c) Image of 3D-CEUS shows tortuous, irregular blood vessels twisted into a group (arrow).
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Figure 2: The time-intensity curve for endometrial lesion. Red
curve: the time-intensity curve for endometrial carcinoma, rapid
rise, and rapid decline, with a sharp peak. Blue curve: the time-
intensity curve for benign endometrial lesion, rapid rise, and slow
decline, with a blunt peak.

(3) Time-intensity curve of CEUS: in the malignant
endometrial lesion group, the time-intensity curves showed
an overall shape of “rapid rise and rapid decline” with a
peak sharp (Figure 2). In the benign endometrial lesion
group, the time-intensity curves showed an overall shape of
“rapid rise and slow decline” with a round and blunt peak
(Figure 2). Regarding the angiographic parameters, the two
groups differed significantly in the enhancement start time
(𝑃 < 0.05) but not in the peak time or transit time (𝑃 > 0.05)
(see Table 3).

(4) The diagnoses performance of endometrial lesions
using transvaginal 2D-CEUS and combined 2D- and 3D-
CEUS are illustrated in Table 4.

3.4. The Clinical Value of Combined 2D and 3D Transvaginal
CEUS in the Assessment of Myometrial Invasion Depth in EC.
(1) Characterization of endometrial lesions using CEUS: all
the 68 patients with suspected EC underwent preoperative
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(a) (b)

(c)

Figure 3: Endometrial hyperplasia and myoma of uterus misdiagnosed as stage IB endometrial cancer. (a), (b), and (c) represent the first 16
seconds, 19 seconds, and 26 seconds, respectively, showing two thick blood vessels (b) extending from fundal myometrium to uterine cavity
and the maximal concentration of contrast agent (c) in the tumour.

(a) (b)

(c)

Figure 4: Adenomyosis with concomitant endometrial polyp was mistakenly diagnosed as EC. Image at 20 and 23 seconds and 3D-CEUS
showed that the adenomyosis was manifested by a locally enhanced echogenic area, and its boundary with the uterine cavity was unclear; it
was thus misdiagnosed as deep myometrial invasion in endometrial carcinoma.
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Table 3: Parameter analysis of the time-intensity curves for endometrial lesions.

Nature of lesion Number of cases Enhancement start time (ms) Peak time (s) Transit time (s)
Benign 42 16200.00 (4950.000) 25.46 (13.405) 43.08 (17.490)
Malignant 26 12960.00 (3810.000) 23.83 (9.360) 38.13 (16.325)
Statistics value −2.581 −1.011 −1.117
𝑃 value 0.010 0.312 0.907
Note: rank sum test.

Table 4: The diagnoses performance of endometrial lesions using transvaginal 2D-CEUS and combined 2D- and 3D-CEUS.

Methods Sen Spe LR+ LR− PV+ PV− Accuracy rate
2D 76.9% 73.8% 1.81 0.40 64.5% 83.3% 75.0%
2D + 3D 84.6% 83.3% 5.07 0.18 75.9% 89.7% 83.8%
Sen: sensitivity.
Spe: specificity.
LR+: positive likelihood ratio.
LR−: negative likelihood ratio.
PV+: positive predictive value.
PV−: negative predictive value.

Table 5: Diagnosis on the depth of myometrial invasion using
combined transvaginal 2D- and 3D-CEUS.

Method Ultrasound diagnosis Staging Total
<1/2 ≥1/2

2D-CEUS <1/2 16 4 20
≥1/2 3 6 9

2D + 3D-CEUS <1/2 17 2 19
≥1/2 3 8 11

2D-CEUS and 3D-CEUS examinations. With 2D-CEUS, 29
cases were diagnosed with EC; of these, 24 cases were cor-
rectly diagnosed. Five cases with benign endometrial lesions
were mistakenly diagnosed as EC (three cases of endometrial
polyps, one case of submucosal fibroid, and one case of
endometrial hyperplasia). In a mistakenly diagnosed case
(endometrial hyperplasia with concomitant uterine fibroid),
2D-CEUS revealed two thick blood vessels extending into the
uterine cavity (Figure 3). Two cases of EC were mistakenly
diagnosed as benign uterine lesions (one case of stage IA EC
was diagnosed as endometrial hyperplasia, and another case
of stage IA EC was diagnosed as an endometrial polyp). With
3D-CEUS, 30 cases were diagnosed with EC, and, of these,
25 cases were correctly diagnosed. In one case, adenomyosis
with concomitant endometrial polyp was mistakenly diag-
nosed as EC (Figure 4), and in two cases, EC was mistakenly
diagnosed as an endometrial polyp.

(2) Assessment of myometrial invasion depth in malig-
nant endometrial lesions using CEUS: diagnostic results on
the depth of myometrial invasion in EC using 2D-CEUS and
combined 2D- and 3D-CEUS are shown in Table 5.

(3) The quality of the diagnosis on the depth of myome-
trial invasion in EC using 2D-CEUS and combined 2D- and
3D-CEUS is illustrated in Table 6.

4. Discussion

EC and benign endometrial lesions are both common
gynecological diseases. The clinical manifestations of the
two are very similar, yet the clinical treatment methods
as well as prognoses are completely different. Therefore, a
correct differential diagnosis between benign and malignant
endometrial lesions and accurate assessment of myometrial
invasion in EC are crucial for clinical practice. It is diffi-
cult to determine the nature of endometrial lesions using
conventional ultrasound [14]. CEUS can clearly reveal tiny
blood vessels in the lesions and tumor perfusion and allow
the continuous observation of the contrast agent in the
lesions from arrival to washout. Further image processing
can isolate and cancel out base level signals from normal
tissues and display the contour of the lesion [15, 16]. Luo et al.
[17] reported that the accuracy of diagnosing endometrial
thickening using CEUSwas significantly improved compared
to conventional ultrasound. Here, we found that the accuracy
of characterization of endometrial lesions using combined
2D-CEUS and 3D-CEUS (83.8%) was higher than using 2D-
CEUS alone (75.0%). Malignant and benign endometrial
lesions were found to differ during the perfusion phase of
the contrast agent, which is consistent with the findings
reported by Chen et al. [18]. It has been shown that [19],
among all diagnosed EC patients, 75%–80% cases are stage
I EC. Zamani et al. [20] reported that the surgical staging
criteria revision by FIGO in 2009 improved the accuracy
of preoperative staging of early EC patients. Hence, the
focus of diagnosis has changed from determining whether
there is myometrial invasion to assessing the myometrial
invasion depth. The lymph node metastasis rate of stage IA
EC is less than 5%, and thus typically no retroperitoneal
lymph node dissection is performed. Yet, for stage IB EC
patients, resection of uterus and bilateral attachments as well
as retroperitoneal lymph node dissection is performed [21].
Hence, a preoperative diagnosis must not only differentiate
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Table 6: Quality of diagnosis on the depth of myometrial invasion using combined transvaginal 2D- and 3D-CEUS.

Methods Sen Spe LR+ LR− PV+ PV− Accuracy rate 𝐾 value
2D 84.2% 60.0% 2.11 0.26 80.0% 66.7% 75.9% 0.453
2D + 3D 85.0% 77.8% 3.83 0.19 89.5% 70.0% 82.8% 0.609
Sen: sensitivity.
Spe: specificity.
LR+: positive likelihood ratio.
LR−: negative likelihood ratio.
PV+: positive predictive value.
PV−: negative predictive value.

Figure 5: 3D-CEUS reveals the spatial relationship between
the intrauterine lesion and the surrounding myometrium clearly
(arrows).

between benign and malignant endometrial lesions, but also
accurately determine myometrial invasion depth in EC. A
study by Liu et al. [11] reported that compared to conventional
ultrasound CEUS showed a higher accuracy rate in assessing
the depth of myometrial invasion (67.1%). This is a blow
to our findings (the accuracy rate of 2D-CEUS diagnosis
was 75.9%; that of combined 2D-CEUS and 3D-CEUS was
82.8%). However, Pei et al. [22] suggested that CEUS was not
significantly more accurate when assessing the myometrial
invasion depth in the diagnosis of stage I EC.

Transvaginal 2D-CEUS is the preferred method for
examination of endometrial lesions. Yet, endometrial lesions
are typically irregularly shaped, and transvaginal 3D-CEUS
images are direct, clear, and of course three-dimensional [23]
and therefore capable of displaying the size and morphology
of the lesion from all angles and its spatial relationship with
the endometrial wall (Figure 5). Thus, 3D-CEUS imaging
is superior to 2D-CEUS in revealing endometrial lesions
and can provide a reliable basis for diagnosis [24]. In
particular, 3D-transvaginal sonography (3D-TVS) has special
advantages in assessingmyometrial invasion in EC. However,
the endometrial lesion is smaller than the myometrium, and
the two are in close proximity to each other. Conventional
sonography cannot clearly depict the precise location of the
lesion, making it difficult to accurately evaluate the depth of
myometrial invasion.The developments in CEUS and related
technologies have improved the capability of ultrasound
in lesion detection and qualitative diagnosis. During the
enhancement period, the base of the lesion can be determined

with relative ease, and, during the washout period, the
boundary between the lesion and normal myometrium is
clear, which helps determine the presence of myometrial
invasion and its depth (Figure 6). Pei et al. [22] showed that
CEUS could accurately reflect blood perfusion in EC cases.
Aboul-Fotouh et al. [25] reported that color Doppler energy
images could be used for differential diagnosis between
benign and malignant endometrial lesions and were espe-
cially accurate in the diagnosis of EC, which is characterized
by a type C vascular pattern. From this it can be inferred that
vascular patterns of EC revealed by CEUS are predominantly
of types III and IV. 2D-CEUS can only reveal the blood supply
distribution in one section of the lesion, and small tortuous
vessels are displayed as dots of varying sizes or strips of
varying lengths (Figure 7(a)). Hence, 2D-CEUS cannot fully
reflect the blood supply within the entire lesion. 3D-CEUS
can overcome this problem and obtain relatively complete
three-dimensional microcirculation images of the lesion,
thereby making the structure of the vascular tree clear for
observation (Figure 7(b)). Furthermore, 3D-CEUS shows the
three-dimensional dynamic perfusion of the contrast agent
in the endometrial lesion and improves the resolution on the
details of the microcirculation within the lesion (resolution
on the lesions, the blood vessels, and the vascular spatial
relations) (Figure 8). Transvaginal 3D-CEUS examination is
a new examination method combining 3D-TVS and CEUS.
It clearly displays the entire intrauterine coronal section and
allows accurate assessment of myometrial invasion depth.
Hence, its clinical application has a promising prospect [26].

In summary, the application of 3D-CEUS in the diagnosis
of endometrial lesions is still in its infancy. However, it has
already shown its ability to correct differential diagnosis
between benign and malignant endometrial lesions and
accurately assess myometrial invasion in EC.Meanwhile, 3D-
CEUS is the combination of contrast-enhanced ultrasonog-
raphy and three-dimensional imaging technology. Image
acquisition, reconstruction, and processing may introduce
artifacts causing image distortion, leading to misinterpreta-
tion [27]. Great care should be taken to avoid such diagnostic
errors. Additional studies are warranted to further evaluate
the efficacy of 3D-CEUS in improving early diagnosis of
endometrial carcinoma.

5. Conclusion

Transvaginal 3D-CEUS is a supplement to 2D-CEUS. Com-
pared to 2D-CEUS, 3D-CEUS is more accurate in revealing
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(a) (b) (c)

Figure 6: Endometrial carcinoma with superficial myometrial invasion Stage IA. Image at 20, 22, and 40 seconds showed that during the
arterial phase of CEUS (a) the nourishing artery of the lesion is enhanced at first, simultaneously followed by the lesion and uninvolved
myometrium (b). During the venous phase, flow-out of the agent in the lesion is slightly faster than that in the uninvolved myometrium,
resulting in a hypoechoic appearance (c), which can be used to identify the depth and scope of endometrial carcinoma.

(a) (b)

Figure 7: Endometrial carcinoma with superficial myometrial invasion. (a) Blood flow signals in 2D-CEUS are in the shape of dots and line
segments (arrow). (b) Blood flow signals in 3D-CEUS reveal clear blood vessels with twisted shapes (arrows).

(a) (b)

Figure 8: Endometrial carcinoma with superficial myometrial invasion Stage IA. 3D-CEUS reveals tiny nourishing blood vessels (arrow) that
2D-CEUS fails to reveal.
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endometrial abnormalities, diagnosing endometrial lesions,
and assessing the depth of myometrial invasion and is
therefore of important value for early diagnosis of EC. In
EC diagnosis, transvaginal 2D-CEUS can be used as a basic
examination for real-time dynamic observation of tumor
perfusion. Next, 3D imaging can be applied to understand
the three-dimensional structure of the lesion and the overall
vascular structure in the lesion to provide a direct, accurate,
and comprehensive basis for the final diagnosis.
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Objective. Classification diagnosis was performed for cystic pancreatic lesions using ultrasound (US) and contrast-enhanced
ultrasound (CEUS) to explore the diagnostic value of CEUS by comparison with enhanced CT. Methods. Sixty-four cases with
cystic pancreatic lesions were included in this study.The cystic lesions of pancreas were classified into four types by US, CEUS, and
CT: type I unilocular cysts; type IImicrocystic lesions; type IIImacrocystic lesions; and type IV cystic lesionswith solid components
or irregular thickening of the cystic wall or septa. Results. Eighteen type I, 7 type II, 10 type III, and 29 type IV cases were diagnosed
by CT.The classification results by US were as follows: 6 type I; 5 type II; 4 type III; and 49 type IV cases. Compared with the results
by enhanced CT, the kappa value was 0.36. Using CEUS, 15, 6, 12, and 31 cases were diagnosed as types I–IV, respectively.The kappa
value was 0.77. Conclusion. CEUS has obvious superiority over US in the classification diagnostic accuracy in cystic pancreatic
lesions and CEUS results showed substantial agreement with enhanced CT. CEUS could contribute to the differential diagnosis of
cystic pancreatic diseases.

1. Introduction

With the development and extensive application of imaging
techniques, the rate of detecting cystic pancreatic lesions is
increasing. These cystic lesions may be epithelium-derived
tumors or formed from the necrosis and cystic degeneration
of solid tumors.The clinical treatment schemes and prognosis
vary for different cystic lesions. Therefore, imaging diagnosis
has significant clinical value. Currently, CT and MRI are still
the major tools used in the differential diagnosis and follow-
up of cystic pancreatic lesions.

In recent years, contrast-enhanced ultrasound (CEUS)
has been increasingly used in the evaluation of pancreatic

lesions. A study [1] has shown that the diagnostic accuracy
of CEUS is comparable to that of MRI in the detection of
septa and mural nodules in cystic pancreatic lesions. The
correlation between CEUS findings and pathologic results
was significantly stronger than between the sonographic and
pathologic results. Previous studies involving CEUS in cystic
pancreatic lesions have most often focused on the display
of the components and nodules in cystic lesions as well as
the enhancement features [2–4]. However, the different types
of cystic pancreatic lesions cannot be easily differentiated
due to the similar morphologic features. There are no simple
and uniform diagnostic standards for CEUS. According to
previous literature [5], an imaging classification system for
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cystic pancreatic lesions has been proposed and various types
corresponding to different diseases had certain regularity.
The classification on the basis of their imaging morphologic
features is simple and easy to grasp and carry out. Further,
such classification of cystic pancreatic lesions is helpful in
characterizing lesions, narrowing the differential diagnosis
[5]. In current study, the classification criterion was applied
in US and CEUS for the first time. The application value of
CEUS compared to US in the classification diagnosis of cystic
pancreatic lesions is discussed.

2. Materials and Methods

2.1. Patients. Sixty-four patients with cystic pancreatic
lesions who underwent CEUS and CECT examinations
in our hospital between January 2007 and July 2013 were
included. These patients were confirmed by surgery, biopsy,
or comprehensive clinical diagnosis. Among the 64 patients,
23 underwent enhanced MRI simultaneously.

The patients included 43 females and 21 males, 22–80
years of age. The mean age was 52.4 years. Thirty-six patients
had no symptoms and were identified by routine physical
examination; 28 patients presented with various clinical
symptoms. The major symptoms were abdominal distention,
abdominal pain, fatigue, poor appetite, and emaciation. Only
one patient had jaundice. Of 62 patients with CA19-9 results,
50 were normal and 12 showed elevations (42.08–1021U/mL).

Forty-five cases were confirmed by pathologic exami-
nation of the surgical specimens, two were diagnosed by
biopsy, and 17 by comprehensive clinical diagnosis. The
standards for comprehensive diagnosis were as follows: the
cases diagnosed by CT/MRI were followed up for >1 year
and showedno obvious progression; the caseswith unilocular
cysts and a history of pancreatitis, without septa, calcifi-
cations, or mural nodules were diagnosed as pseudocysts;
serous cystic adenomas (SCNs) had features of lobulated
multilocular cysts without mural nodules or solid compo-
nents, with microcysts <2 cm in diameter and a honeycomb
shape, showing central calcifications or scarring by CT/MRI;
intraductal papillary mucinous neoplasms (IPMNs) were
diagnosed when unilocular or multilocular cystic lesions
were observed by CT/MRI and the lesions communicated
with the pancreatic duct; and all other cases with no typical
manifestations and no changes in follow-up surveys were
benign. CT-based classification diagnosis was considered
the gold standard for evaluating the accuracy of US and
CEUS.

2.2. US and CEUS. US and CEUS were performed by an
ultrasound physician with over 10 years of experience in
pancreas. The ultrasound instruments were GE Logiq 9 and
GE Logiq E9 (GE Healthcare, Milwaukee, WI, USA); the
probe frequency was 2.5–5.0MHz; and the mechanical index
was 0.12. The pancreas was first scanned by conventional
ultrasonography to check for the position and size of the
lesion andwhether or not there were septa, calcifications, and
dilated pancreatic ducts. Subsequently the CEUS was per-
formed using SonoVue (Bracco Milan, Italy) as the contrast

agent. Lyophilized SonoVue powder was dissolved in 5mL
saline. Two milliliters of the suspension was used for each
examination and injected via the antecubital vein within 2–
3 s, followed by a 5mL saline flush. Real-time observation
of the lesion should be no less than 120 s. Dynamic images
were preserved for later analysis. Written informed consent
was obtained from all the patients before the examinations.
No adverse reactions occurred after CEUS. The study was
approved by our institutional review board.

2.3. Image Analysis. Lesions were diagnosed separately by
two ultrasound physicians with at least 5 years of CEUS expe-
rience without knowing in advance about the pathological
or clinical diagnosis. Classification diagnosis was performed
according to themorphologic features of the cystic pancreatic
lesions [5] (Figure 1). Type I lesions are unilocular cysts
(unilocular cysts without septa, solid components, or central
and cystic wall calcifications, and the cystic wall is thin and
uniform). Type II are microcystic lesions (the lesions are
composed of several microcysts, which are a few millimeters
to 2 cm in size, and central calcifications or scarring may be
noted). Type III are macrocystic lesions (there were fewer
compartments and the individual compartments had diam-
eters >2 cm, and cystic wall calcifications may be visualized).
Type IV are cystic lesions with solid components (unilocular
or multilocular containing solid components, or the cystic
wall and/or the septa are irregularly thickened, and the
maximum thickness is ≥3mm).Whenmultiple lesions in one
patient were observed, the diagnosis was made according to
the largest lesions.

During CEUS, the first 30 s of CEUS is defined as the
early stage of enhancement, while 31–120 s is defined as
the late stage. It was observed whether or not the capsule
and the septa of the lesions were enhanced as well as the
degree of enhancement of the solid components. Designat-
ing the surrounding pancreatic parenchyma as a control,
when the enhancement degree of the solid components was
higher, equal to, and lower than the normal surrounding
pancreatic parenchyma, the components were considered
hyper-, iso-, or hypoenhancements. In cases in which there
was divergence of opinions over the diagnostic results, a
uniform diagnosis was made after a discussion between two
physicians.

2.4. Enhanced CT. GE Lightspeed 64-slice spiral CT scan
was applied with a slice thickness of 5mm, interlayer spacing
of 5mm, a pitch of 1.5 or 2, and a voltage of 120 kV.
Ninety milliliters (300mgI/mL) of the nonionic contrast
agent Iohexol was injected through the antecubital vein
using a high-pressure injector with an injection speed of
3.5mL/s. The arterial phase scan started 25–30 s after the
injection, followed by a venous phase scan 30–35 s later. Two
radiologists with >5 years of experience in the diagnosis of
pancreatic lesions interpreted the CT images independently.
The two radiologists did not know the results of CEUS
or the pathologic and clinical diagnoses. The classification
standards for the cystic lesions were the same as above (types
I–IV). Any divergence was resolved by discussion.
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Figure 1: Schematic diagram of the four morphologic types of cystic pancreatic lesions. (a) Type I unilocular cyst. (b) Type II microcystic
lesion. (c) Type III macrocystic lesion. (d) Type IV cystic lesions with solid components or irregular thickening of the cystic wall or septa.

2.5. Statistical Analysis. The statistical analysis was per-
formed using SPSS 13.0. The measurement data were
expressed as the mean ± SD. Dunnett T3 test was applied
in pairwise comparison between groups. A comparison of
the US- and CEUS-based diagnoses with enhanced CT was
performed using a chi-squared test. The concordance with
the CT typing results was detected by kappa testing. The
agreement was graded as follows: no agreement (0), slight
(0–0.20), fair (0.21–0.40), moderate (0.41–0.60), substantial
(0.61–0.80), and perfect agreement (0.81–1). The difference
was considered statistically significant at a 𝑃 < 0.05.

3. Results

3.1. Final Diagnosis. Of 64 patients, 61 had single lesions.
Twenty lesions were located in the head of the pancreas or
uncinate process, 18 in the pancreatic body, and 23 in the
pancreatic tail.Three patients hadmultiple pancreatic lesions.
Themaximumdiameters of the lesionswere 0.8–14.2 cm,with
an average of 5.0 ± 2.6 cm.

The final diagnosis indicated that there were eight pseu-
docysts (six confirmed by comprehensive diagnosis and two
by surgery), nine SCNs (seven confirmed by surgery and two
by comprehensive diagnosis), 13 mucinous cystic neoplasms
(MCNs; 12 confirmed by surgery and one by comprehensive
diagnosis), three IPMNs (two confirmed by surgery and
one by comprehensive diagnosis), nine solid pseudopapillary
tumors (SPTs; confirmed by surgery), six neuroendocrine
tumors (five confirmed by surgery and one by biopsy), six
pancreatic carcinomas (five confirmed by surgery and one by
biopsy), three cysts (confirmed by comprehensive diagnosis),
one inflammatory myofibroblastic tumor combined with
cystic degeneration (confirmed by surgery), one solitary
fibrous tumor (confirmed by surgery), and one pancreatic
nerve sheath tumor (confirmed by surgery). There were

Table 1: Classification of cystic pancreatic lesions by CT in 64 cases.

Final diagnosis Number I II III IV
Pseudocyst 8 8 0 0 0
SCN 9 2 5 1 1
MCN 13 1 0 8 4
IPMN 3 0 0 1 2
SPT 9 0 0 0 9
Neuroendocrine tumor 6 1 0 0 5
Pancreatic carcinoma 6 0 0 0 6
Cyst 3 3 0 0 0
Other 7 3 2 0 2
Total 64 18 7 10 29

also four lesions considered to be benign by comprehensive
diagnosis.

The classification diagnosis results are shown in Table 1.
Each type corresponded to several certain kinds of cystic

pancreatic diseases. Type I pseudocysts and cysts accounted
for 61.1% (11/18), type II SCNs accounted for 71.4% (5/7), type
III MCNs accounted for 80% (8/10), and type IV included a
variety of pathologic types, typically SPTs, neuroendocrine
tumors, and pancreatic carcinomas.

The sizes and positions of the lesions of each type are
shown in Table 2.

The average size of type II had significant difference
compared with other types (II versus I, 𝑃 = 0.039; II versus
III, 𝑃 = 0.002; II versus IV, 𝑃 = 0.001). The average size
between types I and IV also had significant difference (I
versus IV, 𝑃 = 0.028).

3.2. Comparison of Diagnostic Results by US and CEUS with
CT Diagnosis. The comparison between the results of US
and enhanced CT is shown in Table 3. There were significant
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Table 2: The sizes, locations, and calcifications of the lesions of each type.

Type Number Diameter (cm) Location Calcification
(mean ± SD) Head Body Tail Multiple

I 18 0.8–8.0
(3.9 ± 2.1) 4 4 9 1 1

II 7 1.4–3.2
(2.3 ± 0.6) 2 3 1 1 1

III 10 3.0–11.0
(6.3 ± 2.4) 3 3 4 0 2

IV 29 2.7–14.2
(6.0 ± 2.6) 11 8 9 1 6

Table 3: Comparison between the results of US and enhanced CT.

US Total
I II III IV

Enhanced
CT

I 6 0 2 10 18
II 0 3 0 4 7
III 0 1 2 7 10
IV 0 1 0 28 29

Total 6 5 4 49 64

Table 4: Comparison between the results of CEUS and enhanced
CT.

CEUS Total
I II III IV

Enhanced
CT

I 14 0 3 1 18
II 0 5 0 2 7
III 1 0 8 1 10
IV 0 1 1 27 29

Total 15 6 12 31 64

differences in the distribution of classification diagnosis
results between enhanced CT and US (𝑃 = 0.001).

The comparison between the results of CEUS and
enhanced CT is shown in Table 4. There were no significant
differences in the distribution of classification diagnosis
results between enhanced CT and CEUS (𝑃 > 0.05).

The coincidence rates of diagnosis of US and CEUS were
60.94% (39/64) and 84.38% (54/64), respectively.

A diagnostic agreement between US and enhanced CT
with the kappa value was 0.36 (95% CI: 0.20–0.52), and the
kappa value between CEUS and enhanced CT was 0.77 (95%
CI: 0.63–0.89). The classification diagnosis results of CEUS
showed substantial agreement with enhanced CT.

4. Discussion

Cystic pancreatic lesions are not uncommon in clinical
practice. Cystic pancreatic lesions are divided into cystic
tumors and cystic nonneoplastic lesions. The common types
of the former include SCNs, MCNs, and IPMNs; the less
common types are neuroendocrine tumors, cystic ductal

adenocarcinomas, and SPTs. Cystic nonneoplastic lesions are
congenital (cystic associatedwith vonHipple-Lindau disease,
et al.) or acquired (pseudocysts and parasitic cysts) [6]. The
development of imaging techniques has greatly benefitted
the detection of cystic pancreatic lesions. Various types of
cystic pancreatic lesions differ in terms of clinical treatment
and prognosis. An accurate preoperative diagnosis will be
conducive to the proper selection of treatment. US can detect
cystic lesions with sensitivity, but the qualitative diagnostic
accuracy is low. CEUS canmore clearly show blood perfusion
within the lesions, thus providing more information for the
diagnosis. Previous study showed that quantitative analysis
of the enhancement of the cystic wall may discriminate the
different types of the cystic pancreatic lesions [7]. CEUS can
differentiate between pseudocysts and cystic tumors with
accuracy [8]. Rickes and Wermke [9] found 95% sensitivity
and 92% specificity in the diagnosis of cystadenoma and 100%
sensitivity and specificity in the diagnosis of pseudocyst in 31
patients with cystic pancreatic masses.

However, some cystic lesions present similar morpho-
logic features, which make the preoperative imaging diag-
nosis difficult. In this study, a simple classification diag-
nostic criterion was applied. Various types corresponding
to different diseases have certain regularity. Type I lesions
are unilocular cysts. Pseudocysts are the most common
type I. A study showed that morbidity or mortality due
to the small unilocular cysts which were ≤2 cm in size is
extremely unlikely, and observation appears to be a safe
management option [6]. Type II is more common in SCN.
SCNs are benign tumors and in asymptomatic patients often
do not require surgical resection [10]. Type III includesMCN
and IPMN. At present, all MCNs are considered at least
potentially malignant and all surgically fit patients should
undergo surgical resection [11, 12]. IPMNs can be classified as
main duct, branch duct, ormixed IPMNs. All main-duct type
IPMN should be resected because of the highmalignancy rate
whereas branch-duct type IPMN demonstrating favourable
features (<3 cm size and absence of mural nodules) may be
managed conservatively [12]. Type IV includes cystic tumors
as well as solid pancreatic tumors associated with a cystic
component or cystic degeneration (neuroendocrine tumors,
SPTs, etc.). Tumors of this type are either malignant or
having malignant potential; surgical resection is the accepted
method of management [13].
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Figure 2: Pancreatic lesion was found by physical examination and was diagnosed asMCN by surgical pathology. (a) Cystic lesions in the tail
of the pancreas were indicated byUS (M:mass; P: pancreas), withmultiple septa (arrow).The case was diagnosed as type III. (b) Enhancement
was not shown in cystic lesions in CEUS (the right picture). The case was diagnosed as type I. (c) Enhanced CT indicated no enhancement
in the cystic lesion. The case was diagnosed as type I.

Applying the classification diagnostic criterion, the diag-
nostic value of CEUS in cystic pancreatic lesions was
discussed compared with the contrast-enhanced CT. As
reported herein, the coincidence rate of diagnosis by CEUS
was higher than US for cystic pancreatic lesions (84.38%
versus 60.94%). The CEUS results agreed well with the
enhanced CT results (kappa = 0.77). The contrast agent,
SonoVue, is a blood pool contrast agent, which is distributed
entirely within the blood vessels. This contrast agent can
dynamically reveal the blood supply in the lesions and the
microvessel structure in real time. Both the temporal and
spatial resolutions are high. The study showed that CEUS
could clearly show the septa andmural nodules in the lesions.
Moreover, the presence of solid components, necrosis, and

mucus in the lesions was detected by whether or not the
echoes were enhanced (Figures 2 and 3).

There were a few cases which had inconsistent diagnosis
between CEUS and CT.This possibly occurred by the insuffi-
cient assessment of the septa andmural nodules at CEUS due
to the obesity of patient and deep location of lesion. For some
larger lesions, incomplete scanning at CEUS may also affect
the diagnosis.

Type II cases in our group were mostly SCNs, with the
imaging features demonstrating multilocular and microcysts
(cavity diameter < 2 cm). The radial-shaped calcification in
the middle can be used as the typical feature of a SCN
[14]. Under the microscope, the cystic wall of the SCN is
composed of simple cuboidal epithelial cells. The fibrous
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Figure 3: Pancreatic lesion was found by follow-up after acute pancreatitis.The case was diagnosed as a pseudocyst by surgical pathology. (a)
US indicated cystic lesion in the tail of the pancreas (M: mass; P: pancreas), which contained low-echo solid components (arrow). The case
was diagnosed as type IV by US. (b) There was no enhancement inside the cystic lesion in CEUS (the right picture). The case was diagnosed
as type I by CEUS. (c) Enhanced CT indicated no enhancement in the cystic lesion. The case was diagnosed as type I.

septum between the tumor cells is rich in microvessels [15].
The lesion showed higher enhancement in the early stage of
CEUS, which was similar to enhanced CT. The SCN, with a
small cystic cavity, intensive septa, andmicrocysts, is likely to
be confused with solid lesions by US or CEUS. In our group,
two patients with SCNs with microcysts showed round,
clearly defined, and hyperechoic lesions on US. In CEUS,
the intensive septa in the lesions were clearly enhanced with
nonenhancement small cavities and the performance was
similar to solid components. These cases were misdiagnosed
as type IV by US and CEUS. The surgical specimen showed
the honeycomb pattern composed of multiple microcysts
with a diameter of several millimeters (Figure 4).

There were many pathologic subtypes of type IV demon-
strated in the current study, such as SPTs, neuroendocrine
tumors, and pancreatic carcinomas. Of nine patients with
SPTs, seven (77.8%) had a circular enhancement capsule
in the early stage of CEUS, which was consistent with a
previous report [16]. Pancreatic carcinoma is hypovascular,
while the neuroendocrine tumor is hypervascular. The solid
components are hypo- and hyperenhanced in the early
stage of CEUS, respectively. This feature can be used for
differentiation between the two types of tumors.

The mean sizes of type I and II lesions were 3.9 ±
2.1 cm and 2.3 ± 0.6 cm, respectively. Type III and type IV
lesions were larger, with an average size of 6.3 ± 2.4 cm and
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Figure 4: Pancreatic lesion was detected by physical examination. (a) US indicated a hyperechoic lesion in the pancreatic neck (M: mass; P:
pancreas).Themultiplemicrocysts were observed (arrows).The case was diagnosed as type IV byUS. (b)The lesions showed heterogeneously
enhancement in CEUS (the right picture). There were small cystic nonenhancement areas in the lesion (arrow). The case was diagnosed as
type IV by CEUS. (c) Enhanced CT indicated no enhancement in themajority of the lesion.The fine septa enhancement could be seen (arrow)
and type II was suspected by CT. (d)The surgical specimenwas observed with a honeycomb shape withmultiple compartments in the lesions.
The case was pathologically diagnosed as microcystic SCNs.

6.0 ± 2.6 cm, respectively. Previous study [17] showed that
the PPV of cystic lesions <3 cm to the diagnosis of benign
lesions was 87%. Of 35 cases of unilocular cysts without
septa and mural nodules, 34 cases were benign and only one
was a borderline tumor. Among patients with compartments,
80% were benign. The study proposed that most of the
cystic pancreatic lesions <3 cm in diameter were benign, and
the patients can be followed up selectively. Our study also
indicated that type I and II lesions were mostly pseudocysts
and SCNs, both of which are benign lesions. Therefore, for
different types of cases, the size of the lesion is an important
consideration for the selection of clinical treatment.

There were several limitations to the current study. First,
for patients with small cystic pancreatic lesions (<1 cm) and

located in a deeper position, it is sometimes difficult to
judge whether or not the inside of the lesions is enhanced.
Hypoenhancement may occur. However, the constant degree
of enhancement from the early to the late stage of the scan
may indicate no enhancement. Second, not all the patients
had pathological diagnosis. The cases with higher benign
probability were confirmed by typical imaging findings and
comprehensive diagnosis in follow-up. Further study may be
required which takes pathology as the criterion.

Cystic pancreatic lesions are varied in pathologic types.
The diagnostic accuracy of CEUS based on the morphologic
features was greater than US. Some tumors exhibited typical
features in CEUS, which benefits the preoperative diagnosis
and selection of treatment. As an economic, radiation-free,
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and effective imaging technique, CEUS can be considered
as a supplement examination for the qualification of cystic
pancreatic lesions and be used as a follow-up technique.
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