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Background: Contrast-enhanced ultrasound (CEUS) has proven valuable in diagnosing benign and 
malignant pancreatic diseases, but its value in evaluating hepatic metastasis remains to be further explored. 
This study investigated the relationship between CEUS features of pancreatic ductal adenocarcinoma (PDAC) 
and concomitant or recurrent liver metastases after treatment.
Methods: This retrospective study included 133 participants with PDAC who were diagnosed with 
pancreatic lesions with CEUS at Peking Union Medical College Hospital from January 2017 to November 
2020. According to the CEUS classification methods in our center, all the pancreatic lesions were classified as 
either with rich or poor blood supply. Additionally, quantitative ultrasonographic parameters were measured 
in the center and periphery of all pancreatic lesions. CEUS modes and parameters of the different hepatic 
metastasis groups were compared. The diagnostic performance of CEUS was calculated for diagnosing 
synchronous and metachronous hepatic metastasis. 
Results: The proportions of rich blood supply and poor blood supply were 46% (32/69) and 54% 
(37/69), respectively, in the no hepatic metastasis group; 42% (14/33) and 58% (19/33), respectively, in 
the metachronous hepatic metastasis (MHM) group; and 19% (6/31) and 81% (25/31), respectively, in the 
synchronous hepatic metastasis (SHM) group. The wash-in slope ratio (WIS ratio) between the center of the 
lesion and around the lesion and peak intensity ratio (PI ratio) between the center of the lesion and around 
the lesion had higher values in the negative hepatic metastasis group (P<0.05). In predicting synchronous and 
metachronous hepatic metastasis, the WIS ratio had the best diagnostic performance. The sensitivity (SEN), 
specificity (SPE), accuracy (ACC), positive predictive value (PPV), and negative predictive value (NPV) were 
81.8%, 95.7%, 91.2%, 90.0%, and 91.7%, respectively, for MHM; and 87.1%, 95.7%, 93.0%, 90.0%, and 
94.3%, respectively, for SHM.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is currently 
the third leading cause of cancer mortality in both men 
and women and has the worst 5-year survival rate of any 
cancer (1). The prognosis of PDAC is dismal, and the 5-year 
survival rate is only 8% for all stages combined. Surgical 
resection seems to be the only potentially curative treatment 
for PDAC. However, approximately 50% of patients 
present with distant metastases at the time of diagnosis, with 
synchronous hepatic metastasis (SHM) being associated with 
a poorer prognosis and a contraindication to surgery (2). 

The poor prognosis of patients with PDAC is also closely 
related to early metastasis (3), of which metachronous 
hepatic metastasis (MHM) accounts for 60–90% (3-5) 
and is an independent factor for prognosis (6). The mean 
survival time and 5-year disease-specific survival of patients 
with MHM are significantly lower than those of patients 
with other metastatic types (7), and these patients require 
different therapeutic approaches (8). As mentioned above, 
evaluating hepatic metastasis is critical to clinical decision-
making in PDAC.

The main imaging examinations for pancreatic lesions 
include ultrasound (US), computed tomography (CT), and 
magnetic resonance imaging (MRI). The detection rate of 
hepatic metastases by these methods is 60–81% (3). Despite 
advances in diagnostic imaging modalities, PDAC remains 
lethal and incurable in most cases. Moreover, it is more 
difficult to obtain satisfactory accuracy for tiny lesions or 
microscopic metastases that emerge after surgery (9), and 
MHM cannot be predicted. Therefore, how to identify 
patients with PDAC at risk of hepatic metastasis is an area 
of active research in imaging.

Conventional US is the preferred screening method due 
to its noninvasiveness and simplicity. Contrast-enhanced 
ultrasound (CEUS) has become an area of intense research 
interest in the field of US in recent years and is widely 

used because of its ability to visualize the microcirculation 
within a lesion. However, its main application is in the 
determination of the nature of the lesion, and there have 
been relatively fewer studies on liver metastases (10). 
The US contrast agent has a diameter of <10 μm and can 
freely pass through capillaries, which can effectively mimic 
the hemodynamic characteristics of red blood cells and 
visualize the tumor microcirculation. PDAC shows 2 types 
of enhancement in CEUS, hypo-enhancement and iso-
enhancement, with the former being the most common 
and the difference between them being mainly related 
to its microenvironmental composition (10-13). Hypo-
enhancement PDAC has more fibrous stroma and fewer 
microvessels, resulting in fewer vessels involved in the 
microcirculation and lesions showing hypo-enhancement. 
In contrast, iso-enhancement PDAC contains more 
glandular vesicle cells and less fibrous matrix, resulting in a 
higher number of vessels involved in the microcirculation 
(11,14,15). We speculated upon whether it is possible to 
show the different areas of perfusion in the lesion using 
CEUS, thus providing more information for the assessment 
of hepatic metastases in PDAC. Therefore, we attempted 
to examine the relationship between the CEUS mode and 
parameters of PDAC and synchronous and metachronous 
hepatic metastases. We present the following article in 
accordance with the STARD reporting checklist (available 
at https://qims.amegroups.com/article/view/10.21037/
qims-22-1132/rc).

Methods

This study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The 
institutional review board of Peking Union Medical 
College Hospital approved the study (No. SK1733), and 
the requirement for individual consent for this retrospective 
analysis was waived. 

Conclusions: CEUS would be helpful in image surveillance for synchronous or metachronous hepatic 
metastasis of PDAC.
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Patients

From January 2017 to December 2020, we retrospectively 
reviewed our study CEUS database (Peking Union Medical 
College Hospital, a single center) of patients. The inclusion 
criteria were as follows: (I) solid tumors of the pancreas; 
(II) PDAC pathologically confirmed by surgical resection, 
percutaneous biopsy, or endoscopic ultrasound biopsy; 
and (III) a follow-up duration of more than 18 months. 
The exclusion criterion was previous treatment with 
chemotherapy or radiotherapy (Figure 1). 

Patients with PDAC were followed up every 3 months. 
Follow-up routines included liver function tests [alanine 
aminotransferase (ALT), aspartate aminotransferase (AST), 
etc.], serum tumor marker detection, US, and contrast-
enhanced computed tomography (CECT). When CECT 
was still unable to determine the nature of the liver mass, 
dynamic MRI 18F-fluorodeoxyglucose (18F-FDG) positron 
emission tomography-computed tomography (PET-CT) 
imaging was chosen.

CEUS technique

All patients were asked to fast for at least 8 hours before 
CEUS. All US examinations were performed with a Philips 
iU22 unit (Philips Medical Systems, Bothell, WA, USA), 
using a 5 to 7-MHz linear transducer for the baseline 
examination and contrast study. For lesions in the tail of 
the pancreas that could not be easily displayed, the patient 
was asked to lie in the right decubitus position and undergo 
examination by oblique section scan under the right rib to 
achieve better examination results. 

First, the pancreas was examined for the location of the 
suspicious lesion on the grayscale US. Color Doppler was 
performed to evaluate intralesional vascularity. The probe 
was fixed with a sectorial swing during the examination. 
The plane with the maximum suspicious lesion and 
normal pancreatic parenchyma was selected for the CEUS 
examination. Then, the mechanical index (MI) was set at 
0.05–0.08 for the CEUS examination. The US contrast 
agent SonoVue (Bracco, Milan, Italy) was dissolved in 5 mL 

All patients in our CEUS database 
from Jan 2017 to Nov 2020

Inclusion:
• Solid tumors of pancreas 
• Pathological confirmation of PDAC 
• Follow-up time more than 18 months 
     (n=143)

Exclusion:
• Previous treatment with chemotherapy 

or radiotherapy (n=10)

PDAC (n=133)

SHM
(n=31)

Surgery 
Chemotherapy

MHM
(n=33)

NHM
(n=69)

Figure 1 Flowchart of the study enrollment. CEUS, contrast-enhanced ultrasound; PDAC, pancreatic ductal adenocarcinoma; SHM, 
synchronous hepatic metastasis; MHM, metachronous hepatic metastasis; NHM, negative hepatic metastasis.
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of saline according to the manufacturer’s instructions. The 
routine CEUS protocol for the pancreas at our institution 
includes grayscale US and CEUS. A fast bolus injection of 
2.4 mL of contrast agent was administered intravenously 
and followed by 5 mL of saline. The patient was told to 
maintain a stationary posture continuously so that the 
dynamic perfusion process of the lesion could be observed 
in real time. The duration was 2 min and 30 s. All enhanced 
dynamic images were saved in AVI format.

Image interpretation: qualitative analysis

The enhancement mode of pancreatic lesions was analyzed 
by 2 radiologists with more than 5 years of experience in 
pancreatic imaging. According to the European Federation 
of Societies for Ultrasound in Medicine and Biology 
(EFSUMB) guidelines (10), the CEUS process was divided 
into the arterial and venous phases, defined as ≤30 and 
31–120 s after injection of the contrast agent, respectively.

PDAC enhancement was classified as an iso-enhancement 
pattern (lesion enhancement equal to that of the surrounding 
pancreatic parenchyma), or hypo-enhancement pattern 
(lesion enhancement lower than that of the surrounding 
pancreatic parenchyma) in the arterial phase. Following 
this, all patients were divided, according to the naked eye, 
into 2 CEUS modes distinguished by the distribution of 
enhancement degree of pancreatic lesions: (I) poor blood 

supply mode (Figure 2A,2B)—the arterial phase shows a 
diffuse hypo-enhancement area in the center of the tumor 
with an area greater than 50%, or the entire tumor shows 
diffuse hypo-enhancement; and (II) rich blood supply 
mode (Figure 2C,2D)—the arterial phase shows a diffuse 
hypo-enhancement area in the center of the tumor with an 
area less than 50% or the entire tumor shows diffuse iso-
enhancement. If there was a discrepancy between the 2 
radiologists, agreement was reached by consensus.

Time-intensity curve analysis of CEUS images: 
quantitative analysis

CEUS images were imported into offline QLAB version 
4.2 advanced software (Philips Medical Systems, Bothell, 
WA, USA). The first step was to delineate the actual size of 
the lesion, as the size of the lesion shown in the grayscale 
images may contain areas of necrosis, inflammation, and 
so on. We defined the area of fast wash-out in the venous 
phase of CEUS as the actual size of the pancreatic lesion. 
In the second step, regions of interest (ROIs) were placed 
in the center and around the lesion (Figure 3). The center 
and around ROIs were selected to the same depth as far as 
possible. The area immediately adjacent to the lesion, but 
still entirely within the lesion, was defined as the boundary 
(Figure 3B,3G,3J; the blue dashed box is the central ROI 
and the orange dashed box is the surrounding ROI). Finally, 

Diffuse hypo-enhancement 

Diffuse iso- or hyper-enhancement

A B

C D

Figure 2 CEUS mode. (A) Poor blood supply: diffuse hypo-enhancement. (B) Poor blood supply: diffuse hypo-enhancement greater 
than 50%. (C) Rich blood supply: diffuse hypo-enhancement less than 50%. (D) Rich blood supply: diffuse iso-enhancement or 
hyperenhancement. CEUS, contrast-enhanced ultrasound.
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Figure 3 CEUS images of blood supply mode and parameters of PDAC in different hepatic metastasis groups. (A-D) A 56-year-old female 
with PDAC in the NHM group. Arterial phase (A) and late phase (B) of rich blood supply mode CEUS images. (C) CECT image showing 
no metastases in the liver. (D) TIC image with a WIS ratio of 0.88 and a PI ratio of 0.72. (E-H) A 70-year-old female with PDAC in the 
MHM group. Arterial phase (F) and late phase (G) of rich blood supply mode CEUS images. (H) CE-MRI image showing metachronous 
metastases in the liver (thin white arrow). (E) TIC image with a WIS ratio of 0.60 and a PI ratio of 0.62. (I-L) A 54-year-old male with 
PDAC in the SHM group. Arterial phase (I) and late phase (J) of rich blood supply mode CEUS images. (K) CECT image showing 
synchronous metastases in the liver (thin black arrow). (L) TIC image showing a WIS ratio of 0.42 and a PI ratio of 0.41. (A,B,F,G,I,J) 
The lesion is marked by a white arrow. (B,G,J) The blue dashed box shows the placement of the ROI in the center of the lesion, and the 
orange dashed box shows the placement of the ROI around the lesion. CEUS, contrast-enhanced ultrasound; PDAC, pancreatic ductal 
adenocarcinoma; NHM, negative hepatic metastasis; CECT, contrast-enhanced computed tomography; TIC, time-intensity curve; WIS, 
wash-in slope; PI, peak intensity; MHM, metachronous hepatic metastasis; CE-MRI, contrast-enhanced magnetic resonance imaging; SHM, 
synchronous hepatic metastasis; ROI, region of interest.
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each frame was examined using the QLAB software; frames 
where the lesion was out of the ROI due to the patient’s 
respiratory movements were removed, and time-intensity 
curves (TICs; the specific definitions of curve parameters 
are given in the Figure 4 footnote) and quantitative 
parameters of the tumor tissue were obtained.

After obtaining the values of all quantitative parameters, 
we divided the values between the center and the surrounds 
of the lesion to obtain the ratio of each parameter: wash-
in slope (WIS) ratio = WIScenter/WISsurrounds, peak intensity 
(PI) ratio = PIcenter/PIsurrounds, time to peak (TTP) ratio = 
TTPcenter/TTPsurrounds, mean transit time (mTT) ratio = 
mTTcenter/mTTsurrounds, time from peak to 1/2 (TFP1/2) ratio 
= TFP1/2center/TFP1/2surrounds, and rise time (RT) ratio = 
RTcenter/RTsurrounds. The TIC parameters were independently 
measured by the 2 abovementioned radiologists and 
averaged after consistency was evaluated by intraclass 
correlation coefficient (ICC). Radiologists were blinded to 
the final results.

Statistical analysis

The chi-squared analysis of variance (ANOVA) and z test 
were performed to analyze group differences. Interobserver 
variability for the TIC parameters measurements of the 
2 readers was analyzed by calculating the ICC (0.00–0.20 
poor, 0.21–0.40 fair, 0.41–0.60 moderate, 0.61–0.80 good, 

and 0.81–1.00 excellent correlation). To predict synchronous 
and metachronous hepatic metastasis, the sensitivity (SEN), 
specificity (SPE), positive predictive value (PPV), negative 
predictive value (NPV), accuracy (ACC), and receiver 
operating characteristic (ROC) were calculated. A P value 
of less than 0.05 was considered significant for all tests. The 
statistical analysis was performed using SPSS version 22.0 
(IBM Corp., Armonk, NY, USA).

Results

Clinical characteristics

A total of 133 patients were enrolled in this study and 
divided into 3 groups: (I) 69 in the no hepatic metastasis 
group (NHM; median follow-up period of 19 months), 
(II) 33 in the MHM group (median follow-up period 
of 10 months: 3 diagnosed with dynamic MRI and 30 
diagnosed with CECT), and (III) 31 in the SHM group (1 
diagnosed by pathology and 30 diagnosed with CECT). 
The detailed demographics and clinical characteristics 
are described in Table 1. Tumor-node-metastasis (TNM) 
stage (16) showed statistically significant differences among 
the 3 groups (P<0.05). For the TNM stage, there were 
substantial differences between the SHM group and the 
NHM group but not in the MHM group. Patients in the 
NHM and MHM groups were mainly in stages II and 
III. As for the therapy, there was no statistical difference 
between the NHM group and MHM groups, and both 
involved surgical treatment and chemotherapy. The SHM 
group was statistically different from the other 2 groups 
in terms hepatic metastases, which could only be treated 
with chemotherapy. There were no statistically significant 
differences in sex, age, location, pancreatic duct width, or 
carbohydrate antigen 19-9 (CA19-9) level.

CEUS mode and TIC parameter analyses

The CEUS mode and TIC parameters in different hepatic 
metastasis groups are described in Table 2 and Figure 3. 
The CEUS mode differed significantly among the 3 groups 
(P<0.05). Intragroup comparisons only showed significant 
differences between the NHM and SHM groups. In the 
NHM group, the proportion of patients with rich blood 
supply was 46% (32/69), and that of those with poor 
blood supply was 54% (37/69). In the SHM group, the 
proportion of patients with rich and poor blood supply was 
19% (6/31) and 81% (25/31), respectively (Figure 5A). In 

12

10

8

6

4

2

0

D
en

si
ty

, d
b

PI

½ PI
WIS

TTP

RT mTT

TFP 
1/2

0         20       40        60        80      100      120      140

Time, sec

Figure 4 CEUS TIC parameter diagram. WIS: wash-in slope, 
base to peak ascending slope. TTP: time to peak from the 
beginning of enhancement to maximum intensity. PI: peak 
intensity, maximum intensity. MTT: mean transit time from the 
beginning of enhancement to the decrease to half of the maximum 
intensity. TFP1/2, time from peak to 1/2 from maximum power to 
half of the maximum intensity; RT, rise time from the injection of 
contrast agent to the beginning of enhancement; CEUS, contrast-
enhanced ultrasound; TIC, time-intensity curve.
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Table 1 Tumor presenting features and patient characteristics of the 3 groups

Characteristic
No hepatic metastasis 

(n=69)
Metachronous hepatic 

metastasis (n=33)
Synchronous hepatic 

metastasis (n=31)
P value

Sex 0.77

Male 41 (59.4) 21 (63.6) 17 (54.8)

Female 28 (40.6) 12 (36.4) 14 (45.2)

Age, years 59.91±8.97 59.91±8.54 59.03±9.72 0.89

TNM (initial) <0.05

I 5 (7.3) 4 (12.2) 0 (0)

II 33a (47.8) 18a (54.5) 0 (0)

III 31a (44.9) 11a (33.3) 0 (0)

IV 0a (0) 0a (0) 31 (100.0)

Size (cm) 4.09±0.14 4.30±0.21 4.54±0.23 0.23

Location 0.85

Head 30 (43.5) 16 (48.5) 13 (41.9)

Body/tail 39 (56.5) 17 (51.5) 18 (58.1)

Pancreatic duct width (cm) 0.22±0.03 0.28±0.05 0.25±0.04 0.53

CA19-9 0.16

Negative 15 (21.7) 7 (21.2) 2 (6.5)

Positive 54 (78.3) 26 (78.8) 29 (93.5)

Therapy (initial) <0.05

Surgery 18a (26.1) 11 a (33.3) 0 (0)

Chemo 51a (73.9) 22 a (66.7) 31 (100.0)
a, the same letters indicate that the z test shows no statistical difference between the 2 groups. Values are presented as the mean ± 
standard deviation (SD) or number (%). TNM, tumor-node-metastasis stage; CA19-9, carbohydrate antigen 19–9.

Table 2 CEUS mode and parameters distinguishing different groups of hepatic metastases

CEUS index
No hepatic metastasis 

(n=69)
Metachronous hepatic 

metastasis (n=33)
Synchronous hepatic 

metastasis (n=31)
ICC P value

CEUS <0.05

Rich blood supply 32 (46.4)a 14 (42.4)ab 6 (19.0)b

Poor blood supply 37 (53.6)a 19 (57.6)ab 25 (81.0)b

WIS ratio (dB/sec) 0.81±0.01 0.43±0.04a 0.36±0.04a 0.91 <0.05

TTP ratio (sec) 0.99±0.01 1.02±0.02 1.03±0.03 0.93 0.19

PI ratio (dB) 0.79±0.02 0.64±0.04 a 0.55±0.05a 0.94 <0.05

MTT ratio (sec) 0.94±0.03 0.98±0.08 0.95±0.06 0.92 0.89

TTP1/2 ratio (sec) 0.93±0.04 1.05±0.08 0.95±0.04 0.91 0.24

RT ratio (sec) 0.98±0.04 1.01±0.04 1.04±0.03 0.90 0.32
a,b, consistent labeling of letters indicates the z test showed no statistical difference between the 2 groups. Values are presented as the 
mean ± standard deviation (SD) or number (%). CEUS, contrast-enhanced ultrasound; ICC, intraclass correlation coefficient; WIS, wash-in 
slope; TTP, time to peak; PI, peak intensity; mTT, mean transit time; RT, rise time.
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Figure 5 CEUS mode and parameters in different groups of hepatic metastases. (A) Distribution of CEUS mode in the different groups of 
hepatic metastases. (B) CEUS parameters in the different groups of hepatic metastases. WIS, wash-in slope; TTP, time to peak; PI, peak 
intensity; mTT, mean transit time; RT, rise time; CEUS, contrast-enhanced ultrasound; NHM, no hepatic metastasis; MHM, metachronous 
hepatic metastasis; SHM, synchronous hepatic metastasis.

Table 3 Prediction of hepatic metastases

Characteristic AUC SEN (%) SPE (%) ACC (%) PPV (%) NPV (%)

Metachronous 

WIS ratio 0.90 81.8 95.7 91.2 90.0 91.7

PI ratio 0.74 66.7 95.7 86.3 88.0 85.7

Synchronous

WIS ratio 0.92 87.1 95.7 93.0 90.0 94.3

PI ratio 0.72 74.2 81.2 79.0 63.9 87.5

CEUS mode 0.68 80.6 55.1 66.6 44.6 86.4

AUC, area under the curve; SEN, sensitivity; SPE, specificity; ACC, accuracy; PPV, positive predictive value; NPV, negative predictive 
value; WIS, wash-in slope; PI, peak intensity; CEUS, contrast-enhanced ultrasound.

Rich blood supply 
Poor blood supply

54%
46%

58%

42%

81%

19%

NHM MHM SHM

0                    0.2                   0.4                   0.6                   0.8                   1.0                   1.2
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TTP1/2 ratio 
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the CEUS parameter analyses, only the differences in WIS 
and PI ratios were statistically significant (P<0.05). Further 
intragroup comparisons showed that the differences in WIS 
and PI ratios were not statistically significant in the MHM 
and SHM groups. All of these parameters had higher values 
in the NHM group (Figure 5B). There were no significant 
differences in the TTP ratio, RT ratio, mTT ratio, or 
TFP1/2 ratio.

Prediction of hepatic metastasis

In predicting MHM using WIS ratio and PI ratio, WIS 
ratio had the best diagnostic performance. The area under 
curve (AUC), SEN, SPE, ACC, PPV, and NPV were 0.90, 
81.8%, 95.7%, 91.2%, 90.0%, and 91.7%, respectively. In 
predicting SHM, WIS ratio still had the best diagnostic 
performance. The AUC, SE, SP, ACC, PPV, and NPV were 
0.92, 87.1%, 95.7%, 93.0%, 90.0%, and 94.3%, respectively 
(Table 3, Figure 6).

Discussion

With the development of US technology, CEUS has played 
an essential role in diagnosing PDAC (10,11,17). Compared 
to CECT, which uses iodine or gadolinium technology 
for contrast imaging (11), CEUS uses microbubbles in 
pure blood pool imaging, which, with a diameter of less 
than 10 μm, can freely pass through capillaries, effectively 
simulating the hemodynamic properties of red blood cells. 
This technique has the advantage of real-time observation 

and realistic response to microvascular changes and is more 
conducive to the presentation of the microcirculation of 
the lesion. Moreover, this in vivo blood flow information is 
difficult to provide through pathological sections, so a greater 
number of studies can be conducted with the help of CEUS.

Our resul ts  showed that  the  CEUS mode and 
quantitative parameters differed among the different 
hepatic metastasis groups in PDAC (Figure 5), where the 
WIS ratio may be an important factor in assessing the risk 
of hepatic metastasis. The presence of hepatic metastases is 
an important independent prognostic factor for PDAC (18). 
Unfortunately, in current medical developments, it can only 
be accurately assessed at the time of surgery. Yokoyama et al.  
found that some patients with PDAC developed hepatic 
micrometastases during surgery, and the rate of hepatic 
metastases within 6 months after surgery in these patients 
was as high as 88% (19). This finding suggests that patients 
with hepatic metastases undergo microscopic changes 
that are not visible to the naked eye early in the course of 
the disease and incidentally confirms the reliability of the 
present study for predicting hepatic metastases in patients 
with PDAC from the perspective of microcirculation. 
According to previous studies (20-22), PDAC, as a tumor 
with a lack of blood supply, consists of more fibrous stroma 
and fewer microvessels. We hypothesized that PDAC in 
the group without hepatic metastasis had more acinar 
cells and loose fibrous stroma. In contrast, in the hepatic 
metastasis group, the closer the lesion was to the center, the 
more extracellular matrix was secreted. The microvessels 
were compressed, making it difficult for the contrast agent 

Figure 6 ROC curve for the presence of hepatic metastasis. (A) The ROC curve in diagnosing metachronous hepatic metastasis (WIS ratio: 
AUC =0.90; PI ratio: AUC =0.74). (B) The ROC curve in diagnosing synchronous hepatic metastasis (WIS ratio: AUC =0.92; PI ratio: 
AUC =0.72; CEUS mode: AUC =0.68). ROC, receiver operating characteristic; WIS, wash-in slope; AUC, area under the curve; PI, peak 
intensity; CEUS, contrast-enhanced ultrasound. 
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to enter, leading to a difference in the WIS ratio. As for 
the physical barrier, a large amount of fibrous matrix can 
prevent the chemotherapeutic drugs from functioning, 
which is another important factor for the occurrence of 
hepatic metastasis in such patients at a later stage (15,23-25). 
The CEUS model can precisely reflect the characteristics 
of the microenvironment of PDAC from a macroscopic 
perspective, and its parameters can, to a certain extent, be 
used as quantitative indicators to capture the changes in 
the microenvironment more sensitively. We believe this is 
why the WIS ratio is better at predicting hepatic metastasis. 
Related in vitro studies demonstrated that the degree of 
fibrous stroma in the primary foci of pancreatic cancer was 
significantly higher in mice with a higher proportion of 
hepatic metastases than in mice without hepatic metastases (23), 
providing a pathological explanation for the results of this 
study. However, whether the WIS ratio can be used as an 
evaluation indicator for monitoring neoadjuvant treatment 
of PDAC remains to be further investigated.

Currently, research on risk assessment protocols for 
hepatic metastases from PDAC is still in progress. CA19-
9 is the only peripheral blood-based biomarker used to 
diagnose PDAC, but some studies (26,27) have concluded 
that this marker is not tumor-specific and is not suitable as 
a diagnostic biomarker for early metastases. However, some 
studies (28-30) have shown a possible correlation between 
CA19-9 ≥400 U/mL and hepatic metastasis. Meanwhile, 
other studies (27,31,32) have shown that the presence of 
circulating tumor cells (CTCs) in portal blood is associated 
with a higher rate of liver metastasis after resection of the 
primary tumor. Mehdorn et al. found significant differences 
in proteins involved in immune cell chemotaxis and 
migration and cell growth in the serum of patients with 
early- and late-stage hepatic metastases (27). Li et al. used the 
clinicopathological characteristics of patients with PDAC to 
build artificial intelligence-based predictive models for the risk 
of hepatic metastasis (33). As for imaging, Zambirinis et al.  
performed preoperative CT-enhanced scans in patients 
with PDAC and found that radiomics could predict early 
hepatic metastasis in PDAC (34). Compared to previous 
studies (27,33,34), our study used a more convenient and 
radiation-free CEUS, which increases the use of available 
ultrasonographic information without adding additional 
burden to the patient. It thus provides a new way to assess 
the risk of hepatic metastasis from PDAC.

This study’s findings indicated there to be no correlation 
between the occurrence of hepatic metastasis and the 
location of the primary pancreatic tumor. The prevalence 

of hepatic metastasis of PDAC is still in the research stage 
and currently remains controversial. Some scholars believe 
that liver metastasis of PDAC is not related to the location 
of the primary lesion (19), which is consistent with the 
results of our study. However, Kovač et al. asserted that 
the incidence of metastatic disease in patients with primary 
tumors located in the tail of the pancreas is significantly 
higher, and the bottom of the pancreas is denser, making 
metastasis easier (35). Therefore, this view needs to be 
further explored by analyzing a large amount of data.

Hepatic metastasis affects the therapeutic measures and 
prognosis of patients with PDAC. Identifying imaging 
factors that influence hepatic metastasis in PDAC is 
essential for better risk classification of patients and the 
development of treatment strategies. Our study showed 
that the quantitative parameter WIS ratio in CEUS is 
important in assessing the risk of hepatic metastasis. 
Therefore, neoadjuvant chemotherapy can be promoted 
for patients with PDAC at high risk of hepatic metastasis, 
when clinically assessed as necessary, to improve patient 
survival. Moreover, the frequency of follow-up for these 
patients can be increased to achieve early detection and 
early intervention to prolong the survival cycle. Our study 
not only expands the research horizons of pancreatic CEUS 
but also provides more useful information concerning the 
clinical follow-up treatment of patients with PDAC. 

Nevertheless, our study had several limitations. First, we 
used a retrospective study design and conducted the study in 
a single center with a relatively small sample size. Second, not 
all patients with hepatic metastases had pathologic evidence. 
However, all patients had radiographic and clinically validated 
hepatic metastases. Third, further prospective clinical studies 
are needed to validate our results.

Conclusions

In the pretreatment US evaluation of PDAC, the mode 
and parameters of pancreatic CEUS may provide more 
helpful information concerning the hepatic metastasis 
of PDAC. A rich blood supply is more likely to occur in 
patients without hepatic metastasis. The WIS ratio is a key 
predictor of hepatic metastasis in PDAC. These features 
would be helpful in image surveillance for synchronous or 
metachronous hepatic metastasis of PDAC.
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