
CMJ Oncology

2024 | Volume 1 | Article 100101MedClinics Journals 

Role of Contrast-Enhanced Ultrasound in the 
Evaluation of Vascularization of Intrahepatic 

Cholangiocarcinoma

Research Article

Giancarlo Gismondo Velardi1*, Matilde Lico1, Rosario Maccarone1, Marcello Ferrari1, Angela Teti1, Letterio Militano1, Giuseppe 

Casuscelli1, Ilaria V. Trecroci1, Giuseppe Loria2, Saverio Loria3, Sveva Loria4, Michela Basile1, Francesca Frosina5, Francesco Loria1

1Department of Radiology, Jazzolino Hospital, ASP Vibo Valentia, Italy

2Department of Radiology, Giovanni Paolo II Hospital, ASP Catanzaro, Italy

3Faculty of Medicine, UMG Catanzaro, Italy

4International University Unicamillus, Italy

5General Medicine, ASP Reggio Calabria, Italy

Citation: Gismondo Velardi G, Lico M, Maccarone R, Ferrari M, Teti A, 
Militano L, et al. Role of Contrast-Enhanced Ultrasound in the Evaluation of 
Vascularization of Intrahepatic Cholangiocarcinoma. CMJ Oncol. 2024; 1(1): 
1001.

Copyright: © 2024 Giancarlo Gismondo Velardi

Publisher Name: MedClinics Journals

Received: May 02, 2024; Accepted: May 27, 2024; Published: May 29, 2024

*Corresponding author: Giancarlo Gismondo Velardi, Department of Radiol-
ogy, Jazzolino Hospital, ASP Vibo Valentia, Vibo Valentia, Italy E-mail: ggv84@
hotmail.com

Abstract
Aim: The aim of this report is to evaluate the role of Contrast-Enhanced Ultrasound (CEUS) in the vascularization of ICC, with regards to the start of contrast-
enhancement time in the lesion during the arterial phase.

Methods: 52 patients who presented nodular hepatic lesions suspected for intrahepatic cholangiocarcinoma were examined by CEUS and enrolled in the 
study.

Results: We observed 3 Contrast-Enhancement (CE) pattern in the arterial phase in 52 nodules considered as ICC: peripheral rim-like enhancement (36/52), 
incomplete heterogeneous fill-in (8/52), complete homogeneous fill-in (6/52) and 2 cases of intraductal ICC with peripheral rim-enhancement. The arterial 
enhancement is always characterized (100%) by an early wash-in (in a time between 11 and 22 s) and wash-out (22-35 s).

Conclusion: CEUS is a method capable of documenting with very reliable accuracy the intralesional vascularization of intrahepatic cholangiocarcinoma. 
However, CEUS also presents some limitations, mainly in relation to the location of lesions.
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Introduction
Intrahepatic Cholangiocarcinoma (ICC) arises from the 

epithelium of second order branches of the biliary system, mostly 
after chronic inflammation of the intrahepatic biliary ducts such as 
primary sclerosing cholangitis. After Hepatocarcinoma (HCC), ICC 
is the second malignant hepatic tumor, with an incidence of about 
1-2 per 100.000 [1].

Due to the delayed diagnosis, this tumor has poor prognosis: 
only 15% of tumors is resectable at diagnosis, with median survival 
of less than 3 years. To achieve the best clinical outcome, early 
detection is mandatory for useful treatment [1].

B-Mode ultrasound in association with Color-Doppler is 
the first-line imaging method in the detection of Focal Liver 
Lesions (FLLs), but its specificity is limited [2]. The development 
of second-generation contrast agents and of modern dedicated 

software has improved the diagnostic value of US in detection 
and characterization of focal liver lesions, allowing the evaluation 
of intralesional vascularization in real-time during all the contrast 
phases [2,3]. The aim of this work is to evaluate the vascularization 
of ICC during arterial phase considering the precocity of the time 
of wash-in and wash-out.

Methods
Between December 2019 and January 2023, 370 patients, 

without underlying liver disease, affected by single FLL were 
examinated: 160 patients with HCC, 2 metastasis, 50 atypical 
hemangiomas, 15 atypical adenomas, 6 focal abscesses, 15 
atypical focal nodular hyperplasia. 52/370 had ultrasound signs 
suspicious for intrahepatic cholangiocarcinoma, such as irregular 
margins, parenchymal retraction with associated homogeneous 
or inhomogeneous findings, district biliary dilatation. The patients 
were included in this retrospective study: they were 20 females and 
32 males with an average age of 67 years and Body Mass Index (BMI) 
of about 26. In 28 patients, the lesion was discovered incidentally 
during B-Mode examination; in 24 it was discovered due to clinical 
manifestations as abdominal discomfort, abdominal pain, nausea, 
weight-loss, weakness, rapid decline in performance status.

In B-mode examination, 8 nodules (15.4%) were slightly 
hyperechoic (of these, 4 with halo sign), 22 (42.3%) hypoechoic (of 
these, 4 with halo sign), 8 (15.4%) isoechoic and 14 (26.9%) with 
heterogeneous appearance. Margins were defined in 57.6% (30/52) 
of the cases, poorly defined in 43.4% (22/52). 12 nodules (23.1%) 
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sized ≤ 3 cm, and 40 (76.9%) more than 3 cm. These characteristics 
are summarized in Table 1. 16 lesions were located in the left lobe 
(in segment II/III), 20 were located medially in segment IV, 10 were 
located in the right segments (V, VI, VII, VIII), and 6 involved more 
than three segments (3 right and 3 left).

16 patients had elevated CA19-9 levels (average value of about 
133 U/ml); elevated Alpha-Fetoprotein (AFP) (110 ng/ml) and 
Carcinoembryonic Antigen (CEA) (19 ng/ml) levels were detected 
in only one patient respectively.

In all patients the diagnosis was confirmed by surgery or biopsy.

The Ethical Board of the hospital approved this study.

Diagnostic criteria

Based on the known semeiological findings in the literature, 
we considered as sign of ICC the presence of rim-like enhancement 
with incomplete fill-in during arterial phase and rapid wash-
out during portal and late phase. Also, we considered as sign of 
ICC the presence of wash-in during the first arterial phase (0-22 
seconds) and wash-out starting during the late arterial phase (22-
35 seconds) in the lesion with homogeneous or inhomogeneous 
enhancement.

We analyzed in real time the lesion evaluating during arterial 
phase these findings: the start of vascularization within the 
lesion; distribution of vascularization within the lesion, central or 
peripheral; complete fill-in (homogeneous) or incomplete fill-in 
(inhomogeneous); start of the wash-out; size of the nodules (≤ of 3 
cm and > of 3 cm).

Also, we analyzed the time of wash-in and wash-out of HCC: in 
these lesions the wash-in started from 20 seconds and wash-out 
from 50 seconds.

Statistical analysis

Fisher’s test was used to evaluate the diagnostic capabilities 
of CEUS in terms of sensitivity, specificity, diagnostic accuracy and 
positive predictive value.

These values were evaluated in comparison with semeiological 
data reported in the literature.

Results
During the arterial phase 36 nodules (69.2%) had peripheral 

distribution of vascularization (rim-like enhancement, Figure 1), 8 
(15.3%) had incomplete fill-in with heterogeneous enhancement 
(Figure 2), 6 (11.5%) had complete fill-in with homogeneous 
enhancement (Figure 3) and 2 (3.8%) were intraductal ICC with 
peripheral distribution of vascularization. The 2 cases of ICC with 
intraductal development had sharp, defined margins with regular 
capsular enhancement, in contrast to the larger lesions that show 
rim-like enhancement with finely irregular, bumpy margins. All 
lesions appeared as hypo vascular in portal and late phase. These 
findings are summarized in Table 2.

The lesions with diameter >3 cm (40/52) showed: 20 
(50%) peripheral rim-like enhancement, 10 (25%) incomplete 
inhomogenous enhancement and 10 (25%) complete 
homogeneous enhancement. Lesions with diameter ≤ 3 cm 
(12/52): 10 (83.3%) presented homogeneous enhancement and 2 
(16.7%) peripheral rim enhancement. These data are reported in 
Table 3.

During the arterial phase, the presence of intralesional 
vascularization was observed from 11 to 22 seconds to the start 
of injection. The wash-out phase started from 28 to 35 seconds. In 
4 lesions, the wash-out appeared after 36s. The wash-in and wash-
out time of CE during arterial phase of the lesions is reported in 
Table 4.

Wash-out of contrast-media was observed in the portal and 
late phase in all cases, with aspect of hypo-enhancement (100%). 
During portal phase, in 18/36 patient (34.6%) who presented the 
arterial peripheral rim-like enhancement, a persistence of this 
finding was observed.

Table 1: B-Mode appearance of ICC.
Echogenicity N° (%)
Hypoechoic 22 (42.3%)

Isoechoic 8 (15.4%)
Slightly hyperechoic 8 (15.4%)

Heterogeneous 14 (26.9%)
Size  

<3 cm 12 (23.1%)
>3 cm 40 (76.9%)

Margins  
Defined 30 (57.6%)

Poorly defined 22 (43.4%)

CEUS

The examinations were performed with ESAOTE MY LAB 9 
and ESAOTE X 90 equipment with a contrast specific mode at low 
mechanical index, with 3.5/1-8 MHz convex transducers. SonoVue 
(Bracco, Italy) is the contrast medium employed; it consists of 
micro bubbles of stabilized phospholipids containing Sulphur 
hexafluoride. An intravenous bolus injection of SonoVue at the 
dose of 2,4 ml was first administered, followed by a flush of 5 ml 
saline solution, using a 20-gauge catheter.

The liver was examinated by B-Mode sonography in all patients 
before the contrast media injection to identify the most feasible 
scan plan for the study of the target lesion.

All lesions were studied in real-time up to approximately 5 
minutes from the start of injection. All examinations were recorded 
on a digital support. No adverse reactions were observed in any 
patient.

Images analysis

Two radiologists, with more than 10-years’ experience in 
CEUS of the liver, analyzed (separately and independently of the 
radiologist who performed the examinations), the registered 
examinations on digital support (DVD). Any data of patients was 
hidden to the readers.

During the review, we considered an extended arterial phase 
(0-35 seconds), portal phase (36-90 seconds) and late phase (>90 
seconds). We extended the arterial phase to 35 seconds to evaluate 
the start of the wash-out phase.

To check the sensitivity, specificity, diagnostic accuracy and 
predictive positive value, of precocity of wash-in and wash-out 
of contrast medium into the lesions, we also evaluated these two 
phases during arterial phase in a control group of patients with 
HCC.
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2/52 lesion showing homogenous arterial enhancement 
(similarly to the other) with wash-out starting after 30 seconds. 
We erroneously classified these lesions as ICC. At pathological 
examinations after surgery, these lesions were classified as 
metastasis from rectal carcinoma.

The analysis of wash-in and wash-out of control group of 
patients with HCC revealed starting of wash-in time during arterial 
phase from 20 to 30 seconds and the start of wash out from 50-60 s.

These values sensitivity, specificity, diagnostic accuracy and 
positive predictive value of CEUS in diagnosis of ICC in our series 
are reported in Table 5.

Discussion
The development of dedicated software and the second-

generation contrast media implemented the role of CEUS in the 
detection and characterization of FLLs, due to the possibility to 
detect in real-time the vascularization. The second-generation 
US contrast medium (Sonovue), differently from contrast agents 
employed in CT and MR, has only endovascular distribution, 
without passage into the interstitial space [2]. In fact, CEUS can 
visualize more clearly the vascular patterns of the FLLs, giving 
additional information during all phases [4].

In the literature are reported 4 different patterns of CE of ICC 
in the arterial phase [5]: irregular peripheral hyper-enhancement, 
heterogeneous hyper-enhancement, homogeneous hyper-
enhancement, heterogeneous hypo-enhancement. In the portal 
and late phases is reported the pattern of hypo vascularization in 
all cases.

Figure 1: A) B-Mode ultrasound shows slightly hyperechogenic, inhomogeneous eco structure nodule with slightly rough and irregular hypoechoic margins; B) Arterial 
phase (19 s): rim-like peripheral hyperenhancement with central minimal microcirculation; C) Portal phase (69 s): the nodule has peripheral wash-out with central hypo 
enhancement; D) Late phase: ICC nodule presents hypo enhancement.

Figure 2: A) B-Mode ultrasound shows an unevenly hypoechoic nodule (caliper) and finely drafted irregular margins); B) During arterial phase, CE time started at 22 s 
and it is inhomogeneous; C) During portal phase (65 s): slight persistence of peripheral enhancement with intralesional wash-out is observed; D) Late phase shows hypo 
enhancement of the nodule.

Figure 3: A) B-Mode ultrasound shows a homogenous iso-hypoechoic nodule with thin peripheral hypoechoic halo; B) During arterial phase the CE time of the lesion 
started after 17 s, with a complete and homogeneous hyperenhancement; During portal phase (C) and late phase (D), the nodule presents hypo enhancement.
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In our series, we encountered 3 types of vascularization in the 
arterial phase: peripheral rim-like (73%), complete homogeneous 
(11.5%), or incomplete heterogeneous (15.3%). We didn’t 
encounter during arterial phase the type of heterogeneous hypo-
enhancement, because we considered the heterogeneous hypo-
enhancement pattern as incomplete fill-in.

In all nodules (100%), we observed the start of vascularization 
in the early arterial phase, between 11 and 22 s, and the start 
of wash-out (92%) between 22-35 seconds, in 4 (8%) after 35 
seconds. These findings, not reported in other reports, allow us 
for a correct diagnosis and may be considered as another signs of 
ICC. The control group of patients with HCC presenting the start of 
vascularization between 20-30 s and the start of wash-out after 60 
s [3,6]. In fact, in no case of HCC was noted wash-out before 35 s.

The CE pattern reported in the literature during arterial 
phase can be influenced by the tumor size, in particular, ICC 
with dimension less than 5 cm generally shows a homogeneous 
enhancement (due to a minor fibrotic component), while if greater 
than 5 cm typically presents peripheral enhancement in the arterial 
phase and hypo vascularization in the portal and late phase [5].

In our series, the lesions with diameter >3 cm (40/52) showed: 
20 (50%) peripheral rim enhancement, 10 (25%) incomplete and 
10 (25%) complete enhancement. Lesions with diameter ≤ 3 cm 
(12/52): 10 (83.3%) presented homogeneous enhancement and 2 

(16.7%) peripheral rim enhancement.

Jin et al. [7] retrospectively analyzed 64 ICC, divided into 
two groups depending on tumor size: 25 with dimensions <5 
cm and 39 >5 cm. During the arterial phase, in the first group 
31.3% had homogeneous hyperenhancement, 17.2% partial 
hyperenhancement and 51.6% peripheral enhancement; in the 
second group, 64% had homogeneous hyperenhancement, 8%, 
partial hyperenhancement, 28% peripheral enhancement. During 
the portal venous phase, in the first group 16% had an isoechogenic 
aspect and 84% hypoechoic aspect; in the second group 7.7% 
had an isoechoic aspect and 92.3% hypo vascular aspect. In both 
groups, 100% of lesions were hypo vascular in the late phase [7].

Xu et al. [8] demonstrated that CEUS findings correlate areas 
of endo tumor hyper-enhancement, indicate an increase in 
tumor cell density. In this study, in the arterial phase, 59.4% had 
irregular peripheral hyperenhancement, 18.8% heterogeneous 
hyperenhancement, 9.4% homogeneous hyperenhancement, 
12.5% homogeneous hypo enhancement, 28.1% had endolesional 
arterial vessels. In the portal phase, 96.9% had hypo enhancement, 
3.1% iso enhancement. In the late phase, 100% of lesions have 
hypo vascular appearance [8].

The grade of microvascular density, arterial density, fibrous 
stroma, and necrosis may be responsible for the difference in the 
aforementioned enhancement patterns [9,10].

In our series, we found 36/52 cases of rim peripheral 
enhancement in arterial phase that, as suggested by Xu et al. [8], 
corresponds to increase in tumor cell density, while the central 
portion of the lesion with hypo vascular aspect corresponds to 
fibrous stroma.

Chen et al. [5] reported that the portal-venous peripheral 
enhancement rim (present in 66.7% of the lesions under evaluation 
in their retrospective study) can confirm the diagnosis of ICC as an 
expression of abundant cellularity in the peripheral part of the 
mass [5,11,12].

We emphasize the precocity of CE time during arterial phase: 
in all cases, the CE was ranged from 0-22 seconds and wash-out 
ranged from 22-35 seconds. We retain that this finding contributes 
to make a correct diagnosis of ICC, because it shows vascularization 
earlier than other focal liver lesions, particularly HCC usually 
presents start of wash-out after 60 seconds [3].

Based on these findings, in particular due to the evaluation 
of precocity of CE, in our series we reported sensitivity (100%), 
specificity (96%), diagnostic accuracy (98%) and positive predictive 
value (96%) of CEUS in ICC diagnosis. In the other series, were 
reported similar data regard sensitivity (78.8-91.3%), specificity 
(83.8-96.7%), diagnostic accuracy (84.3-96.5%), PPV (56.8-82.3%) 
[13-15].

We erroneously classified as ICC 2 colon-rectal metastasis 
because their CE time were similar as homogeneous ICC.

In the clinical practice, the use of CT is considered conclusive 
for the diagnosis in almost all patients, while MRI is only used in 
specific patients [16]. In the diagnosis of ICC, CT shows a sensitivity 
of 49-84,2%, specificity of 67.1-100%, diagnostic accuracy of 69-
89.8%, PPV 92-100%, NPV 48-75%. MRI shows a sensitivity of 51-
95.12%, specificity of 65.7-97.6%, diagnostic accuracy of 79-95.7%, 

Table 2: CEUS patterns.

Arterial phase Nodules, n (%)
Peripheral rim enhancement 38 (73%)

Central enhancement 0 (0%)
Complete heterogeneous enhancement 8 (15.3%)
Complete homogeneous enhancement 6 (11.5%)

Portal phase  
Hypoenhancement 52 (100%)
Hyperenhancement 0 (0%)

Isoenhancement 0 (0%)
Late phase  

Hypoenhancement 52 (100%)
Hyperenhancement 0 (0%)

Isoenhancement 0 (0%)

Table 3: Arterial enhancement pattern in relation to the size of the nodules.

Arterial enhancement pattern Nodules >3 cm, n (%)
Nodules ≤ 3 

cm, n (%)
Rim enhancement 20 (50%) 2 (16,7%)

Central enhancement 0 (0%) 0 (0%)
Incomplete disomogeneous 

enhancement
10 (25%) 0 (0%)

Complete homogeneous 
enhancement

10 (25%) 10 (83,3%)

Table 4: Time of wash-in and wash-out during arterial phase.

Arterial wash-in  
Early (11-22 sec.) 52 (100%)

Late (>22 sec.) 0 (0%)
Arterial wash-out  

Early (28-35 sec.) 48 (92%)
Late (>35 sec.) 4 (8%)

Table 5: Sensitivity, specificity, diagnostic accuracy and positive predictive 
value of CEUS in ICC diagnosis in our series.

Total number of 
cases

Sensitivity Specificity
D i a g n o s t i c 

accuracy
Positive predictive 

value (PPV)
52 100% 96% 98% 96%
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PPV 92%, NPV 76%. [17-22].

In addition, hepatospecific contrast agent (BOPTA and/or EOB) 
MRI may allow later sequences (cholangiography) to demonstrate 
hepatocyte alteration characterized by low signal intensity in the 
lesion, providing additional diagnostic evidence of malignancy 
[23].

CEUS is also well recognized for the ability to characterize liver 
lesions; its excellent diagnostic value was confirmed by several 
prospective studies, including the DEGUM study with over 1000 
patients [24], the Romanian [25] and the French multicenter study 
[26].

CEUS showed the same accuracy of CT and MRI in the 
characterization of liver tumors [27,28]. Therefore, CEUS was 
included among the imaging techniques approved for the non-
invasive diagnosis of HCC in the 2005 American Association of 
the Study of Liver Disease (AASLD) guidelines [29]. However, in a 
retrospective series of histologically confirmed cirrhosis patients 
with ICC, the Barcelona Clinic Liver Cancer (BCLC) team found 
out ten ICC patients with CEUS enhancement pattern similar to 
those considered diagnostic for HCC, or homogenous arterial 
enhancement followed by wash-out [30].

Based on these findings, CEUS was removed from diagnostic 
techniques for nodules in cirrhosis in the AASLD 2011 guidelines 
[31] and subsequently also from the European Association for the 
study of the Liver (EASL) guidelines [32,33]. However, this removal 
has raised many controversial arguments and has not been well 
accepted in Europe and Asia [34].

A clinical evaluation with tumor markers and biochemical tests 
are suitable to differentiate ICC from HCC. In fact, tumor markers 
represent an additional diagnostic tool for the diagnosis of ICC and 
for the differential diagnosis with HCC. In particular, CA19-9 shows 
increased values in patient with ICC [35], while Alpha-Fetoprotein 
(AFP) in HCC [36].

CEUS can be used in patients undergoing Radiofrequency 
Therapy (RFA) when the target is not clearly evident at baseline 
US. Also, it can be performed during treatment with RFA to detect 
the presence of micro vascularization within the lesion, making 
possible to evaluate the effectiveness [37,38].

The intrinsic limitations of CEUS are related to various patient 
characteristics such as obesity, patients’ compliance, size, depth, 
and operator experience [39].

Another important limitation of CEUS consists on the 
examination performed on the single target. On the contrary, CT 
and MRI allow to evaluate the entire hepatic parenchyma.

When a differential diagnosis between benign and malignant 
lesion is not possible despite the use of different imaging methods, 
a strict follow up of the patient or a biopsy could be necessary, 
depending on the size of the lesion and clinical considerations [40].

Conclusion
CEUS is a not invasive, not stressful, rapid, economical and 

accurate tool for the diagnosis and management of ICC. The 
presence, during the arterial phase, of vascularization between 0 
and 22 seconds, either with rim-like enhancement morphology, 
complete or incomplete fill-in, and the ultra-rapid wash-out (22-

36 s), allow a correct diagnosis of ICC, also plays a decisive role in 
differentiating ICC from HCC.
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