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4.1   Overview

4.1.1   Epidemiology

Intrahepatic cholangiocarcinoma (ICC) is a pri-
mary neoplasm that develops from epithelial cells 
of the intrahepatic bile ducts. It represents 10–15% 
of all primary liver cancers and is the second most 
common primary hepatic cancer after hepatocel-
lular carcinoma [1]. It is associated with a very 
poor prognosis because most patients with ICC 
present with advanced disease, characterized by 
large multifocal tumors, vascular invasion, and in 
some cases extrahepatic spread.

4.1.2   Risk Factors

Cholangiocarcinogenesis is a multifactorial pro-
cess. Several risks factors have been identified, but 
in the vast majority of cases, no risk factor is pres-
ent. Long-established risk factors are hepatobiliary 
flukes (Opisthorchis viverrini and Clonorchis), pri-
mary sclerosing cholangitis (PSC), biliary inher-
ited anomalies (choledochal cystic diseases, Caroli’s 
disease), hepatolithiasis, and toxins. More recently, 
cirrhosis has been shown to be a risk factor.

4.1.3   Pathology

According to the Japanese Liver Cancer Group, 
different patterns of tumor growth can be 
described for ICC: mass-forming (exophytic), 
periductal (infiltrating), intraductal (polypoid), 
or mixed (mass-forming and periductal) pattern. 
Mass forming is the most frequent pattern in 
intrahepatic cholangiocarcinoma [2].

The pathological diagnosis of ICC is based on 
the WHO classification of biliary tract cancer. ICC 
is an adenocarcinoma or mucinous carcinoma with 
frequent marked fibrous stroma. Tumor spread is 
characterized by local intrahepatic metastases, vas-
cular and perivascular invasion, lymphatic involve-
ment, and perineural invasion, explaining both 
local and distant tumor spread patterns.

Local spread is driven by peritumoral intrahe-
patic metastases and vascular involvement. 
Intrahepatic local metastases are often referred to 
as “daughter” or “satellite” nodules and corre-
spond to the growth of small tumors surrounding 
the main lesion. Local spread is different from 

that observed in hepatocellular carcinoma (HCC) 
and is more frequently macroscopic. Moreover, 
and unlike HCC, micro- and macrovascular 
spread are not endoluminal but perivascular and 
result in progressive vessel encasement.

Locoregional and more distant spread rely 
mostly on invasion and diffusion through the deep 
lymphatic system of the liver as well as on perineu-
ral invasion. The lymphatic system of the liver is 
divided into deep and superficial networks 
(. Fig. 4.1) [3]. The deep system follows the rami-
fications of the portal triads and hepatic veins, 
while the superficial system is in the connective 
tissue of convex and inferior surfaces of the liver. 
In the deep system, the periportal lymphatic tract 
is the most important, responsible for 80% of 
hepatic lymph drainage. Small lymphatics pro-
gressively merge into larger lymph vessels along 
the portal tract transporting lymph in the same 
direction as the bile, toward the hepatic hilum. The 
rich plexus of periportal tract lymphatics con-
verges to form 12–15 lymph vessels that drain into 
the hepatic lymph nodes of the portal hilum. This 
explains the frequent hilar nodal extension of 
ICC. These hepatic lymph nodes are located along 
the hepatic vessels in the lesser omentum. The out-
going efferent lymphatic vessels from the perihilar 
lymph nodes reach the celiac lymph nodes, which 
drain into the cisterna chili (Pecquet cisterna) 
which is the dilated origin of the thoracic duct. 
The other part of the deep system contains lym-
phatics that follow the hepatic veins and merge 
into five to six large lymphatic vessels that pass 
through the diaphragm along with the inferior 
vena cava toward the posterior mediastinal lymph 
nodes [3]. This explains the possible presence of 
lung metastases as well as vascular invasion.

Perineural invasion is found at histopathology 
in up to 80% of patients. It is a known marker of 
highly aggressive disease and is associated with a 
poor prognosis [4–6]. The process of perineural 
invasion is different from metastases via the 
bloodstream or the lymphatic system, with dis-
tinctive histologic features, underlying cellular 
mechanisms, and molecular mediators [6].

4.1.4   Diagnosis

Imaging plays an important role in the diagnostic 
process as it allows assessment of locoregional 
and distant tumor spread. Imaging features of 
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ICC have been well described [1, 7]. The goal of 
imaging of ICC is threefold: (a) to characterize 
ICC by identifying suggestive imaging features, 
(b) to confirm the diagnosis with imaging-guided 
biopsy (c) to perform pre-therapeutic staging, 
and to assess surgical resectability. Several com-
plementary imaging techniques are used to this 

purpose. Abdominal ultrasound (US) is often the 
first-line examination to identify tumor location 
and visualize upstream bile duct dilatation, when 
present. In experienced hands, US is a highly 
accurate diagnostic exam. However, a differential 
diagnosis and locoregional tumor extension can-
not be determined with this technique. Multiphase 

a b

c d

       . Fig. 4.1 Schematic representation of the liver lym-
phatic system. a Deep lymphatic system of the liver—
portal tract showing the course of the deep periportal 
lymphatic system (red arrows) to lymph nodes of the 
hepatic hilum and then to the celiac lymph nodes (yellow 
dots). b Deep lymphatic system of the liver—hepatic veins 
tract showing the course of the deep ascending lymphatic 
system (purple arrows) following hepatic veins to medi-
astinal lymph nodes (yellow dots). c Superficial lymphatic 
system of the liver. Right set (orange arrow): lymph vessels 
go by on the abdominal surface of the diaphragm to reach 
the celiac lymph nodes. Middle set (red arrows): through 

the inferior vena cava foramen to the mediastinal lymph 
nodes. Left set (purple arrows): through the esophageal 
hiatus to the superior gastric lymph nodes. Few central 
vessels (pink arrows) drain along the falciform ligament 
downward to the abdominal wall or upward to the para-
sternal lymph nodes. d Superficial lymphatic system of the 
liver—inferior surface. The majority of lymphatics (red, pur-
ple and pink arrows) converge toward the hepatic lymph 
nodes of porta hepatis. Few lymphatics of the posterior 
part of caudate and right lobes (orange and pink arrows) 
accompany the inferior vena cava through the diaphragm 
to mediastinal lymph nodes

Intrahepatic Cholangiocarcinoma
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contrast-enhanced computed tomography (CT) 
and magnetic resonance imaging (MRI) are 
therefore performed to reach a positive and dif-
ferential diagnosis of the lesion for tumor staging. 
Although CT accurately evaluates vascular 
encasement and provides whole-body imaging, 
MRI is the best technique to assess intrahepatic 
spread and biliary extension.

On unenhanced CT, ICC is usually seen as a 
hypoattenuating focal liver mass with irregular 
margins. Occasionally, calcifications may be seen. 
Multiphase contrast-enhanced CT acquisitions 
show peripheral rim enhancement on arterial 
phase images with progressive uptake on portal 
venous and delayed phases due to the presence of 
marked fibrous stroma [8]. CT may also fre-
quently show biliary obstruction, capsular retrac-
tion, and/or ipsilateral parenchymal atrophy. On 
MR imaging, ICC is hypointense on T1-weighted 
and moderately hyperintense on T2-weighted 
images [9]. T2-weighted images may also show 
central hypointensity corresponding to areas of 
fibrosis. After extracellular contrast agent admin-
istration, dynamic images show peripheral 
enhancement on arterial phase images followed 
by progressive and concentric enhancement, 
somewhat similar to that observed with CT. If MR 
cholangiopancreatography is performed, it can 
help visualize the level of biliary obstruction, but 
the value of this technique is more limited than 
for hilar cholangiocarcinoma. Several enhance-
ment patterns have been described on hepatospe-
cific gadolinium chelate-enhanced MR imaging 
[10]. Most lesions (60%) show a thin peripheral 
rim with centripetal or progressive enhancement 
on portal venous phase images and marked 
hypointensity on hepatobiliary phase images 
(96%) [10].

The use of 18-fluorodeoxyglucose positron 
emission tomography (FDG-PET) to detect 
cholangiocarcinomas is a subject of debate. ICCs 
are usually considered to be FDG-avid lesions, 
and tumors as small as 1 cm can be detected with 
a reported sensitivity of 85–95%. However, 
FDG- PET is less accurate for identifying infil-
trating tumors [11, 12]. Thus the clinical value of 
PET/CT for the diagnosis of ICC is limited when 
CT and/or MR imaging can identify typical fea-
tures [13].

4.1.5   Staging

Optimal treatment of cholangiocarcinoma is 
based on complete tumor resection, which mainly 
depends on locoregional and distant tumor exten-
sion. The goal of surgery is to obtain complete 
tumor resection with safe margins (R0) while pre-
serving a sufficient and functional future liver 
remnant, i.e., with good vascular in- and outflow 
and by restoring bile flow.

Unlike hilar cholangiocarcinoma, the literature 
on the staging of ICC is poor. However, several 
staging systems have been proposed, including two 
based on data from Japan [8, 9]. Okabayashi et al. 
[8] have proposed a staging system based on sev-
eral independent factors associated with poor 
long-term survival, including the presence of vas-
cular invasion, symptomatic disease, regional 
lymph node metastases, and multiple tumors 
(7 Box 4.1). Yamasaki et al. [9] include tumor size 
(<2 cm or >2 cm), solitary vs. multiple tumors, the 
presence/absence of vascular or peritoneal inva-
sion, distant metastases, and the presence/absence 
of regional lymph node metastases in their staging 
system (. Table  4.1). Recent studies have shown 
that prediction of the long-term prognosis was 

Box 4.1 Proposed Staging System for Patients 
with Mass-forming Intrahepatic Cholangiocar-
cinoma According to Okabayashi et al. [17]

 5 T: Primary tumor
 5 T1: Solitary tumor without vascular 
invasion

 5 T2: Solitary tumor with vascular invasion
 5 T3: Multiple tumors with or without 
vascular invasion

 5 N: Regional lymph nodes
 5 N0: No regional lymph node metastases
 5 N1: Regional lymph node metastases

 5 M: Distant metastasis
 5 M0: No distant metastases
 5 M1: Distant metastases

 5 Stage grouping
 5 Stage I: T1 N0 M0
 5 Stage II: T2 N0 M0
 5 Stage IIIA: T3 N0 M0
 5 Stage IIIB: Any T N1 M0
 5 Stage IV: Any T any N M1

M metastasis status, N lymph node status,  
T tumor classification
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poor with this staging system and have proposed a 
new one (7 Box 4.2) [10]. In 2010 the 7th edition of 
the AJCC/UICCA staging manual was published, 
including a specific staging system for ICC (7 Box 
4.3) [11]. With the AJCC/UICCA system, tumor 
size is not considered a prognostic factor, while 
T-classification is based on the number of lesions, 
on the presence/absence of vascular invasion, 
intrahepatic metastasis, and invasion of adjacent 
structures. The AJCC/UICCA staging system also 
includes both “N” and “M” subclassifications. 
Regional lymph node metastases in the hilar, peri-
duodenal, and peripancreatic nodes are considered 
N1 disease. This staging system has been indepen-
dently validated [12] and endorsed by the European 
Association for the Study of the Liver (EASL) as the 

       . Table 4.1 Proposed staging system for  
patients with mass-forming intrahepatic cholangio-
carcinoma according to the Liver Cancer Study 
Group of Japan [14]

Criteria

1. No. of tumors Solitary

2.  Size of largest 
tumor

2 cm

3.  Venous or 
serosal invasion

Tumor classification

  T1 All three criteria are fulfilled

  T2 Only two of the three criteria 
are fulfilled

  T3 Only one of the three criteria is 
fulfilled

  T4 None of the three criteria are 
fulfilled

Stage

  I T1N0M0

  II T2N0M0

  III T3N0M0

  IVA T4N0M0

T1–T4N1M0

  IVB Any T any N M1

M metastasis status, N lymph node status, T tumor 
classification

Box 4.2 Proposed Staging System for Patients 
with Mass-forming Intrahepatic Cholangiocar-
cinoma According to Nathan et al. [18]

 5 T categories
 5 T1: Solitary tumor, no vascular invasion
 5 T2: Solitary tumor with vascular invasion

 – ≥ 2 tumors, ± vascular invasion
 5 T3: Extrahepatic extension

 5 N categories
 5 NX: Nearby (regional) lymph nodes 
cannot be assessed.

 5 N0: No regional lymph node metastases
 5 N1: Regional lymph node metastases

 5 M categories
 5 M0: No distant metastases
 5 M1: Distant metastases

 5 Stages
 5 I T1, N0, M0
 5 II T2, N0, M0 or T3, N0, M0
 5 III Any T, N1, M0
 5 IV Any T, any N, M1

Box 4.3 Proposed Staging System for 
Patients with  Mass-forming Intrahepatic 
Cholangiocarcinoma According to  the  7th 
edition of the AJCC [19]

 5 T categories
 5 Tis: Cancer cells only in the mucosa 
(intramucosal carcinoma).

 5 T1: Solitary tumor without vascular 
invasion

 5 T2: Split into 2 groups:
 – T2a: Solitary tumor with vascular 
invasion

 – T2b: ≥2 tumors, ±vascular invasion
 5 T3: Tumor perforating the visceral 
peritoneum or involving local extrahe-
patic structures by direct invasion

 5 T4: Tumors with any periductal-infiltrating 
component

 5 N categories
 5 N0: No regional lymph node metastases
 5 N1: Regional lymph node metastases

 5 M categories
 5 M0: No distant metastases
 5 M1: Distant metastases

 5 Stages
 5 0 Tis, N0, M0
 5 I T1, N0, M0
 5 II T2, N0, M0
 5 III T3, N0, M0
 5 IVA T4, N0, M0 OR any T, N1, M0
 5 IVB Any T, any N, M1

M metastasis status, N lymph node status,  
T tumor classification

Intrahepatic Cholangiocarcinoma
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preferred staging system for resected ICC (recom-
mendation level B1) [1]. Nevertheless, EASL 
acknowledges that future studies should focus on 
stratifying nonsurgical patients for clinical studies 
using a clinical rather than a surgical staging pro-
cess [1]. Recent reports suggest that the presence of 
metastatic lymph node or the analysis of lymph 
node ratio has better prognostic value than the 
AJCC 7th edition staging system [13]. These 
reports also stress that tumor size and biliary inva-
sion should be reintroduced [14] (. Table 4.2), and 
that tumor growth types are essential [16].

4.1.6   Treatment and Prognosis

Although surgery is the best-known treatment, 
only 20–40% of patients with ICC are eligible for 
potential curative resection at diagnosis [1]. 
Adjuvant chemotherapy and/or radiotherapy has 
failed to improve survival in most patients. The 
5-year survival in patients following curative sur-
gery is 30–35%, while the median overall survival 
is approximately 28 months [1]. . Table 4.3 lists 
the main factors affecting survival in five different 
surgical series. The most important prognostic 
factors are age at diagnosis, tumor size (>2–3 cm), 
lymph node metastases, multiple tumors or intra-
hepatic metastases, vascular invasion [14, 16], 
and type of enhancement on contrast-enhanced 
CT [20]. Serosal invasion is not considered to be a 
prognostic factor in all studies [17, 21]. 
Multivariate analyses have shown that lymph 
node metastases, multiple tumors at presentation, 
and vascular invasion are the most important 
independent factors associated with a poor post-
operative outcome [17, 18].

4.2   Patterns of Local Spread

4.2.1   Parenchymal Dissemination

According to Okabayashi et  al., approximately 
one third of patients with a preoperative diagnosis 
of a solitary tumor have multiple satellite lesions 
in the resected specimen (. Fig.  4.2) [8]; when 
larger than 1 or 2 cm, approximately two thirds of 
satellite nodules are detected by imaging [20]. 
Historical studies have shown that CT and con-
ventional MR imaging have similar performances 
for the detection of satellite lesions [17]. With 
both imaging modalities, nodules are appreciated 
because they enhance in parallel with the primary 
tumor. With the introduction of diffusion- 
weighted imaging (DWI) (. Fig. 4.3) and of hepa-
tobiliary MR contrast agents, satellite nodules can 
be visualized better by MRI. Kang et al. reported 
additional daughter nodules (i.e., located around 
the main tumor) in 10% of the patients and intra-
hepatic metastases (i.e., distant from the main 
tumor) in 2%, using gadoxetic acid-enhanced 
MRI during the hepatobiliary phase [21]. CT or 
MR can be used to estimate the volume of the 
future liver remnant of potential surgical candi-
dates. In patients with a healthy liver parenchyma, 

       . Table 4.2 Proposed revised staging system for 
patients with mass-forming intrahepatic cholan-
giocarcinoma according to the Liver Cancer Study 
Group of Japan [15]

Criteria

1.  No. of tumors Solitary

2.  Size of largest 
tumor

2 cm

3.  Vascular or major 
biliary invasion

vp0, va0, b0–b2

Tumor classification

  T1 All three criteria are fulfilled

  T2 Only two of the three 
criteria are fulfilled

  T3 Only one of the three 
criteria is fulfilled

  T4 None of the three criteria 
are fulfilled

Stage

  I T1N0M0

  II T2N0M0

  III T3N0M0

  IVA T4N0M0

T1–T3N1M0

  IVB T4N1M0

Any TN0, N1 M1

b0–b2 no biliary invasion or minor biliary invasion 
within second-order branch of the bile duct, M 
metastasis status, N lymph node status, T tumor 
classification, va0 no arterial invasion, vp0 no portal 
vein invasion

 Maxime Ronot and Valérie Vilgrain



59 4

25% of the total liver volume should be preserved 
to minimize morbidity from resection, whereas 
40% of the total liver volume is required in patents 
with extensive fibrosis or cirrhosis. In patients 
with an insufficient future liver remnant, portal 
vein embolization (PVE) may be indicated to 
increase volume of remnant liver [18, 19]. Patients 
traditionally undergo sequential treatment with 
preoperative biliary drainage when necessary fol-
lowed by PVE before resection.

4.2.2   Vascular Invasion

Assessment of vascular extension is important 
because it determines the therapeutic options and 
is predictive of oncological outcome. Unlike 
hepatocellular carcinoma, which spreads to the 
vascular lumen, progression of ICC results in vas-
cular encasement. Imaging features suggestive for 

vascular involvement include close contact 
between the tumor and the vessel, vascular defor-
mation, and stenosis or irregularities with nearly 
complete occlusion. Vascular encasement is pres-
ent in approximately 50% of cases, and it involves 
the portal branches (. Fig. 4.4) more often than 
the hepatic veins (. Fig.  4.5) [20, 22]. The pres-
ence of segmental or lobar atrophy is strongly 
associated with ipsilateral portal vein encasement 
[23]. Anatomical variants (e.g., accessory right 
hepatic vein, low insertion of the right posterior 
portal vein, etc.) should be reported because it 
can change the treatment strategy.

Doppler ultrasound effectively identifies vascu-
lar invasion, encasement, or occlusion of both the 
portal veins and the hepatic arteries. In one study, 
preoperative US correctly identified 13/16 cases of 
liver tumors involving the hepatic vein yielding a 
sensitivity, specificity, and a PPV of 81%, 97%, and 
87%, respectively [15]. In a second historical study, 

       . Table 4.3 Recognized prognostic factors according to the main staging systems

Okabayashi 
[17]

LCSGJ  
[14]

Nathan  
[18]

AJCC/UICC 7th 
[19]

LCSGJ revised 
[15]

Number of patients 60 136 598 598 419

Years 1981–1999 1990–1996 1988–2004 NM 2000–2005

Race Japanese Japanese Western Western Japanese

Prognostic factors (worse survival)

Tumor size No >2 cm No No >2 cm

Tumor number ≥2 ≥2 ≥2 ≥2 ≥2

Vascular invasion Yes Yes Yes Yes Yes

Peritoneal invasion No Yes NM Yes Yes

Symptomatic tumor Yes NM NM NM NM

Lymph node invasion Yes Yes Yes Yes Yes

CEA preoperative <5 ng/mLa NM NM NM NM

ALP preoperative >300 IU/mLa NM NM NM NM

CA 19-9 preoperative No NM NM Yes NM

R1 resection No No NM Yes NM

PSC No NM NM Yes NM

NM not mentioned in the original publication, yes significant prognostic factor, no no significant impact on 
survival, ALP alkaline phosphatase, CA carbohydrate antigen, CEA carcinoembryonic antigen, LCSGJ Liver Cancer 
Study Group of Japan, PSC primary sclerosing cholangitis
aOnly significant prognostic factor in univariate analysis
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preoperative US identified 38/41 patients (sensitiv-
ity = 93%) with portal vein involvement at surgery 
[24]. The above reported results were comparable 
to those of CT arterial portography. Nevertheless, 
in clinical practice the reference imaging modali-
ties for vascular invasion are contrast-enhanced 
CT and MR imaging preferably with 3D and multi-
planar reconstructions [25]. Although the two 
examinations are comparable, CT is considered 
more reliable in the assessment of vascular involve-
ment due to its high spatial resolution.

4.3   Regional and Distal Spread

4.3.1   Lymph Node Involvement

It is important to accurately assess lymph nodal 
involvement as the presence of metastatic disease 
within the regional lymph nodes is a strong 

predictor of a poor long-term outcome following 
curative intent resection of intrahepatic cholan-
giocarcinoma [26]. Regional lymph nodes are 
divided into N1 nodes (hilum and around the 
common bile duct, periportal, peripancreatic, 
periduodenal) and N2 nodes (superior mesen-
teric and celiac). In published series, the overall 
accuracy of CT for detection of metastatic lymph 
nodes is 77%, and the most common error in pre-
operative imaging is underestimation of nodal 
involvement [20]. At CT neoplastic lymph nodes 
are round or enlarged and with a heterogeneous 
enhancement (. Figs. 4.6 and 4.7). Unfortunately, 
this pattern is uncommon in the early stage of 
lymph node involvement. Indeed, as previously 
reported, the size of the nodes is poorly correlated 
with tumor status since small nodes may be meta-
static and large lymph nodes may be benign. For 
instance, Adachi et al. reported a 50% sensitivity 
for enlarged nodal size for the detection of tumor 

a b

c d

       . Fig. 4.2 Example of satellite nodules in a 63-year-old 
male with intrahepatic cholangiocarcinoma located in 
the right liver. Contrast-enhanced CT on portal venous a, 
b and delayed phase images c, d show a large heteroge-
neous mass with progressive enhancement (from a to c) 

and capsular retraction due to the presence of abundant 
fibrous stroma. Several smaller lesions (arrows in b and d) 
are depicted around the main tumor, with similar aspect. 
These lesions correspond to satellite nodules
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a b

c d

       . Fig. 4.3 Added value of diffusion-weighted images for 
the detection of satellite nodules in a 47-year-old male with 
intrahepatic cholangiocarcinoma located in the right liver. 
Contrast-enhanced CT on portal venous phase a, b shows a 
large heterogeneous mass in the right lobe (arrow in a) and 

several smaller lesions (arrows in b) located in the liver dome. 
On diffusion- weighted images c, d with high b values, the 
main tumor is more conspicuous (arrow in c). Images show 
significantly more satellite nodules in the liver dome (dashed 
circle in d) and a contralateral nodule (arrow in d)

       . Fig. 4.4 Portal vein encasement in a 52-year-old male 
with intrahepatic cholangiocarcinoma of the right liver 
lobe. Contrast-enhanced CT with maximum intensity 
projection shows the heterogeneous mass in the right 
liver and the absence of right portal vein (arrow), due to 
the tumoral encasement. The main portal vein and the left 
branch were not involved

       . Fig. 4.5 Hepatic vein encasement in a 57-year-old 
female with intrahepatic cholangiocarcinoma. Contrast-
enhanced CT (portal venous phase) shows a heteroge-
neous mass located in the central part of the liver, in close 
contact with the inferior vena cava. The left hepatic vein is 
completely encased in the tumor and shows no contrast 
enhancement (black arrow). The right hepatic vein (white 
arrow) and the portal veins (dashed arrow) are not occluded

Intrahepatic Cholangiocarcinoma
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invasion [27]. Lymph nodes around the cardiac 
portion of the stomach and along the lesser gas-
tric curvature should be examined in addition to 
nodes in the hepatoduodenal ligament in ICC of 
the left lobe [28].

Since at diffusion-weighted imaging, lymph 
nodes are hyperintense regardless of the tumoral 
status; there is no added value from this additional 

sequence. Conversely, the use of hepatobiliary 
MR contrast agents could indirectly help in iden-
tifying nodal invasion. Indeed, Kang et  al. have 
shown that the extent of relative enhancement of 
the main tumor on hepatobiliary phase images 
following Gd-EOB-DTPA administration was 
significantly higher in patients without than in 
those with lymph node metastases [21]. Finally, 

a b

       . Fig. 4.6 Metastatic lymph nodules in a 51-year-
old female with intrahepatic cholangiocarcinoma. 
Contrast-enhanced CT (portal venous phase) shows a 
heterogeneous mass located in segment 8 (arrow in 

a). Several enlarged and heterogeneous lymph nodes 
are depicted around along the liver vascular pedicle, 
around the hepatic and splenic arteries, and the celiac 
axis (arrows in b)

a

b

c

       . Fig. 4.7 Retroperitoneal metastatic lymph nodules in 
a 68-year-old male with intrahepatic cholangiocarcinoma. 
Contrast-enhanced CT (portal venous phase) shows 
numerous bilobar hypodense tumors corresponding to 

disseminated intrahepatic cholangiocarcinoma a. Multiple 
enlarged and heterogeneous lymph nodes are depicted 
in the retroperitoneum (arrows in b and c)
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63 4

the diagnostic value of FDG-PET has been shown 
to be disappointing for the detection of regional 
lymph node metastases, even though its positive 
predictive value is higher than that of CT [29]. 
Thus, the contribution of preoperative imaging to 
determine malignant lymph nodes is low.

4.3.2   Perineural Invasion

The liver is innervated by both afferent and effer-
ent autonomic nerves, which are associated with 
the portal vein, hepatic artery, and bile ducts 
within the liver hilum. The sympathetic innerva-
tion is postganglionic and originates in the celiac 
and superior mesenteric ganglia. The parasympa-
thetic nerves branch off from the vagus nerve. The 
anterior plexus originates from the left portion of 
the celiac plexus and from the right abdominal 
branch of the vagus and forms a network of nerves 
surrounding the hepatic artery. The posterior 
plexus is derived from the right portion of the 
celiac plexus and is located around the portal vein 
with occasional innervations accompanying the 
hepatic vein (. Fig. 4.8a).

Perineural invasion is a common histological 
finding in biliary malignancies. It is a local dif-
fusion mode for tumors, and it plays a critical 
role in prognosis [5]. Tumor perineural invasion 
is not correlated with patient’s age or gender and 
with the presence of distant metastases (including 

liver or abdominal cavity or peritoneum metasta-
ses). However, it is highly correlated with tumor 
volume, location, depth of invasion, angiogene-
sis, and lymph node involvement [30]. The biliary 
system lies close to both the peripheral nervous 
plexus and the coeliac plexus, and this proxim-
ity may facilitate peripheral nerve invasion by 
biliary tumors. Since the biliary system is rich of 
autonomic nerves, perineural invasion may also 
be facilitated (. Fig. 4.8b) [31]. In the past it was 
thought that tumors invaded the nerves through 
the lymphatic pathway within the nerve or peri-
neurium [30]. However, more recently it has 
been shown that not all patients presenting with 
perineural invasion have lymphatic metastasis 
[30]. By performing three-dimensional recon-
struction of extrahepatic bile duct pathological 
specimens, Maxwell et al. [32] have shown that 
tumor perineural invasion is actually a type of 
local tumor growth pattern. Indeed, the perineu-
ral interspace invasion was the fifth dependent 
metastasis pathway to be discovered (aside from 
tumor direct invasion metastasis, implantation 
metastasis, lymphatic, and blood route metasta-
sis). Farges et al. [26] have shown that in patients 
without lymph node invasion, a larger resection 
margin was associated with better survival, sug-
gesting an important role of peritumoral peri-
neural invasion.

Unfortunately there are few studies reporting 
imaging features of perineural invasion. However, 

Liver

Common hepatic artery

Anterior plexus

Posterior plexus

Portal vein

Sympathetic

Parasympathetic

       . Fig. 4.8 a Gross anatomy of the hepatic nervous 
system. The anterior plexus forms around the common 
hepatic artery, and the posterior plexus forms around the 
portal vein. These plexuses follow these structures to enter 
the liver hilum with the accompanying portal structures 

and carry afferent and efferent fibers of both sympathetic 
and parasympathetic origin. b Anatomy of the intrinsic 
sympathetic and parasympathetic nerve fibers. Sympa-
thetic and parasympathetic fibers surround the portal 
area, and sympathetic fibers course into liver sinusoids
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Raghavan et  al. demonstrated that soft-tissue 
infiltration along the celiac plexus on CT is a sign 
of perineural invasion [33]. This is surgically rel-
evant because perineural invasion adjacent to the 
main tumor or within the gastrohepatic or the 
hepatoduodenal ligaments is potentially resect-
able with negative surgical margins. Conversely, 
celiac lymph node metastases or perineural inva-
sion within the celiac plexus is generally a nega-
tive prognostic factor that contraindicates major 
hepatic resection with curative intent.

4.3.3   Distant Metastases

Extrahepatic and distant metastases of intrahepatic 
cholangiocarcinoma are rare at presentation, the 
most common sites being the lungs, peritoneum, 
and bones. At diagnosis, peritoneal carcinomato-
sis is rare, while it is more frequently observed as 
recurrence after resection. Whole- body CT and 
FDG-PET/CT are interesting complementary 
techniques to detect distant metastases. The main 
advantage of FDG-PET consists in the detection 
of otherwise unsuspected metastases, and its find-
ings change the surgical management strategy in 
up to 30% of patients [34–36]. Thus, before surgi-
cal resection, PET/CT could be performed to help 
rule out occult metastatic disease.

Baheti et al. have shown that the features of the 
main tumor on CT affect the distribution pattern 
of distant metastases [37]. The authors identified 
three tumor types: type I, solitary dominant mass; 
type II, dominant mass with satellite nodules in 
the same segment; and type III, multiple scattered 
hepatic lesions. Solitary dominant masses were 
smaller and had the lowest incidence of metastases 
at presentation (26%) and the best overall survival. 
Pulmonary metastases were more common in 
patients with multiple scattered hepatic lesions, 
and bone metastases were less common in those 
with solitary dominant masses compared to the 
other groups. Finally, the time to first metastasis 
decreased from type I to type III [37].

4.4   Conclusions

Cholangiocarcinoma is the most common pri-
mary tumor of the bile ducts. Imaging plays an 
important role in the diagnosis of intrahepatic 

tumors which typically present as focal heteroge-
neous progressively enhancing mass, frequently 
associated with capsular retraction and upstream 
biliary dilatation. Definition of parenchymal, vas-
cular, perineural, and nodal involvement as well 
as the identification of distant metastases with 
imaging is most important in order to select 
patients for curative resection. However, while 
imaging is accurate in detecting parenchymal 
invasion and vascular encasement, it has limita-
tions in the evaluation of the extent of nodal and 
perineural invasion.
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