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Background: In approximately 40% of patients with perihilar cholangiocarcinoma (PHC), the tumor is 
deemed unresectable at laparotomy, often due to vascular involvement. On imaging, occlusion, narrowing, 
wall irregularity and >180° tumor-vessel contact have been suggested to predict vascular involvement in 
patients with PHC. The objective of this study was to correlate computed tomography (CT) findings in 
PHC with surgical and histopathological results, in order to evaluate the accuracy of currently used CT 
criteria for vascular involvement.
Methods: Patients with PHC undergoing exploration in a single tertiary center (2015–2018) were included. 
Tumor-vessel relation of portal vein and hepatic artery on CT were scored by two independent radiologists, 
blinded for surgical and pathological outcomes. Intraoperative findings were scored by the surgeon in theatre 
or derived from operation/pathology reports.
Results: A total of 42 CT scans were evaluated, resulting in assessment of 115 vessels. Portal vein 
occlusion, narrowing and presence of an irregular wall on CT corresponded with a positive predictive value 
(PPV) for involvement of 100%, 83% and 75%, respectively. For the hepatic artery, PPV of occlusion 
and stenosis was 100%, whilst other criteria had PPV <70%. Combining potential criteria (>180° contact, 
narrowing, irregularity or occlusion) resulted in PPV, sensitivity and specificity of 85%, 67% and 94%, 
respectively, for the portal vein and 53%, 40% and 75%, respectively, for the hepatic artery. 
Conclusions: Prediction of vascular involvement on CT is more difficult for the hepatic artery than for 
the portal vein. Suggestion of hepatic artery invasion on imaging, other than occlusion or stenosis, should 
not preclude surgical exploration. 
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Introduction 

Perihilar cholangiocarcinoma (PHC) is a relatively rare 
disease with an annual incidence of 200 patients in the 
Netherlands (1). Radical surgery is the only potentially 
curative treatment, often consisting of resection of the 
extrahepatic bile duct and hemihepatectomy (2). To date, 
no accurate widely implemented staging system exists to 
assess resectability (3-5). In daily practice, resectability is 
determined in a multidisciplinary meeting. Preoperative 
imaging to define the extent of the biliary tumor is 
preferably performed before biliary drainage and often 
includes a combination of computed tomography (CT) and 
magnetic resonance imaging or cholangiography (MRI/
MRCP). 

For assessment of resectability multiphase contrast-
enhanced CT (CECT) is regarded to be superior compared 
to MRI to demonstrate the relationship of the tumor to 
vascular structures (6). A systematic review with meta-
analysis from our group showed a pooled sensitivity of 
CECT for portal vein and hepatic artery involvement of 
89% and 84%, respectively (7). In literature, suggested CT 
criteria for vascular involvement are occlusion, stenosis or 
contour deformity and more than50% contact with the 
tumor (6,8).

Currently, approximately 40% of patients with potentially 
resectable PHC on imaging are deemed unresectable at 
explorative laparotomy. The most important reason for 
unresectability at exploration is extensive portal venous 
and/or hepatic arterial vascular involvement, as assessed 
intraoperatively by the surgeon and often confirmed by 
frozen section. It is clear that vascular involvement and 
consequent unresectability are still largely underestimated 
by imaging preoperatively (9,10). This not only leads to 
unnecessary surgery, with subsequent lower patient quality 
of life and high costs, but also has major implications for 
treatment strategies in PHC patients. Accurate assessment 
of resectability on imaging is the cornerstone of selecting 
the right patient for the right treatment. 

Therefore, the aim of this study was to correlate CT 
findings in PHC with surgical and histopathological results, 
in order to evaluate the accuracy of currently used criteria 
for vascular involvement on preoperative CECT imaging. 

Methods

All patients who underwent surgical exploration under the 
suspicion of PHC between March 2015 and April 2018 at 

one tertiary center were included in this study. 
The study was conducted in accordance with the 

Declaration of Helsinki (as revised in 2013). The study was 
approved by institutional ethics board of the Amsterdam 
UMC, location AMC (W14_328) and individual consent 
for this retrospective analysis was waived.

Standard work-up of patients with PHC at our institution 
has previously been described in detail (11), and includes a 
preoperative staging CT scan. In our institution, concomitant 
resection of the portal vein bifurcation is only performed 
when the portal vein is involved. Standard CT protocol 
included a dynamic contrast-enhanced CT scan with arterial 
and venous phase. Three scanners were used, with the 
following specifications: Siemens Force CT scanner, AS+, 
Sensation (multi-slice 64, 122, 192), collimation 0.6 mm, 
reconstruction 2 and 3 mm, late arterial phase (with bolus 
timing peak + 30 s) and portal venous phase (70 s fixed), 
Ultravist 100–130 mL (3.5 mL/s). Coronal and sagittal 
reconstructions were performed and maximum intensity 
projections (MIP) were not used. The most recent CT scan 
prior to surgery (all within 6 weeks) was independently 
assessed by two dedicated radiologists, who were blinded for 
clinical information, other imaging and outcome. 

Vascular contact of the hepatic artery and portal vein 
was evaluated, including their main trunk and right and left 
branches. The relation between the tumor and the vessel 
was assessed by scoring circumference of involvement, 
length of contact and the presence of irregular wall, stenosis 
and occlusion. For the portal vein the circumferential 
involvement was assessed as <90°, 90°–180°, 180°–270°, 
>270°. For the hepatic artery the circumferential 
involvement was assessed as the presence of tumor on 
one or two sides of hepatic artery (<180° or >180°), since 
scoring the precise circumferential involvement is difficult 
for (small) arteries. The length of contact was scored as less 
than 10 mm, 10–20 mm or more than 20 mm. Discrepancies 
were resolved by a consensus meeting and recorded as a 
third assessment. In case both radiologists individually 
evaluated a scan not assessable due to bad quality of the 
scan or substantial artifacts—especially present when portal 
vein embolization material was in situ—these patients were 
excluded. Severity of artefacts differed between patients; 
therefore not all patients undergoing PVE were excluded.

Radiological findings were compared to intraoperative 
findings. Intraoperative findings were obtained from the 
operation report or scored by the surgeon in theatre. 
Vascular involvement was defined as infiltration of the vessel 
by the tumor, not separable by the surgeon at dissection 
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and often confirmed by frozen-section biopsy. Tumor-
vessel contact was defined as tumor making contact with 
the vessel, but easily separable from the tumor. Vascular 
involvement was assessed intraoperatively by the surgeon, 
since this assessment determines resectability. However, 
pathological findings were also obtained from the pathology 
report, including intraoperative frozen-sections and, in case 
of resection, histopathological evaluation of the surgical 
specimen. Assessment of resection planes of the hepatic 
artery and portal vein were used to confirm surgical findings. 

Statistical analysis

Statistical analysis was performed using SPSS version 25 
software (IBM, Armonk, New York, USA). Descriptive 
statistics were used to describe the data. Variables that 
followed a normal distribution were described by mean 
and standard deviation, whilst variables that did not 
follow normal distribution were described by median 
with interquartile range. Negative and positive predicting 
values, sensitivity and specificity for vascular involvement 
were calculated for separate and combined criteria. For 
prediction of involvement, intraoperative tumor-vessel 
contact that could be easily separated by the surgeon was 
scored as an uninvolved vessel (since this did not preclude 
resection). The interobserver variability was assessed by 
calculating Cohen’s kappa. 

Results

A total of 68 patients underwent explorative laparotomy for 

suspicion of PHC, of which 14 patients (20%) ultimately 
had a different diagnosis at final pathological examination. 
Of the remaining 54 pathologically proven PHC-patients, 
preoperative CT scans of 42 patients were evaluated. Twelve 
patients were excluded from analysis, with severe artefacts 
from portal vein embolization material as the most frequent 
reason for exclusion (as shown in Figure 1). There were 20 
males and 22 females and the mean age was 68±7 years.  
The distribution of patients with Bismuth-Corlette (based 
on surgical findings) type II, IIIa, IIIb, IV was 3, 20, 5 and 
14 patients, respectively. The median time between CT 
scan and operation was 20 days. Out of 42 patients, there 
were 28 patients with biliary stents in situ (including 9 
percutaneous, 11 endoscopic, 7 percutaneous + endoscopic 
and 1 wall stent) and 14 patients without biliary drainage 
with stents prior to the assessed CT scan. 

Unresectability

Out of 54 patients with pathologically proven PHC, 
there were 17 patients with unresectable tumors (32%) at 
explorative laparotomy (Figure 1). Three of these patients 
were excluded due to the lack of vascular exploration (n=2) 
or because there was only a MRI scan available (n=1). 
Reasons for unresectability in these three patients were 
liver metastases (n=1) and lymph node metastases (n=2). 
Reasons for unresectability for the remaining 14 patients 
with unresectable disease included in the study were liver 
metastases (n=2), lymph node metastases (n=2), lymph node 
metastases/peritoneal metastases combined with vascular 
involvement (n=3) and/or vascular involvement (n=7). Table 1  

Figure 1 Flowchart of all included patients. PHC, perihilar cholangiocarcinoma; PVE, portal vein embolization; MRI, magnetic resonance 
imaging.

Exploration for PHC, n=68
(March 2015-April 2018) 

Unresectable
n=17 (31.5%)

Resected 
n=37 (68.5%) 

Exclusion (n=3)
Only MRI available (n=1)
No vascular exploration (n=2)

Included (n=42)
14 unresectable / 28 resected

Exclusion (n=9)
Due to PVE not assessable (n=8)
Other (n=1)

Exclusion (n=14)
Other definitive diagnosis

54
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shows radiological findings of patients with unresectable 
tumors based on vascular involvement.

Intraoperative findings

Radiological findings of 42 patients with pathologically 
proven PHC (14 unresectable, 28 resected) were correlated 
to intraoperative findings. As in each patients the left and 
right hepatic artery and portal vein were assessed, there 
were a total of 168 vessels to evaluate. After exclusion 
of the vessels that were deemed not assessable (n=53), 
intraoperative findings of 115 vessels could be correlated 
with preoperative imaging; 63 hepatic arteries and 52 
portal veins. Of these vessels, there were 36 of 115 (31%) 
vessels involved at intraoperative assessment: 20 hepatic 
arteries and 16 portal veins. There were 79 vessels that were 
not involved at intraoperative evaluation: at radiological 
consensus 47 (59%) of these vessels were assessed as no 
contact, whilst 32 (41%) of these vessels were scored as 
tumor-vessel contact. Figure 2 shows an example of false 
positive assessment of right hepatic artery involvement on 
CT. Out of 36 vessels that were involved at intraoperative 

evaluation, there were two vessels (6%) scored as no tumor-
vessel contact by the radiologists. 

CT-criteria

Table 2 shows the negative predictive value (NPV) and 
positive predictive value (PPV) of separate and combined 
CT criteria. Occlusion of portal vein on imaging had 
a PPV of 100%, however it was found in only 5 of 16 
involved portal veins and therefore has a low sensitivity 
(31%). Likewise, the PPV for occlusion of the hepatic 
artery was 100%, however present in only 3 of 20 involved 
hepatic arteries (15%). NPV of no tumor-vessel contact 
for the hepatic artery and portal vein were 100% and 94%, 
respectively. A total of 13 portal veins and 15 hepatic arteries 
met the criteria suggested in literature (e.g., presence of 
tumor-vessel contact >180° or irregular wall or narrowing 
or occlusion). Combination of these criteria resulted in a 
PPV of 85% for the portal vein, with sensitivity of 67% and 
specificity of 94%. For the hepatic artery these combined 
criteria resulted in a PPV of 53%, sensitivity of 40% and 
specificity of 86%.

Table 1 Radiological findings of patients with unresectable PHC based on vascular involvement 

Tumor characteristic and vascular involvement precluding resection CT findings 

1 Bismuth-Corlette type IV, PVE right portal vein, LHA involvement LHA no contact with the tumor

2 Bismuth-Corlette type IIIa, LPV involvement  
(distal precluding reconstruction)

LPV contact 90–180°, 10–20 mm,  
no irregularity/stenosis/occlusion

3 Bismuth-Corlette type IIIb, LHA and RHA involvement  
(RHA frozen section positive)

RHA >180°, >20 mm, irregular wall, stenosis.  
LHA no contact

4 Bismuth-Corlette type IV, LPV and RPV  
(RPV frozen section positive)

RPV >270°, 10–20 mm, irregular wall, stenosis. LPV <90°, 
10–20 mm, no irregularity/stenosis/occlusion

5 Bismuth-Corlette type IV, occluded LPV, involvement RHA RHA <180°, 10–20 mm,  
no irregularity/stenosis/occlusion. LPV occlusion

6 Bismuth-Corlette type IIIb, LHA and RHA involvement,  
RPV involvement

RHA + LHA both >180°, 10–20 mm,  
no irregularity/stenosis/occlusion.  
RPV 90–180º, <10 mm, no irregularity/stenosis/occlusion

7 Bismuth-Corlette type IIIb/IV, positive N2 lymph node,  
RHA involvement

RHA contact <180°, 10–20 mm,  
no irregularity/stenosis/occlusion

8 Bismuth-Corlette type IIIa–IV, suspicion peritoneal metastases,  
RHA involvement

RHA contact >180°, 10–20 mm,  
no irregularity/stenosis/occlusion

9 Bismuth-Corlette type IIIa, positive N2 lymph node,  
involvement segment 4 branch RHA

RHA contact <180°, 10–20 mm,  
no irregularity/stenosis/occlusion

10 Bismuth-Corlette type IIIa, inferior vena cava involvement Inferior vena cava not scored

CT, computed tomography; PVE, portal vein embolization; LHA, left hepatic artery; RHA, right hepatic artery; LPV, left portal vein; RPV, 
right portal vein.
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Interobserver agreement

A consensus meeting was necessary for 40 out 42 scans. 
Overall, Cohens kappa for presence or absence of contact 
with the vessel was 0.265 (SE 0.062). If both radiologists 
scored tumor-vessel contact (n=47), Cohen’s kappa for 
circumference of contact (<180°, >180°), length of contact 
(<10, 10-20, >20 mm) and the presence or absence of 
irregular wall were 0.640 (SE 0.121), 0.374 (SE 0.122) and 
0.115 (SE 0.125), respectively. For the presence of stenosis 
or occlusion, the Cohens kappa was 0.601 (SE 0.111) and 
0.887 (SE 0.110), respectively.

Discussion

In this study, vascular involvement of PHC was investigated 
by correlating findings of two independent radiologists, 
who were blinded for surgical and pathological outcomes, 
with intraoperative findings. CT scans of 42 PHC-patients 
undergoing exploration were included and 115 vessels were 
evaluated. The PPVs of an occluded, narrowed or irregular 
portal vein were 100%, 83% and 75%, respectively. If no 
tumor-vessel contact of portal vein was noted on the CT 
scan, this correlated with no involvement at intraoperative 
assessment (NPV of 100%). For the hepatic artery, 
occlusion or stenosis of the vessel on imaging also resulted 

in a PPV of 100%. Interestingly, other criteria, especially 
for the hepatic artery, seemed of limited value in predicting 
vascular involvement. Due to the smaller diameter and the 
winding course of the hepatic artery, assessment may be 
more difficult compared to the portal vein.  

In literature, there are several studies focusing on 
prediction of vascular involvement in PHC on imaging. In a 
study published by Lee et al. in 2006 (8), with a study design 
comparable to ours, a PPV for portal vein involvement on 
CT of 91% was found. In this study, vascular involvement 
on transverse imaging was defined as either tumor-vessel 
contact more than 180° or irregular wall or narrowing 
or occlusion of the vessel. Application of these combined 
CT criteria in the present study resulted in a PPV for the 
portal vein of 84%. For the hepatic artery, however, Lee 
et al. (8) reported a PPV of 95%, whilst in our study the 
PPV for the hepatic artery was 53%. A factor that could 
have contributed to this difference may be the selection of 
patients for explorative laparotomy. One could imagine that 
assessment of extensive vascular involvement is relatively 
easier than the assessment of limited vascular involvement. 
In the study by Lee et al. (8), tumors were deemed 
unresectable in 32 out of 55 patients (58%), compared to 17 
tumors in 54 patients (32%) in the present study (8). 

In 2018, Zhou et al. (12) investigated several CT criteria 
to assess portal vein involvement in PHC. Their proposed 

Figure 2 Arterial phase CT scan: false positive right hepatic artery (RHA) involvement. 72-year-old patient with Klatskin type 3A tumor. 
The RHA was judged as being involved >180 degrees (tumor on both sides of the artery). Although assessed as tumor on both sides of 
the right hepatic artery (>180°) on CT, during surgical exploration the right hepatic artery was closely related to the tumor, but was easily 
separable, and a left hemihepatectomy was performed. Green arrow: regarded as tumor, partially obscured by artefacts caused by the biliary 
stent. Red arrow: right hepatic artery. Blue arrow: Biliary stent in the right anterior and posterior bile ducts. Orange arrow: small lymph 
node on the left posterior side of the artery.

A B C
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new model included more than180 degrees of contact and 
showed a PPV of 92%. Interestingly, the interobserver 
agreement was high with kappa’s between 0.870 and 0.957. 
Results of both previously mentioned studies suggest that 
length of tumor-vessel contact of the portal vein should also 
be incorporated in assessment of portal vein involvement. 
In the first study, revised criteria include a cut-off of 2 cm (8),  
whilst the second study by Zhou et al. suggests a cut-off of 
7.29 mm for portal vein involvement (12). In the present 

study, more than 2 cm tumor-vessel contact of the portal 
vein resulted in relatively low PPV of 50% and was not 
incorporated in the combined criteria. 

Another study assessing resectability of PHC, showed a 
PPV of portal vein and hepatic artery involvement on CT 
in 31 patients of 90% and 94%, respectively (13). Vascular 
involvement was also defined as more than 180 degrees of 
contact, occlusion, stenosis or contour deformity. The mean 
interval between CT and surgery was 10.6 days, compared to 

Table 2 CT findings correlated with intraoperative findings. Separate and combined CT criteria with negative predictive value (NPV) and  
positive predictive value (PPV)

Intraoperative  
vascular invasion

Intraoperative no  
vascular invasion

NPV PPV

Portal vein (PV) on imaging*

No tumor-vessel contact PV 0 16 1

PV contact <90º 1 9 0.9

PV contact 90–180º 6 10 0.38

PV contact 180–270º 2 1 0.67

PV contact >270º 2 0 1

PV <10 mm 2 3 0.6

PV 10–20 mm 6 14 0.3

PV >20 mm 3 3 0.5

PV irregular wall 6 2 0.75

PV narrowing 5 1 0.83

PV occlusion 5 0 1

Combined (PV contact >180º or irregular or narrowed or occluded) 11 2 0.85

Hepatic artery (HA) on imaging**

No tumor-vessel contact HA 2 31 0.94

HA contact one side 11 4 0.27 0.73

HA contact two sides 7 7 0.5

HA <10 mm 2 3 0.6

HA 10–20 mm 10 6 0.63

HA > 20 mm 4 2 0.67

HA irregular wall 3 2 0.6

HA stenosis 1 0 1

HA occlusion 3 0 1

Combined (HA contact >180º or irregular or narrowed or occluded) 8 7 0.53

As some items were scored as ‘not assessable’, some items do not add up to the total amount of vessels. *, intraoperative vascular  
invasion (n=16), intraoperative no vascular invasion (n=36). **, intraoperative vascular invasion (n=20), intraoperative no vascular invasion 
(n=43). PV, portal vein; HA, hepatic artery.
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a mean interval of 26 days in the present study. Disagreements 
between two radiologists were resolved by consulting a senior 
hepatobiliary surgeon, which may have influenced results. 
Evaluation of technical specifications of different studies, 
revealed no explanation for the observed differences (8,12,13).

Unfortunately, vascular involvement can only be 
evaluated in patients undergoing exploration. The inability 
to evaluate vessels in initially unresectable patients is 
one of the major limitations of this study. Even for 
patients undergoing resection, the assessment of vascular 
involvement remains challenging for pathologists (14,15). 
As shown in literature, assessment of all relevant resection 
planes in PHC is often incomplete and the hepatic 
artery resection plane is most often lacking. Pathological 
parameters that are not described are often regarded as 
absent rather than as missing (14,15). 

Complete pathological assessment of the relevant vessel is 
not always possible, since the surgical specimen is laminated 
following the biliary tree. As a consequence, the nature of 
the vessels seen in the pathology specimen (main hilar vessels 
or subsequent arterial and venous branches) is not always 
clear and the correlation between imaging and pathological 
assessment may be very difficult. Additionally, it remains 
unclear which layer (if infiltrated) of the vascular wall 
(adventitia, media and endothelium) defines relevant vascular 
involvement. In previous studies correlating pathological 
findings to CT images, these difficulties in pathological 
assessment may also have affected results (8,12,13).

Other limitations involve the retrospective evaluation 
of the majority of patients in this study, the lack of an 
optimal arterial reconstruction in some patients and the 
small sample size. Also, in this study the most recent CT 
scan prior to surgery was evaluated without access to other 
imaging modalities such as MRCP or previous scans, 
which could have influenced evaluation by the radiologists. 
Infiltration after interventions such as stenting and portal 
vein embolization could also influence assessment of 
vascular invasion (Figure S1). However, blinded evaluation 
by two independent radiologists of a single CT scan limited 
the risk of bias and is one of the strengths of this study. 
Additionally, we evaluated all consecutive patients explored 
in one institution in a recent period, making results 
translatable to current daily practice.

Although these results should be interpreted with 
caution considering limitations of this study, the observed 
discrepancies between imaging and intraoperative findings 
have major impact on clinical decision making and treatment 
strategies (16). If, for example, prediction of involvement 

only seems reliable in case of encasement or occlusion of 
the hepatic artery, other criteria (such as more than 180 
degrees or a certain length of contact) should not preclude 
exploration. If assessment on imaging is indeed unreliable, 
explorative laparotomy might be necessary to prove ‘locally 
advanced disease’. This would not only lead to more 
unnecessary explorations, but specifically for PHC patients 
with locally advanced tumors would also eliminate the 
possibility of liver transplantation, since surgical exploration 
of the hepatoduodenal ligament is a contraindication in 
the (Dutch) liver transplantation protocol (17). On the 
other hand, patients (falsely) deemed unresectable based on 
imaging, could potentially have been denied an explorative 
laparotomy. The lack of resectability criteria also hampers the 
design of clinical trials. For example, studies on neoadjuvant 
or induction chemotherapy require solid resection criteria 
to determine a subgroup of patients with ‘locally advanced 
disease’ that may benefit from this treatment.

In conclusion, the assessment of vascular involvement of 
PHC on CT remains challenging. An occluded, irregular 
or narrowed portal vein is highly suggestive for venous 
invasion. CT criteria for hepatic artery involvement, other 
than stenosis or occlusion, are less reliable and therefore 
may not preclude exploration in patients with PHC.
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Figure S1 Portovenous phase of a CT scan prior to the CT scan in Figure 2, before stent insertion. Green arrow; regarded as tumor, better 
lineation of both artery and tumor. This CT scan was not available to readers, as they only assessed the most recent CT scan prior to 
surgery. 
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