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Abstract
Radical tumor resection (pR0) is prognostic for disease-free and overall survival after resection of perihilar cholangio-
carcinoma (pCCA). However, no universal agreement exists on the definition of radical resection and histopathological 
reporting. The aim of this study was to provide a standardized protocol for histopathological assessment and reporting of 
the surgical specimen obtained after resection for pCCA. All consecutive patients operated for pCCA with curative intent at 
the Karolinska University Hospital, Stockholm, Sweden between 2012 and 2021 were included. A standardized protocol for 
histopathological assessment and reporting of the surgical specimen after liver resection for pCCA is presented. A detailed 
mapping of the transection margins and dissection planes was performed. The results of applying different existing pR0 
definitions were compared. Sixty-eight patients with pCCA were included. Five transection margins and two dissection 
planes were defined. By defining pR0 as cancer-free margins and planes tolerating distances <1mm, the pR0 rate was 66%. 
However, when pR0 was set as >1mm from invasive cancer to all resection margins and dissection planes, the pR0 rate fell 
to 16%. This study supports the use of thorough and standardized pathological handling, assessment and reporting of resec-
tion margins and dissection planes of surgical specimens of pCCA.
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Introduction

Perihilar cholangiocarcinoma (pCCA) arises from the bil-
iary epithelium of the hepatic hilum and even when treated 
with curative intent is generally associated with poor out-
comes [1–3]. Curative surgery has become more aggressive 
and commonly involves a major hepatectomy, resection of 
the extrahepatic bile ducts and a complete hepatoduodenal 
ligament lymphadenectomy and vascular resection uncon-
ditionally or ‘on demand’[4]. Radical tumor resection (pR0 

resection) has proven prognostic for disease-free and overall 
survival [5, 6]. However, there is no universal consensus on 
which resection margins should be included in the patho-
logical examination of the surgical specimen to determine 
and report on the final status of the resection margin (pR0/
pR1) [7, 8]. Resection margins include both ‘transection 
margins’ where structures are divided or transected and 
‘dissection planes’ where structures are surgically freed or 
dissected from their surrounding anatomy. Bile duct margins 
are an example of ‘longitudinal’ transection margins and the 
‘radial’ or ‘circumferential’ margin in the hepatoduodenal 
ligament, that of a dissection plane. These parameters have 
been described varyingly by different centers with bile duct 
margins being the most commonly reported in the literature 
[5, 8–10].

In addition, there is no universal agreement on the defi-
nition of what constitutes a ‘pR0’ resection in pCCA and 
how wide the tumor-free margin should be [11]. Differing 
definitions have been described with 1 mm as the usual cut-
off value for a tumor-free margin [7, 11]. The International 
Collaboration on Cancer Reporting (ICCR) published a 
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consensus guideline for pathology reporting in cholangio-
carcinoma and defined pR0 as tumor-free margin of ≥ 1 mm 
[12, 13].

As the concept of pR0 resection carries profound prog-
nostic value, it is of importance to have a common universal 
definition of ‘pR0’ when comparing results from different 
institutions and when designing studies factoring in the sur-
gical treatment of pCCA. The aim of this study was to pro-
vide a systematic and standardized protocol for orientation, 
inking, sampling, histopathological assessment and report-
ing of the surgical specimen obtained after liver resection for 
pCCA. A detailed mapping of the transection margins and 
dissection planes was performed. Based on this investigation 
on the surgical specimens from a single center, the results 
of applying different existing R0 definitions are compared.

Patients and methods

Patients

All consecutive patients operated for pCCA with a major 
liver resection (≥3 Couinaud’s segments) with curative 
intent at the Karolinska University Hospital, Stockholm, 
Sweden between 2012 and 2021 were included in the study. 
pCCA was defined as a tumor originating above the junc-
tion of the cystic duct with the common hepatic duct and 
up to and including the second-order biliary branches [13]. 
All patients were discussed at a multidisciplinary team con-
ference before scheduled for surgical treatment. The study 
protocol was approved by the regional ethical committee in 
Stockholm, Sweden in accordance with the guidelines of the 
Helsinki Declaration (2015/259-31/2).

Surgical procedure

In case of jaundice, patients underwent biliary decompres-
sion, preferably via the endoscopic route, but the percutane-
ous approach was used when deemed appropriate. The type 
of liver resection was decided based upon the preoperative 
morphological and functional assessment. If the calculated 
future liver remnant was <30% of the total liver volume, 
portal vein embolization was performed, including the por-
tal branches of segment 4 in case of a planned right trisec-
tionectomy. The operation was performed via a right-sided 
subcostal incision. The aortocaval (station 16b) and hepatic 
artery lymph nodes (station 8a) were sampled. The retro-
pancreatic lymph nodes (station 13) were sampled at the 
discretion of the operating surgeon. If the liver artery to the 
future liver remnant was found free from tumor invasion, the 
distal bile duct was cut just cranial to the pancreas, and the 
transection margin sent for frozen section analysis. In case 
of cancer-positive margin, a combined pancreatic resection 

was considered. The transected bile duct was then reflected 
cranially skeletonizing the portal vein by including all the 
periductal soft tissue and lymph nodes ‘en bloc’ with the 
surgical specimen. The portal vein and artery to the hemi-
liver to be resected were divided at their origin. In case of 
intraoperative suspicion of tumor engagement of the portal 
vein, portal vein resection was performed as a final meas-
ure. Liver parenchymal transection was performed using the 
Cavitron Ultrasonic Surgical Aspirator (CUSA). In general, 
the caudate lobe of the liver (segment 1) was included in the 
resection. Marking of the different margins was not system-
atically performed by the operating surgeon.

Pathology procedure

The resected specimen was sent fresh on ice to the pathol-
ogy laboratory where all examinations and processing were 
carried out by a specialized hepatobiliary pathologist. The 
specimen was oriented in the craniocaudal and mediolateral 
aspects and photographed on its anterior and posterior sur-
faces as well as the hilar region (Fig. 1A).

The different surfaces, transection margins and dissection 
planes were identified and inked following a standardized 
color scheme (Figure 1B,C). The visceral peritoneum (in 
blue) is recognized by its smooth, glistening surface cover-
ing the liver and the ventral aspect of the hepatoduodenal 
ligament. The hilar dissection plane (in green) is a concave 
or cuneiform region of smooth, matte surface containing 
the stumps and transection margins of the proximal hepatic 
bile duct and the portal vein; it is limited by the visceral 
peritoneum, the hepatic transection margin and the insertion 
of the soft tissue sheath of the hepatoduodenal ligament. 
The hepatoduodenal ligament dissection plane (in yellow) 
has a mostly smooth, matte surface with a quality of soft 
tissue fascia although, especially in its lateral and caudal 
ends, may present coarser areas of transected fat tissue; this 
plane defines the posterior, retroperitoneal surface of the 
soft tissue sheath that embeds the common bile duct and 
is limited proximally by the hilar dissection plane, which 
is devoid of fat tissue, and distally by periductal soft tissue 
around the transection margin of the common bile duct. The 
proximal and distal bile duct transection margins (of the 
hepatic bile duct and the common bile duct respectively) are 
found in the hilar region and the distal end of the soft tissue 
sheath of the hepatoduodenal ligament, respectively. Probing 
the bile duct was discouraged, as it may damage or detach 
an eventual intraductal tumor component. The transection 
margin of the portal vein is located in the hilar region, close 
to the entrance of the vessel into the resected liver and was 
identified most often by the presence of metal staples. The 
transection margin of the hepatic artery is usually identified 
more distally, embedded in the soft tissue of the hepatodu-
odenal ligament and ligated by suture-ligature close to its 
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end. The hepatic parenchymal transection margin was inked 
in black. In addition, all other non-peritonealized surfaces, 
which also constitute circumferential resection margins, like 
the transection margin in the teres ligament and the retrop-
eritoneal dissection planes in the coronary ligament and the 
left triangular ligament, as well as resected planes of adher-
ence in the visceral peritoneum, for example with portions 
of the omentum, were also inked (in orange).

After inking, the resection margins were covered with 
absorbent paper and sprayed with acetic acid to fixate the 
stains and avoid blending of the colors. Afterwards, paral-
lel axial cuts were performed every 1.5 cm along the ante-
rior surface of the liver without cutting it completely, and 
a double sheet of absorbent paper was placed in each fold, 
to improve the penetration and fixation of the tissue by the 

formalin. The specimen was then wrapped in gauze to make 
a bundle and tied with safety pins to prevent tissue defor-
mation and preserve the original anatomical configuration. 
Finally, the specimen was rested in formalin for at least 96 
h to allow an adequate tissue fixation.

After fixation, ‘grossing’ of the specimen was per-
formed according to a standardized protocol. Firstly, the 
intact inked specimen was photographed, the dimensions 
of the resected anatomical structures measured and the 
total weight recorded. The hepatic artery transection 
margin was first sampled followed by the distal bile duct 
transection margin. Then, the soft tissue sheath of the 
hepatoduodenal ligament containing the embedded com-
mon bile duct was cut loose from the specimen close to 
its proximal insertion near the hilar plane and cut serially 

Fig. 1  Macroscopic assessment of surgical specimen for pCCC. 
A  Fresh view of the surgical resection specimen immediately after 
the operation. B Formalin-fixed specimen after inking of the different 
resection margins: hilar—green, hepatoduodenal ligament—yellow, 
hepatic parenchyma—black, coronal ligament—orange. The peri-
toneal surface (not a resection margin) is inked in blue. C Close-up 
view of the hilar region showing the stumps and resection margins of 

the proximal bile duct and the portal vein. A–C Green arrows indi-
cate portal vein and blue arrows bile duct stumps-resection margins, 
respectively. D Photographic overview after serial slicing of the for-
malin-fixed specimen along the common bile duct and hepatoduode-
nal ligament (yellow inked) and the liver at the hilar region. A pCCC 
is seen as a solid mass (red arrows) extending between the bile duct 
and the adjacent liver, which is invaded
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in transverse sections from the distal end into 3-mm-
thick tissue slices. Next, the proximal bile duct transec-
tion margin and the portal vein transection margin were 
identified in the hilar region and sampled. Finally, the 
liver, including the gallbladder when present, was sliced 
serially in the axial plane starting from the hilar region 
into 3–4-mm-thick slices. The tissue slices and sampled 
transection margins were subsequently laid in order and 
oriented in a tray and photographed, both in overview 
and detail (Fig. 1D). The overview picture was printed 
out for subsequent topographical documentation of tissue 
sampling for histology.

After tissue processing for histology, the pathologist 
examined the slides under the microscope, keeping track 
of their anatomical location in the photographic over-
view, and reported the cancer according to a standard-
ized structured pathology protocol consistent with the 
guidelines published by the International Collaboration 
on Cancer Reporting (ICCR) [13]. This included a pre-
cise identification of tumor origin according to AJCC 
 8th edition, a detailed mapping of tumor extension into 
neighboring structures, a comprehensive assessment of 
the different resection margins, pathways of tumor prop-
agation (lymphovascular, perineural), status of the vis-
ceral peritoneum, lymph nodes and immunohistochemical 
investigations.

The resection margins were assessed and reported 
according to a specified criteria and scheme. Positive 
resection margins were defined as: presence of tumor 
cells in the histological section of the following transec-
tion margins: proximal bile duct, distal bile duct, portal 
vein and hepatic artery; or presence of tumor within a dis-
tance of less than 1 mm to any of the following margins: 
hilar and hepatoduodenal ligament dissection planes and 
hepatic parenchymal transection margin. Otherwise, as 
a minimum, the distance to closest margin was reported. 
Recommendation was in any case made to systematically 
report the minimal distance (in mm) to all margins, with 
exception of the vascular ones (hepatic artery and portal 
vein). Five transection margins and two dissection planes 
were reported. Examples of positive hilar and hepatoduo-
denal ligament dissection planes are shown in Fig. 2A,B, 
respectively.

The global margin status was finally regarded as pR1 
if any resection margin was positive according to the cri-
teria above; or as pR0 when all were negative for tumor.

Summary statistics were presented as whole numbers 
and percentages for categorical variables, or as medi-
ans with interquartile range for continuous variables. 
Kaplan–Meier analysis was used to estimate survival from 
the time of operation, and the log rank test was used for 
testing equality of survival functions between groups.

Results

In total, 68 patients with pCCA were included in the study. 
Patient characteristics and procedure-related data are 
shown in Table 1 including perioperative variables, tumor 
classification according to Bismuth-Corlette and surgical 
procedure details. Table 2 shows the minimal distance 
from invasive cancer to the different resection margins. 
Only one patient had a positive hepatic artery margin in 
the cohort. For the 17 patients subjected to portal vein 
resection and anastomosis in the liver hilum, 3 patients had 
cancer present in the dissection planes at the liver hilum, 
11 patients had <1mm margin to invasive cancer, while 3 
patients had a margin of >1mm. By defining pR0 as abso-
lute cancer-free margins tolerating distances <1mm, the 
pR0 rate was 66%. However, when pR0 was set as >1mm 
from invasive cancer to all resection margins, the pR0 rate 
fell to 16%.

Median follow-up time after surgery was 62 (28–82) 
months. Overall survival of patients from the time of 
operation, excluding six patients (9%) who died within 
90 days postoperatively, was 31 (CI95% 16–46) months, 
with a 5-year survival of 32%. Recurrence free survival 
was 22 (CI95% 15–29) months. No significant impact on 
the chosen definition of R0 (>0 mm or >1 mm to cancer-
involved resection margin or dissection plane) was found 
neither for overall (P=0.472, P=0.705, respectively) or 
recurrence free survival (P=0.314, P=0.155, respectively).

Discussion

In the present study, a standardized protocol for pathologi-
cal assessment of the surgical specimen after resection of 
pCCA is introduced. Five transection margins and two dis-
section planes are used to evaluate surgical radicality of 
the specimen in the pathological examination of resected 
pCCA and take into consideration the surgical procedure 
performed for pCCA as the conceptual basis for their use 
in reporting.

A hilar dissection plane ventral to the portal bifurca-
tion is defined, which corresponds largely to the circum-
ferential margin at the level of the Glissonian pedicle, 
that is, around the hepatic duct close to the (right-left) 
confluence region and containing the resection margin 
or stump of the portal vein. It is grossly identified by its 
proximal location at the hepatic hilum and a smooth sur-
face devoid of the periductal fat, which is present more 
distally along the hepatoduodenal ligament. These fea-
tures make the hilar dissection plane analogous to the 
superior mesenteric groove dissection plane as found in 
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pancreaticoduodenectomy specimens. Following the bile 
duct distally, a sheath of periductal fat belonging to the 
hepatoduodenal ligament is evident. It is layered anteri-
orly by the visceral peritoneal, while its dorsal dissection 
plane, which is just ventral to the main portal vein and the 
hepatic artery, corresponds to the dissection plane in the 
hepatoduodenal ligament. These features make it compa-
rable to the posterior retroperitoneal dissection plane in 
pancreatoduodenectomy specimens. These two dissection 
planes have recently been included in the definition of cir-
cumferential or radial margins after resection of pCCA in 
a study by Shinohara et al. [5]. The radial or circumferen-
tial margins described in the literature correspond to the 
hilar dissection plane and the dissection plane in the hepa-
toduodenal ligament as presented in our study. Further 
subdividing the radial margin into two distinct anatomic 
regions as introduced here could carry prognostic informa-
tion. Little importance has previously been given to the 

radial margin in studies on perihilar cholangiocarcinoma. 
Shinohara et al. showed that the radial margin was the 
margin most frequently involved by cancer after resection 
of pCCA, amounting to 11% of a total of 18% with margin 
positivity in the cohort [5]. In addition, a cancer-positive 
radial margin was shown to have a negative effect on sur-
vival. Information on radial margin has frequently been 
missing in pathology reports, as illustrated in the study by 
Chatelain et al. [9]. In the present study, a cancer-positive 
hilar dissection plane of 12% and a cancer-positive hepa-
toduodenal ligament dissection plane of 6% were found. 
The diverging rates of margin involvement may well reflect 
a locally advanced tumor in the hilar region and further 
spread along the hepatoduodenal ligament, which com-
monly occurs with perineural tumor growth and intravas-
cular spread [14].

It could be argued that a lower rate of margin positivity 
in the hilar dissection plane could be achieved by a higher 

Fig. 2  Microscopic assessment. A, B Infiltrate of pCCC involving the 
bile duct (A: hemstochemistry, 4×, where cancer cells stain strongly 
for maspin/red). C  Hilar (10×) and (D) hepatoduodenal ligament 

(4×) resection margins in surgical specimen of pCCC. Tumor cells 
representing perineural growth are present < 1 mm (arrows) from the 
inked resection margin
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usage of portal vein resection and reconstruction. The prin-
ciple of routine portal vein resection has been advocated by 
previous investigators [15, 16]. However, without detailed 
description on the pathology procedure and of which mar-
gins are being microscopically investigated, it is difficult to 
draw conclusions regarding the effect on radicality of such a 
surgical strategy. In the present series, portal vein resection 
and reconstruction were only performed when there was an 
intraoperative suspicion of macroscopic vascular invasion. 
In total, 17 patients underwent portal resection. However, 
there were still three patients with a cancer-positive hilar 
dissection plane, and another 11 patients within this group 
had cancer cells within a distance of <1 mm in this plane. 
This could be explained by the physical constraints of the 

anatomically complex hilar region, which makes it very 
difficult to safely achieve clearance distances ≥ 1 mm in 
this particular plane in locally advanced tumors. This can 
also be seen as analogous to pancreatic head resections for 
cancer, where it has been shown that resection of the supe-
rior mesenteric vein confluence when vessel involvement is 
suspected does not increase the rate of pR0 resection [17].

The hepatoduodenal ligament dissection plane, as 
described in the present study, signifies collectively what 
has previously been named arterial resection plane, portal 
vein resection plane, radial and periductal dissection planes 
all together [5, 8]. The surgical technique used in the present 
study has been an ‘en bloc’ caudal-to-cranial dissection of 
the hepatoduodenal ligament after first dividing the bile duct 
at the entrance into the pancreas and dividing the appropriate 
portal vein and hepatic artery branches when encountered.

The other resection margins assessed in the study include 
proximal and distal bile duct transection margins, the vascu-
lar margins and the hepatic parenchymal transection margin, 
as routinely described by other investigators. The ‘longi-
tudinal’ transection margins (bile duct and vascular) were 
embedded and sectioned at the surface opposite to the ‘true’ 
surgical end at a maximal thickness of 3 mm. This technique 
prevents eventual loss of tumor-bearing tissue as a result of 
histological sectioning at the surgical end and improves the 
quality of histomorphological assessment, as the tissue at 
the surgical end usually suffers operative trauma artefacts. 
This also allows the possibility of obtaining additional his-
tological sections toward the ‘true’ surgical end in case of 
suspicious but non-conclusive findings in the initial histo-
logical section. In contrast, the dissection planes and hepatic 
transection margin were embedded such that the ‘true’, inked 
surgical margin is always present and readily identifiable in 
the histological sections, allowing a precise measurement of 
the distance of tumor cells to the inked margin. While vas-
cular margins were routinely sampled in our study, only one 
patient had a positive hepatic artery margin in this cohort.

The definition of pR0 varies globally. In pCCA, pR0 is 
proposed to mean a tumor-free margin of ≥1 mm accord-
ing to the ICCR [13]. However, many studies used cancer-
free margins (>0 mm) to define pR0 [5, 7, 9]. Especially 

Table 1  Patient and tumor characteristics

Patient, tumor and perioperative characteristics Perihilar chol-
angiocarcinoma 
(n=68)

Age (years) 62 (52–70)
Males/females 39/29
Preoperative biliary decompression (%) 53 (78 %)
Preoperative portal vein embolization (%) 23 (34 %)
Preoperative serum bilirubin level (µmol/l) 15 (10–26)
Preoperative serum albumin level g/l 32 (28–36)
Bismuth Corlette classification

  Bismuth 1 (n) 2
  Bismuth 2 (n) 6
  Bismuth 3a (n) 41
  Bismuth 3b (n) 13
  Bismuth 4 (n) 6

Surgical characteristics
  Extended right hemihepatectomy 38 (56%)
  Extended left hemihepatectomy 9 (13%)
  Left hemihepatectomy 13 (19%)
  Right hemihepatectomy 8 (12%)
  Concomitant resection of segment 1 56 (82%)
  Portal vein resection and reconstruction 17 (25%)
  Concomitant pancreatic resection 4 (6%)

Table 2  Resection margin assessment in perihilar cholangiocarcinoma

Minimal distance 
(d) from invasive 
cancer to resection 
margin

Proximal bile duct 
transection margin

Hepatic 
transection 
margin

Hilar 
dissection 
plane

Hepatoduodenal 
ligament dissection 
plane

Distal bile duct 
transection 
margin

Hepatic artery 
transection 
margin

Portal vein 
transection 
margin

d=0 mm or present 
in transection 
margin

8 (11%) 2 (3%) 8 (12%) 6 (9%) 5 (7%) 1 (1%) 0

d≤1 mm 9 (13%) 9 (13%) 39 (57%) 27 (40%) 0 (0%) - -
d>1 mm 52 (76%) 57 (84%) 21 (31%) 35 (51%) 63 (93%) - -
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at the hilar dissection plane, the definition used is of great 
significance. As shown in Table 2, when pR0 is defined 
by a ≥1-mm margin, the percentage of patients classified 
as pR0 at the hilar dissection plane was only 31% in the 
present study. This is due to the anatomical prerequisite 
of only a thin sheath of connective tissue between the bile 
duct and surrounding structures in the Glissonian pedicle. 
It should be emphasized that the peritoneal surfaces are 
not considered as resection margins, and eventual tumor 
involvement of the peritoneum should be accounted for 
separately.

In the present study, extensive, complete or near com-
plete, sampling of the tumor, extrahepatic bile ducts, 
hepatoduodenal ligament, hilar and perihilar regions was 
routinely performed, the reasons for this being the poor 
reliability of the macroscopic assessment in discriminating 
between tumor and fibrosis. It also helps to precisely map 
cancer invasion into the neighboring structures (which 
determines pT-staging) and microscopic cancer spread 
(per continuum, intravascular, perineural), to thoroughly 
assess the different resection margins and to map the pres-
ence and extent of an eventual (dysplastic) premalignant 
lesion. During sampling, the pathologist marked out in the 
printed photographic overview where in the macroscopic 
tissue slices each tissue piece (block) that was collected 
for histology came from.

No significant correlation of pR status with survival 
outcome was found, most likely because of the small num-
ber of patients included in the study and its dependence on 
many other clinical, surgical and pathological factors [6]. 
This study introduces and supports the use of thorough 
and standardized pathological handling, assessment and 
reporting of resection margins of surgical specimens of 
pCCA.

Author contribution All authors contributed to the study conception 
and design. Material preparation, data collection and analysis were per-
formed by MAD, HAA, CFM and CS. The first draft of the manuscript 
was written by MAD, and all authors commented on previous versions 
of the manuscript. All authors read and approved the final manuscript.

Funding Open access funding provided by Karolinska Institute.

Data availability All data generated or analyzed during this study are 
included in this published article.

Code availability Not applicable.

Declarations 

Ethics approval The study protocol was approved by the regional ethi-
cal committee in Stockholm, Sweden in accordance with the guidelines 
of the Helsinki Declaration (2015/259-31/2).

Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Moazzami B, Majidzadeh AK, Dooghaie-Moghadam A, Eslami 
P, Razavi-Khorasani N, Iravani S, Khoshdel A, Shahi F, Dashti 
H, Mehrvar A, NassiriToosi M (2020) Cholangiocarcinoma: state 
of the art. J Gastrointest Cancer 51(3):774–781

 2. Komaya K, Ebata T, Yokoyama Y, Igami T, Sugawara G, Mizuno 
T, Yamaguchi J, Nagino M (2018) Recurrence after curative-intent 
resection of perihilar cholangiocarcinoma: analysis of a large 
cohort with a close postoperative follow-up approach. Surgery 
163(4):732–738

 3. Zhang XF, Beal EW, Chakedis J, Chen Q, Lv Y, Ethun CG, 
Salem A, Weber SM, Tran T, Poultsides G, Son AY, Hatzaras I, 
Jin L, Fields RC, Buettner S, Scoggins C, Martin RCG, Isom CA, 
Idrees K, Mogal HD, Shen P, Maithel SK, Schmidt CR, Pawlik 
TM (2018) Defining early recurrence of hilar cholangiocarcinoma 
after curative-intent surgery: a multi-institutional study from the 
US extrahepatic biliary malignancy consortium. World J Surg 
42(9):2919–2929

 4. Rassam F, Roos E, van Lienden KP, van Hooft JE, Klumpen HJ, 
van Tienhoven G, Bennink RJ, Engelbrecht MR, Schoorlemmer 
A, Beuers UHW, Verheij J, Besselink MG, Busch OR, van Gulik 
TM (2018) Modern work-up and extended resection in perihilar 
cholangiocarcinoma: the AMC experience. Langenbecks Arch 
Surg 403(3):289–307

 5. Shinohara K, Ebata T, Shimoyama Y, Mizuno T, Yokoyama Y, 
Yamaguchi J, Onoe S, Watanabe N, Nagino M (2021) A study on 
radial margin status in resected perihilar cholangiocarcinoma. Ann 
Surg 273(3):572–578

 6. Tang Z, Yang Y, Zhao Z, Wei K, Meng W, Li X (2018) The clin-
icopathological factors associated with prognosis of patients with 
resectable perihilar cholangiocarcinoma: a systematic review and 
meta-analysis. Medicine (Baltimore) 97(34):e11999

 7. Washington MK, Berlin J, Branton PA, Burgart LJ, Carter DK, 
Compton CC, Fitzgibbons PL, Frankel WL, Jessup JM, Kakar 
S, Minsky B, Nakhleh RE, Vauthey JN, Members of the Cancer 
Committee CoAP (2010) Protocol for the examination of speci-
mens from patients with carcinoma of the perihilar bile ducts. 
Arch Pathol Lab Med 134(4):e19–e24

 8. Roos E, Franken LC, Soer EC, van Hooft JE, Takkenberg RB, 
Klumpen HJ, Wilmink JW, van de Vijver MJ, van Gulik TM, 
Verheij J (2019) Lost in translation: confusion on resection and 
dissection planes hampers the interpretation of pathology reports 
for perihilar cholangiocarcinoma. Virchows Arch 475(4):435–443

 9. Chatelain D, Farges O, Fuks D, Trouillet N, Pruvot FR, Regim-
beau JM (2012) Assessment of pathology reports on hilar 
cholangiocarcinoma: the results of a nationwide, multicenter 

563Virchows Archiv (2022) 480:557–564

http://creativecommons.org/licenses/by/4.0/


1 3

survey performed by the AFC-HC-2009 study group. J Hepatol 
56(5):1121–1128

 10. Stremitzer S, Stift J, Laengle J, Schwarz C, Kaczirek K, Jones 
RP, Quinn LM, Fenwick SW, Diaz-Nieto R, Poston GJ, Malik 
HZ (2021) Prognosis and circumferential margin in patients 
with resected hilar cholangiocarcinoma. Ann Surg Oncol 
28(3):1493–1498

 11. Markov P, Satoi S, Kon M (2016) Redefining the R1 resection in 
patients with pancreatic ductal adenocarcinoma. J Hepatobiliary 
Pancreat Sci 23(9):523–532

 12. DeOliveira ML, Clavien PA (2012) A common language to 
describe perihilar cholangiocarcinoma. Br J Surg 99(7):885–886

 13. Burt AD, Alves V, Bedossa P, Clouston A, Guido M, Hubscher 
S, Kakar S, Ng I, Park YN, Reeves H, Wyatt J, Yeh MM, Ellis 
DW (2018) Data set for the reporting of intrahepatic cholangio-
carcinoma, perihilar cholangiocarcinoma and hepatocellular car-
cinoma: recommendations from the International Collaboration 
on Cancer Reporting (ICCR). Histopathology 73(3):369–385

 14. Sakamoto Y, Shimada K, Nara S, Esaki M, Ojima H, Sano T, 
Yamamoto J, Kosuge T (2010) Surgical management of infrahilar/

suprapancreatic cholangiocarcinoma: an analysis of the surgical 
procedures, surgical margins, and survivals of 77 patients. J Gas-
trointest Surg 14(2):335–343

 15. Neuhaus P, Jonas S, Bechstein WO, Lohmann R, Radke C, Kling 
N, Wex C, Lobeck H, Hintze R (1999) Extended resections for 
hilar cholangiocarcinoma. Ann Surg 230(6): 808-818; discussion 
819

 16. Bednarsch J, Czigany Z, Lurje I, Tacke F, Strnad P, Ulmer TF, 
Gaisa NT, Bruners P, Neumann UP, Lurje G (2020) Left- versus 
right-sided hepatectomy with hilar en-bloc resection in perihilar 
cholangiocarcinoma. HPB (Oxford) 22(3):437–444

 17. Kleive D, Labori KJ, Line PD, Gladhaug IP, Verbeke CS (2020) 
Pancreatoduodenectomy with venous resection for ductal adeno-
carcinoma rarely achieves complete (R0) resection. HPB (Oxford) 
22(1):50–57

Publisher's note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

564 Virchows Archiv (2022) 480:557–564


	Redefining resection margins and dissection planes in perihilar cholangiocarcinoma—radical resection is a rare event
	Abstract
	Introduction
	Patients and methods
	Patients
	Surgical procedure
	Pathology procedure

	Results
	Discussion
	References


