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Abstract

Introduction The diagnosis and treatment of hilar tumors

requires a multidisciplinary approach based on the synergy

of radiologists, surgeons, oncologists, and gastroenterolo-

gists. Klatskin tumor is a relatively rare disease with a poor

prognosis. Currently, the only possible treatment is repre-

sented by the removal of the tumor associated with radical

surgery, even though its results are still jeopardized by sig-

nificant morbidity and mortality. A proper preoperative

optimization of the patient, including staging laparoscopy,

biliary drainage, and portal vein embolization, may improve

short-term outcome. The purpose of this study was to eval-

uate the short- and long-term impact of preoperative opti-

mization in patients affected by hilar cholangiocarcinoma.

Methods From January 2004 to May 2012, 94 patients

with preoperative diagnosis of Klastkin tumors were can-

didates for surgery at the Hepatobiliary Surgery Unit of the

Hospital San Raffaele in Milan. The data of all patients

were prospectively collected and retrospectively reviewed.

The outcome was evaluated in terms of perioperative

morbidity and mortality and overall and disease-free sur-

vival. Short-term outcome of patients undergoing preop-

erative optimization was compared with outcome of

patients who did not undergo it in terms of intraoperative

data, morbidity and mortality.

Results Of 94 patients undergoing surgery, 80 underwent

hepatic and biliary confluence resection. Fourteen patients

were considered unresectable due to the presence of peri-

toneal carcinomatosis or advanced disease seen during

staging laparoscopy or at laparotomy and therefore were

excluded from the analysis. Seventy-five (93.7 %) patients

underwent major liver resections: in 14 of these, surgery

was performed at a distance of 30–40 days from PVE. In

55 patients, biliary drainage was preoperatively placed for

palliation of obstructive jaundice. The postoperative mor-

bidity rate was 51.2 % and mortality 6.2 %. The most

frequent cause of death was postoperative liver failure.

Five-year survival rate was 29 %. Patients undergoing

preoperative optimization experienced a significant reduc-

tion of postoperative morbidity, especially in terms of

infectious related events.

Conclusions Klatskin tumor remains a disease associated

with poor prognosis, but a correct preoperative diagnostic

and therapeutic management provides tools to perform this

type of surgery with acceptable morbidity and mortality,

thus improving long-term results.

Introduction

Hilar cholangiocarcinoma is a relatively uncommon neo-

plasm originating from the biliary confluence or from the

left/right hepatic duct [1]; tumor biology, along with its

position close to liver parenchyma and to vascular hilar
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structures, makes its management challenging. Surgical

resection is the only potentially curative treatment for hilar

cholangiocarcinoma: obtaining negative margins, often

acquired only with associated major liver resection (to

manage both direct parenchymal invasion and longitudinal

extension of the disease along the ducts), is one of the

strongest prognostic factors to provide better long-term

survival [2].

In this setting, morbidity and mortality rates are signif-

icant, resulting mainly from liver failure and infections,

because biliary and associated liver surgery are frequently

complex and imply extensive demolitions of healthy liver

to obtain a radical resection [3–6]. A better patient selec-

tion and improved preoperative optimization of candidates

through multidisciplinary management, consisting of

staging laparoscopy to assess resectability, biliary drainage

to treat intrahepatic biliary cholestasis, and portal vein

embolization to increase future liver remnant volume, may

contribute to improve short-term outcome [7–9]. The pur-

pose of this study was to analyze the impact of preoperative

optimization in patient candidates to major liver resections

for hilar cholangiocarcinoma.

Patients and methods

Between January 2004 and May 2012, 1,340 liver resec-

tions have been performed at the Hepatobiliary Surgery

Unit of San Raffaele Hospital in Milan. Data from these

patients have been collected in a prospective database and

are now retrospectively reviewed.

In this period, 94 patients were referred to the same

Centre for hilar cholangiocarcinoma and were candidates

to surgery, representing the study population. Patients

affected by unresectable hilar cholangiocarcinoma were

excluded from this series (resectability criteria are men-

tioned below), as well as those affected by gallbladder

cancer and peripheral cholangiocellular tumors.

Preoperative evaluation

Before surgery, all patients were evaluated by thoracoab-

dominal imaging [computed tomography (CT) and mag-

netic resonance cholangiopancreatography (MRCP)], blood

tests, including serum tumor markers levels [carcinoem-

bryonic antigen (CEA) and Ca 19.9]. The side of hepa-

tectomy was evaluated according to the predominant

infiltration of the disease along the biliary tree and toward

vascular hilar structures. Selected patients also underwent

positron emission tomography (PET) to evaluate presence

of extrahepatic disease. Preoperative chemotherapy was

not routinely administrated. Diagnosis assessed by cytol-

ogy was not a prerequisite for surgery. Treatment strategies

were systematically evaluated at weekly multidisciplinary

meetings, including liver surgeons, radiologists, and med-

ical oncologists, to define the final indication for the sur-

gical procedure and both the type and the resection

technique.

Tumor classification and histopathological examination

The Bismuth–Corlette classification [7] was used to define

preoperatively tumor extension along the intrahepatic bile

ducts, taking into account findings from imaging. Intraop-

eratively, tumor extension and margins were examined by

histopathological evaluation of frozen sections. The histo-

logical staging of the disease was determined according to

the TNM classification following the criteria of the

American Joint Committee on Cancer (AJCC) [8]. Resec-

tions were considered curative (R0) when margins had no

evidence of microscopic disease.

Criteria for resectability

Resectability was defined according to MSKCC staging

system [9]. Patients with locally advanced disease involving

secondary biliary branches of both sides or the main portal

vein proximally to its bifurcation were excluded from

surgery. Atrophy of one hepatic lobe or unilateral tumor

extension to secondary order biliary branches with contra-

lateral portal vein or arterial involvement also was consid-

ered a contraindication to surgery. Nodes involvement

was not considered an absolute surgical contraindication,

except for metastases located beyond the hepatoduodenal

ligament [9].

Preoperative optimization

Liver optimization consisted of preoperative percutaneous

transhepatic biliary drainage (PTBD) and preoperative

portal vein embolization (PVE) for patients whose future

liver remnant (FLR) was judged inadequate. Adopted

algorithm is summarized in Fig. 1.

Staging laparoscopy was performed routinely in candi-

dates to preoperative PTBD and PVE to exclude the pres-

ence of peritoneal carcinomatosis, extrahepatic metastases,

and locally advanced hilar disease and to confirm patient

suitability to surgery. In other cases, staging laparoscopy

was performed at the beginning of the surgical intervention

to reduce the number of useless laparotomies.

Indication for PTBD placement was obstructive jaun-

dice or imaging evidence of bile ducts dilatation. Endo-

scopic drainage was avoided whenever possible. External

PTBD was preferred to external–internal drainage and bile

replacement was never performed. Drainage of the FLR

was considered as a first choice, even though in selected
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cases the hemiliver that had to be removed was drained as

well to achieve jaundice relief and bile duct distension.

Surgery was postponed until total bilirubin level was

\5 mg/dL.

Computed tomography (CT) study was used to deter-

mine liver volumes by 3D reconstruction of images. Total

liver volume (TLV), tumor volume, and resected volume

were calculated before embolization using dedicated soft-

ware, multiplying the area of each liver session by the slice

thickness. The FLR was estimated subtracting tumor vol-

ume as follows: (resected volume - tumor volume)/

(TLV - tumor volume). PVE was indicated when the

predicted FLR was \30 % in patients with normal paren-

chyma or \40 % in patients with abnormal parenchyma

due to obstructive cholestasis or chronic liver diseases.

Liver biopsy was not routinely performed to evaluate

underlying liver disease. The FLR was reassessed by CT

scan 4–6 weeks after PVE, just before surgery. The liver

hypertrophy was defined using the following ratio: (FLR

after PVE - FLR pre-PVE) 9 100/(FLR pre-PVE). The

persistence of a FLR volume of \30 % (normal paren-

chyma) or\40 % (in other cases) 2 months after PVE was

considered a contraindication to resection.

Surgical procedures

Abdominal incision consisted of a xipho-supraumbilical

laparotomy prolonged to the right subcostal area. Resection

of 3 or more liver segments was considered a major hepa-

tectomy. Abdominal exploration and intraoperative ultra-

sound were used to determine resectability. Transection of

the hepatic parenchyma was performed by a combination of

ultrasonic dissector and/or harmonic scalpel and wet bipolar

forceps. Intermittent Pringle maneuver was used on demand

during liver transection to control intraoperative blood loss.

Lymphadenectomy was performed routinely and consisted

of removal of all lymph nodes and connective tissue in the

hepatoduodenal ligament and the retroduodenal area.

Resection of I liver segment was always performed. Both

distal and proximal margins of the sectioned bile ducts were

sent for frozen section examination; presence of neoplastic

cells in examined sections constituted an indication for

widening of margins within the hepatic parenchyma as far

as compatible with the feasibility of even multiple seg-

mental biliary enteric anastomosis. Roux-en-Y biliary

enteric reconstruction was performed using a segment of

jejunum: transanastomotic stenting was not performed

routinely. Vascular reconstructions of portal vein or hepatic

artery were never preoperatively planned, but performed

when required and technically feasible to reach R0 resec-

tions in patients with preoperatively unrecognized vessel

involvement.

Outcome evaluation

For each patient data regarding preoperative evaluation and

staging were recorded, as well as data about liver optimi-

zation and related events. Intraoperative data and postop-

erative outcome were evaluated, including blood losses and

transfusion rate, length of postoperative stay, morbidity,

and mortality. Postoperative complications were reviewed

for 90 days following liver resection and were graded

retrospectively according to Dindo–Clavien classification

of surgical complications [10]. Postoperative mortality was

defined as any death during postoperative hospitalization or

within 90 days after resection. Three- and 5-year overall

and disease-free survivals were evaluated using Kaplan–

Meier method.

Fig. 1 Management algorithm
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Statistical analysis

Demographic, pathological, operative details, and surgical

outcomes were analyzed in the whole series and outcomes

were compared between patients undergoing optimization

and patients without optimization using the v2 test or

Fisher’s exact test for categorical data and the Mann–

Whitney U test for ordinal data. Survival curves were

generated using the Kaplan–Meier method. All data were

expressed as mean plus the standard deviation or median

and range. Significance was defined as P \ 0.05. All

analyses were performed using the statistical package SPSS

18.0 (SPSS, Chicago, IL).

Results

Between January 2004 and March 2012, 94 patients with

hilar cholangiocarcinoma were admitted to Hepatobiliary

Surgery Unit of San Raffaele Hospital and were candidates

to surgical program after preliminary evaluation trough

radiological imaging. Fifty patients (53.2 %) were females

and 44 were males (46.8 %), with a median age of 59

(range 36–82) years. Preoperative tumor staging according

to Bismuth–Corlette classification was the following: 5

patients (6.2 %) had type I, 29 patients (36.3 %) had type

II, and 46 patients (57.5 %) had type III (respectively 27

type IIIa and 19 type IIIb).

Staging laparoscopy

Staging laparoscopy was performed in all the patients and

successfully completed in 89 patients (94.7 %); in 5 cases

it was not successful because of the presence of visceral

adherences resulting from previous surgery (unrelated to

hilar cholangiocarcinoma). Six patients (6.4 %) were

excluded from surgery after staging laparoscopy demon-

strated liver (2 cases) or peritoneal metastases (4 cases),

with size below the detection limit of preoperative imag-

ing. None of the patients was excluded from surgery

because of the identification of locally advanced hilar

disease at laparoscopic ultrasound during staging laparos-

copy. Eight patients underwent laparotomy and could not

benefit from surgical treatment because of advanced hilar

disease (5 cases) or peritoneal metastases (3 cases). All of

the patients who were excluded from surgery at laparotomy

had been evaluated previously through staging laparoscopy

and, in particular, two patients with advanced hilar disease

and two with peritoneal metastases at laparotomy had

undergone staging laparoscopy at a median of 22 days

(range 10–34) before open exploration; in the other cases,

staging laparoscopy was performed at the time of surgery

as a preliminary step before laparotomy. None of the

patients who did not receive staging laparoscopy were

judged unresectable at laparotomy.

Biliary drainage

Fifty-five patients (58.5 %) presented with obstructive

jaundice or radiological evidence of bile ducts dilatation

and therefore required biliary drainage. In all patients, FLR

was drained as a first choice. PTBD was external in 33

patients (60 %), external–internal in 13 (23.6 %), and

endoscopic in 4 patients (7.3 %). Five patients (9.1 %)

required placement of PTBD both in the FLR and in the

liver to be resected, because serum total bilirubin level did

not decreased adequately after first drain placement.

Median interval between PTBD placement and surgery was

24 days (range 10–36). Bile replacement was never per-

formed after PTBD. Serum total bilirubin level decreased

from 12.7 ± 6.5 to 3.4 ± 1.5 mg/dL. Procedure-associated

mortality was nil and morbidity rate was 18.2 %; ten

patients developed complications, including one major

event (hemorrhagic shock due to hemobilia, treated by

angiographic embolization of the bleeding vessel) and nine

minor complications (3 cases of drain dislodgement

requiring its repositioning, 4 cases of cholangitis, 1 case of

subcutaneous abscess, and 1 case of persistent pain with

scarce response to analgesics).

Portal vein embolization

Fourteen patients (14.9 % of the whole series) had an

inadequate FLR volume at preoperative evaluation and

therefore were subjected to portal vein embolization

(PVE). Twelve of these patients (85.7 %) also underwent

preoperative PTBD. Mean FLR volume before PVE was

421.4 ± 151.3 cc and 33 ± 9.6 % of the total liver volume

(TLV); after a median interval of 31 days (range 24–41),

the mean FLR volume was 601.6 ± 161.7 cc and

39.5 ± 9.7 % of TLV, with a mean increase of 46.3 ±

30.4 % (P = 0.032). Procedure-related mortality was nil

and morbidity was 14.3 %: one patient developed mild

transaminases and leucocytes increase and one had leuko-

cytosis with fever and diarrhea without sonographic signs

of common portal vein thrombosis. Both complications

were classified as minor and resolved after few days of

hospital stay.

Surgical and histopathological data

Eighty patients (85.1 %) of 94 candidates to surgery

underwent resection with curative intent. Five patients

(6.2 %) underwent minor liver resection intending removal

of segment IVb and V with biliary confluence resection.
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Sixty patients (75 %) underwent major hepatic resection,

including 35 patients (43.7 %) undergoing right and 25

patients (31.2 %) undergoing left hepatectomy. Extended

resections were performed in 15 patients (18.8 %),

including 11 right hepatectomies (13.7 %) extended to

segment IV and 4 left hepatectomies (5.1 %) extended to

segment V and VIII. Caudate lobe resection was routinely

performed. Lymphadenectomy was performed in all the

patients, as previously described. Frozen sections from the

proximal stumps of the biliary ducts turned positive in 39

patients (48.7 %), indicating the need for biliary resection

widening to reach R0 resection. In 11 cases (13.7 %), a

negative biliary stump was not achieved (R1 margins) due

to the microscopic tumor infiltration above the technical

limit for performing even multiple segmental biliary

enteric anastomoses. Portal vein resection with end to end

anastomosis was not routinely performed but carried out on

a demand basis in 6 cases of vein wall infiltration by

neoplastic tissue. Arterial resection and reconstruction

were required in 4 patients showing encasement or infil-

tration of the vessel.

Histopathological data are summarized in Table 1. Fifty

patients (62.5 %) had nodal involvement, whereas 30

patients were N0. R0 resection was achieved in 54 patients

(67.5 %). Twenty-four patients (30 %) had R1 (11 because

of biliary residual disease: 8 because of residual disease

infiltrating the artery, 4 because of portal vein involvement,

and 3 because of liver parenchyma infiltration). Two

patients had macroscopic residual disease (both of them,

undergoing left hepatectomy, had unresectable disease

close to right hepatic artery) and were classified as R2.

Postoperative outcome

Forty-one patients developed postoperative complications,

accounting for an overall morbidity of 51.2 %. Mortality

was 6.2 %. In the same period, liver surgery-related mor-

bidity in the whole series from our institution was 19.8 %

and mortality was 1.5 % (respectively P = 0.035 and

P = 0.044 compared with morbidity and mortality for hilar

cholangiocarcinomas). Statistical significant differences

were recorded even comparing morbidity/mortality rates

associated with hilar cholangiocarcinoma surgery and

morbidity/mortality associated with major liver resections

for any other disease in our institution (respectively

25.4 %, P = 0.49 and 2.1 %, P = 0.47). Indeed, hilar

cholangiocarcinoma surgery accounts for 3.5 % of the

entire series of liver resections at our institution but is

associated with 33.5 % of all mortalities.

Postoperative complications are summarized in Table 2.

Most frequent complications were liver failure (10 patients,

12.5 %) and sepsis (10 patients, 12.5 %). All patients with

postoperative liver failure and seven of ten patients with

postoperative fever or sepsis developed other complica-

tions in the postoperative period. Overall, 41 patients

(complications (class I and II according to Dindo–Clavien)

and 21 major complications (class III and IV according to

Dindo–Clavien) were recorded. Fifteen patients (18.7 %)

developed more than one complication.

Five patients died in the postoperative period: three

developed irreversible and progressive signs of liver

Table 1 Histopathological data

Staging n (%)

T (tumor stage)

1 13 (16.2)

2 48 (60)

3 19 (23.8)

G (grading)

1 20 (25)

2 46 (57.5)

3 14 (17.5)

N (nodal involvement)

0 30 (37.5)

1 45 (56,2)

2 5 (6.3)

R (resection margin)

0 54 (67.5)

1 24 (30)

2 2 (2.5)

Table 2 Postoperative morbidity

Morbidity

Minor complications (I–II acc. Dindo)

Urinary tract infection 6 (7.5)

Biliary fistula 5 (6.3)

Liver failure 3 (3.7)

Hepatic abscess 1 (1.2)

Wound infection 6 (7.5)

Pleural effusion 5 (6.3)

Fever/sepsis 6 (7.5)

Pneumonia 3 (3.7)

Atrial fibrillation 4 (5)

DVT/PE 2 (2.5)

Major complications (III–IV acc. Dindo)

Biliary fistula 2 (2.5)

Liver failure 7 (8.7)

Hepatic abscess 2 (2.5)

Pleural effusion 4 (5)

Fever/sepsis 4 (5)

DVT/PE 2 (2.5)

Total 51.2 %
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failure, one had septic shock from cholangitis, and one

developed massive pulmonary embolism leading to cardiac

arrest. Median postoperative stay was 16 days (range

9–69).

Postoperative outcome and preoperative optimization

Fifty-five patients (71.2 %) received preoperative liver

optimization (Fig. 2). Twenty-three patients, belonging to

the first 2 years of the study, did not receive preoperative

optimization program because this strategy had not entered

our clinical practice yet. Comparison between preoperative

optimization group (PreOp Group) and no preoperative

optimization group (No PreOp Group) demonstrated that

groups did not differ in terms of demographic data (age,

sex, BMI), associated diseases, type of operation (distri-

bution of left, right, extended resections). Patients in the

PreOp Group had instead an higher incidence of advanced

disease, both at preoperative (36 patients with type III in

PreOp Group and 10 in No PreOp Group) and at histopa-

thological evaluation (34 patients with T2 in PreOp Group

and 14 in No PreOp Group; 15 patients with T3 in PreOp

Group and 4 in No PreOp Group), even though not

reaching statistically significant difference.

Table 3 shows comparison between groups in terms of

postoperative morbidity, demonstrating a lower incidence

of complications (45.6 %) in the PreOp Group compared

with the No PreOp Group (65.2 %), mainly related to a low

occurrence of infectious events (intrahepatic abscesses and

sepsis) in the PreOp Group.

Mortality was not different between the groups

(3 patients belonging to PreOp Group and 2 belonging to

No PreOp Group died during the postoperative period).

Long-term survival

Median follow up was 19 months (range 3–94). The 3- and

5-year survival rate was respectively 43.5 % ± 9.4

and 39.5 % ± 8.7 months. Disease-free survival was 30.4

and 26.5 % at 3 and 5 years respectively. At univariate

analysis, factors associated with prognosis were tumor

grading, nodes status, and resection margins. Long-term

outcomes were not different when comparing the PreOp

Group to the Non PreOP group.

Discussion

Bile duct resection combined with major hepatectomy

represents the standard of care for patients affected by hilar

cholangiocarcinoma, because it allows obtaining a higher

rate of R0 resections compared with bile duct resection

alone or resection of IVb–V segments [2]. Better long-term

survival experienced in past decades is the result of both

increased rate of R0 resections and improved preoperative

management and surgical technique. A radical resection

with negative margins is the only factor with a demon-

strated impact on outcome, on which the surgeon can have

an influence and therefore should be the main goal of

treatment [3].

Nevertheless, complex biliary and hepatic resections

performed to achieve radical surgery are associated with

significant risk of morbidity and mortality [3]. Series in the

literature report morbidity rates ranging from 14 to 76 %

and mortality rates between 0 and 19 % [3, 11–13]. TheFig. 2 Preoperative optimization

Table 3 Morbidity according to preoperative optimization

Optimization No optimization P
n = 57 (71.2 %) n = 23 (28.8 %)

Morbidity 26 (45.6 %) 15 (65.2 %) 0.043

Biliary fistula 3 (5.3 %) 4 (17.4 %) NS

Intrahepatic abscesses 0 3 (13 %) 0.028

Liver failure 6 (10.5 %) 4 (17.4 %) NS

Fever/sepsis 4 (7 %) 6 (26 %) 0.003

Hemorrhage 3 (5.3 %) 2 (8.7 %) NS
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most life-threatening complications are represented by

postoperative liver failure, primarily related to the extent of

liver resection and to the presence of underlying paren-

chymal impairment, and by infectious complications,

including cholangitis, liver and intra-abdominal abscesses,

and wound infections, accounting for 50–80 % of all

complications.

Capussotti et al. [14] reported that the occurrence of sepsis

in patients with liver dysfunction contributed significantly to

surgical mortality and therefore the treatment of any condi-

tion contributing to liver dysfunction is itself a treatment of

liver failure and a factor potentially reducing mortality. In

patients with Klatskin tumor, adequate preoperative man-

agement of candidates to surgery has been proposed as a

factor that influences postoperative outcome, as well as a

target to be aggressively reached through a multidisciplinary

approach involving endoscopists, interventional radiolo-

gists, medical oncologists, and surgeons [15].

In the present series, the flowchart represented in Fig. 1

was used and a preoperative optimization program was

based on few but crucial steps, including staging laparos-

copy, biliary drainage, and possibly portal vein emboliza-

tion. Staging laparoscopy is an additional tool to select

patients suitable for curative surgery while extensive

application of PTBD and PVE may to pave the way for a

reduction of intraoperative and postoperative complica-

tions. Hirano et al. [16] reported that aggressive resection

for hilar cholangiocarcinoma, performed in accordance

with strict management strategy, achieved acceptably low

mortality. These findings were confirmed in a study by

Grandadam et al. [17] who stated that preoperative opti-

mization reduces intra-abdominal septic complications,

even though without impact on long-term survival.

Cytological or histological diagnoses are not always

achievable in these patients before surgery because frequently

tumoral mass is too small to allow percutaneous biopsy and

brushing of the biliary tree is associated with significant

incidence of false-negative results. However, the presence of

benign biliary strictures is reported in the literature (incidence

15 %) [18], and patients should be aware of this possibility;

despite this, it is recommended that if imaging studies dem-

onstrate a focal stenosis in the absence of previous biliary tract

surgery, a presumptive diagnosis of hilar cholangiocarcinoma

is made until proven otherwise [15].

To avoid useless laparotomies, staging laparoscopy has

been proposed as a standard procedure for patients with

hilar cholangiocarcinoma with an accuracy of 42–53 %

and a yield of 25–42 %, increased by 17 % thanks to the

introduction of intraoperative ultrasounds [19, 20]. In the

present series, the role of staging laparoscopy was con-

firmed in detection of peritoneal or hepatic localizations of

disease with size below detection limit of imaging tech-

niques, whereas it was reliable to rule out infiltration or

encasement of hilar structures by tumoral tissue. Indeed,

five patients required laparotomy to be excluded from

treatment despite previous laparoscopy. Gaujoux [21]

demonstrated how staging laparoscopy is less accurate in

hilar cholangiocarcinoma compared with gallbladder can-

cer, because it lacks reliability in hilar resectability eval-

uation. The relatively low rate of unresectability (14.9 %)

in the present series compared with other past series

(40–50 %) may rely on a more accurate preoperative

imaging, allowing an early detection of patients who are

unfit for surgery [3, 22].

Recently, Gumbs et al. [23] reported a series that

included five cases of totally laparoscopic resection of hilar

cholangiocarcinoma, demonstrating feasibility and efficacy

of minimal invasive techniques even in the treatment of

liver tumors with hilar involvement. Nevertheless, role and

indications to laparoscopy, apart from staging, have to be

validated on a larger scale yet and require an extensive

knowledge and experience both in hepatic and laparoscopic

surgery to obtain radical surgery and thus acceptable

morbidity and long-term benefit. Indeed, the main issues to

deal with regard hilar structures dissection, adequate lym-

phadenectomy, and biliary reconstruction. In an attempt to

reduce invasiveness of hilar cholangiocarcinoma surgery,

robotic approach may be an option to be investigated even

if, to our knowledge, no specific report in the literature

exists at the moment.

Whether or not biliary tree drainage allows reduction in

surgical morbidity and mortality is still controversial and

also the strategy (endoscopic or radiological) for jaundice

relief is a matter of debate in the literature [24–28]. Indeed,

liver surgery in jaundiced patients is supposed to carry

particular risks because of hepatic and systemic changes

caused by hyperbilirubinemia, even though a systematic

review from Liu et al. [24] did not provide evidence for a

clinical benefit of using biliary drainage in jaundiced

patients. Anyway, in the same review, the need for PVE is

an absolute indication for drainage because jaundice is a

recognized factor negatively affecting liver regeneration

and hypertrophy. A more favorable outcome of percuta-

neous transhepatic biliary drainage compared with endo-

scopic stenting was reported in a recent study [25], maybe

related to a higher incidence of infections and number of

required procedures for endoscopic treatment. Further-

more, percutaneous drainage is more direct and effective in

biliary tree decompression [26, 27].

In the present series, indication for biliary drainage

placement consisted of obstructive jaundice or imaging

evidence of bile ducts dilatation. The risk-benefit analyses

considered on one hand benefits on patients symptoms

(e.g., itch), hypertrophy of future remnant liver, and

coagulopathy, together with a reduction of liver and kidney

disfunction; on the other hand, it took into account
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drawbacks as intraoperative more complex evaluation of

longitudinal extension of tumor, the need to delay surgery

until blood tests normalization, and a significant risk of

cholangitis. In particular, Ferrero et al. reported high risk

of septic complication, regardless the type and the strategy

of drainage [28].

In the present experience, patients undergoing preoper-

ative optimization showed reduced postoperative morbidity

in presence of an acceptable rate of complications related

to optimization and a high rate of success in hyperbiliru-

binemia resolution, so that authors still recommend

placement of percutaneous drainage of future liver remnant

with a strong indication in cases of planned PVE because

of an inadequate FLR, borderline volume of FLR, even in

the absence of planned PVE; occurrence of complications

secondary to chronic cholestasis (i.e., cholangitis, liver

function worsening, malnutrition). In a series from Ken-

nedy et al. [29], the true impact of preoperative drainage on

postoperative outcome emerged only stratifying patients

according to FLR volume. Indeed, an adequate FLR, even

in presence of chronic cholestasis, seemed to possess

enough functional reserve to tolerate extended resections,

whereas marginal FLR requires biliary tree decompression

to partially recover from functional impairment.

The role and indications to PVE have been deeply

investigated by several studies from the literature [4, 30–

32]. Nagino et al. [30] specifically addressed the topic of

PVE in extrahepatic tumors, stating that the mortality rate

was similar in patients who underwent extended hepatec-

tomy following PVE and those who underwent resection of

\50 % of the liver volume without PVE, clearly indicating

that portal vein occlusion has potentially evident clinical

benefits in patients undergoing extended liver volume

resections. In a previous study from our group [31], as well

as in this series, it is outstanding how PVE can significantly

improve postoperative course of patients affected by hilar

cholangiocarcinoma, who need large parenchymal sacrifice

to obtain curative resection because of hilar structures

involvements despite a small tumor volume. PVE increases

FLR volume, restoring hepatic functional reserve, and

therefore, lowering the risk of postoperative liver failure

and allows surgery with curative intent in patients other-

wise unresectable because of small FLR. Patients poten-

tially resectable with normal liver functional should be

candidates for PVE if FLR \25 %, whereas potentially

resectable patients with impaired liver function (cholesta-

sis, cirrhosis) should undergo PVE if FLR \40 %.

In summary, postoperative morbidity and mortality

associated with hilar cholangiocarcinoma surgery is still

high, especially compared with liver resections performed

for other reasons. Staging laparoscopy has a role to rule out

hepatic metastases or carcinomatosis undetected at imaging

workup. Percutaneous biliary drainage placement is

mandatory in candidates for PVE but also have may

advantages in other subsets of patients. PVE contributes to

lower the risk of liver failure. An adequate preoperative

management (preoperative optimization) is therefore a

factor that affects outcome of patients with Klatskin tumor,

allowing acceptable morbidity and mortality rates in this

still high-risk surgery.
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