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Abstract 

The hanging liver maneuver is a useful technique to guide the transection of 
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liver parenchyma by lifting a tape passed between the anterior surface of the 

inferior vena cava and the liver. Modified hanging liver maneuvers have been 

described in different types of liver resection. Surgical resection of hilar 

cholangiocarcinoma can involve the portal vein and the caudate lobe for margin 

clearance.  However, hilar dissection and resection of the caudate lobe can be a 

challenging during the hanging maneuver once the tape is positioned. 

Here in we describe a modified hanging liver maneuver for a hilar ‘en bloc’ 

extended right hepatectomy with portal vein resection for the treatment of hilar 

cholangiocarcinoma including the caudate lobe.    

 

Key words: hepatectomy, cholangiocarcinoma, vascular resection, technique, 

surgery 

 

1- Introduction 

Extended right hepatectomy with caudate lobe resection is the treatment of 

choice for hilar cholangiocarcinoma arising in the biliary bifurcation with extension 

to the right side of the liver[1-3]. In cases where the tumour is invading the portal 

vein, vascular resection is mandatory in order to achieve an R0 resection [4].  

Given the incidence of positive margins during resection of hilar 

cholangiocarcinoma resection previous groups have proposed a ‘hilar en bloc 

resection technique’ [5]. It consists of performing the biliary and the hepatic 

arterial/venous dissection away from the tumour followed by transection of the 

liver so that the specimen is only attached by the portal vein. The bile duct is then 

divided and the portal vein is controlled and resected with the tumour in situ. The 

specimen is then removed and portal venous reconstruction is performed. This 

strategy avoids dissection in the vicinity of the tumour to achieve a wider margin.  

The hanging liver maneuver (HLM) is a technique used in order to facilitate 
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the anterior approach while avoiding liver mobilization[6]. It consists of passing a 

tape between the anterior surface of the inferior vena cava (IVC) and the liver 

parenchyma through the right (RHV) and middle hepatic veins (MHV) in order to lift 

the liver. This maneuver is useful to guide the transection plane, allowing for control 

of bleeding in the deeper parenchyma while protecting the anterior surface of the 

IVC [7-9]. 

Herein we describe a modified hanging maneuver for extended “en bloc” 

right hepatectomy with caudate lobe resection and portal vein reconstruction with 

hilar cholangiocarcinoma.  

 

2- Surgical technique 

A reversal L shape incision (upper median plus right-sided sub costal 

transverse incision) is performed in a supine position. The falciform ligament is 

divided to expose the hepatic veins and the anterior surface of the vena cava. The 

space between the right hepatic vein and the common trunk of middle/left bluntly 

dissected using a right-angled clamp (Couinaud’s space). The short hepatic veins 

from the caudate lobe to the inferior vena cava are divided and the right and left 

hemi-livers are fully mobilized from their attachments. In order to achieve a better 

exposure, Arantius ligament is divide. Care should be taken if the left hepatic artery 

arises from the left gastric artery. 

 A small rubber band tube (14-F size) is passed behind the liver between the 

right and middle/left hepatic veins (Couinaud’s space) into the retro hepatic space 

keeping the distal inferior tip anterior to the caudate lobe, as shown on Figure 1. In a 

minority of patients, it is possible to create a plan between the left and middle 

hepatic veins; and if that is possible the tape, after positioning between the right and 

middle/left trunk, is repositioned 

Figure 1 
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After hilar lymphadenectomy, portal dissection is performed as described by 

Neuhaus et al.. Briefly, the proper hepatic artery is isolated at the left border of the 

hepatoduodenal ligament and the right hepatic artery is divided immediately at its 

origin. After division of the supra pancreatic bile duct, frozen section is performed. 

The main portal vein is dissected as well as the left branch of the portal vein within 

the umbilical fissure, with careful ligation of caudate lobe and segment IV branches. 

Left portal vein and bile duct are exposed close to the round ligament insertion into 

the left portal vein, in a non-tumour area. When the tape is pulled anteriorly and 

caudally, the caudate lobe is usually left hanging anteriorly or to the left side of the 

tape. It is important to make sure that the caudate lobe is then rotated to the right 

side of the tape, in order to leave it encircling the left lateral sector and passing close 

to the Arantius ligament, previously divide (Figure 2).   

Figure 2 

Using a right angle clamp the distal end of the tape is passed between the left 

portal vein and the left biliary tree, leaving the left portal vein outside the hanging 

maneuver (ventral side of the hilar plate) (Figure 3, 4 and 5).  

Figure 3 

Figure 4 

Figure 5 

If the tape is inserted between the right and the middle/left venous trunk, 

the middle hepatic vein will be found when performing liver transection. If the tape 

is inserted between the left and middle hepatic vein, there will a portion of liver 

tissue that will not be transected and will contain the middle hepatic vein. 

Whenever possible we prefer to relocate the tape between the middle and left 

hepatic veins.  

Transection is performed using CUSA and bipolar forceps and major vessels 

are ligated until the specimen will be attached to the remnant liver only by the 
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portal vein and the bile duct (Figure 6). At this point, the bile duct is sectioned and 

sent for frozen analysis. 

Figure 6 

 Meanwhile, vascular clamps are applied in the main portal vein and the left 

portal vein branch that are sectioned (Figure 7). Right hepatic vein trunk is divided 

under vascular clamps and running suture of 4.0 Prolene is applied in the caval 

end.  Specimen is retrieved and left bile duct is sent for frozen section. End-to-end 

portal vein anastomosis is performed using running 6.0 Prolene sutures (Figure 

8). Roux en Y biliary anastomosis is finally performed and intra operative doppler is 

done to make sure that portal anastomosis is patent. If frozen section is positive, 

extending bile duct resection can be performed. In some cases, bile ducts to 

segments 2 and 3 will be found and two hepatico-jejunostomies will be necessaries.   

Figure 7 

 

 Figure 8 

 Table 1 illustrates the demographics, operative data and outcome of the 

patients submitted to this technique. 

 

 

Table 1  

3- Discussion  

 

In patients with hilar cholangiocarcinoma, a major hepatectomy with 

removal of the caudate lobe is usually indicated for an oncologically sound 

resection. Many centers have reported that a tumour free margin is critical for a 

curative resection [10-12]. This type of resection can be associated with high blood 

loss due to the need for division of large areas of liver parenchyma and major 

vascular structures. The presence of a tape to hang the liver can serve as a guide for 

transection of a plane between the left lateral section and the remaining liver[13].   

Although the hanging liver maneuver was developed to facilitate a 

transection plane without liver manipulation, it can also be applied in resections in 

which a full mobilization is done. It is especially useful when a lack of landmarks 
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during parenchymal transection can cause massive bleeding [3]. In addition, during 

extended hepatectomies requiring dissection close to major hepatic vessels there is 

significant potential for vascular injuries [14,15]. 

Our technique for extended right hepatectomy with caudate lobe resection 

using the hanging liver maneuver and the hilar “en bloc” resection is a simple and 

feasible technique that can be useful during liver transection. It adds to the “non 

touch approach” an easier and useful tool during parenchymal section, as the cross 

sectional line offered by pulling the hanging tape leads to a straight plane to be 

followed. Besides that, by dissection the left portal vein far away from the tumour, 

the oncological principals are respected what increases the chances of an R0 

resection. 

Following liver mobilization, the caudate lobe should be rotated to the right 

and the tape relocated to the Arantius’ sulcus, allowing for compression of the liver 

parenchyma. Should an injury occur to the MHV, bleeding can be controlled by 

compressing the parenchyma in the hanging liver remnant (pulling the tape against 

the assistant pushing fingers). 

By pulling the tape cranially, the resected liver parenchyma is compressed 

and as transection plane deepens within the parenchyma, anterior compression can 

be applied to minimize bleeding. In select circumstances, a vessel loop can be used 

to encircle the left main trunk (if possible) and be clamped if a major vein injury 

occurs [16-18].  

Care should be taken not to damage the left portal vein after bile duct 

transection when applying the hanging liver maneuver, as the tape, if pushed 

caudally, can tear the vein. To avoid this type of injury, the ends of the tape are tied 

together and only moved cephalad to avoid tearing the portal vein and malleable 

tapes (Penrose drains, rubber band) are preferred over the more stiffs ones 

(nasogastric tubes).  
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4- Conclusion 

During extended right hepatectomy and caudate resection for patients with 

hilar cholangiocarcinoma and portal vein invasion, the use of a modified hanging 

liver maneuver can be a useful tool for an en bloc resection of the tumour with 

negative margins while minimizing the potential for blood loss.  

 

5- 
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Figure 1: The tape is placed between IVC and the posterior aspect of liver; 

superiorly it is located between the right and middle hepatic veins and inferiorly, 

behind the caudate lobe of the liver. RHV: right hepatic vein. MHV: middle hepatic 

vein. LHV: left hepatic vein. CL: caudate lobe. 

 

Figure 2: The caudate lobe that was in front of the tape is then rotated to the right 

side of the tape, in order to leave it encircling the left lateral lobe. It englobes the left 

main hilar structures and the liver parenchyma. RHV: right hepatic vein. MHV: 

middle hepatic vein. LHV: left hepatic vein. CL: caudate lobe. LPV: left portal vein. 

LBD: left bile duct. 
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Figure 3: A right angle clamp is gently placed between the left biliary tree and the 

left portal vein after exposure of the left portal vein distally to the tumour. CL: 

caudate lobe. LPV: left portal vein. LBD: left bile duct. 

 

Figure 4: The distal tape tip is then grasped with the right angle and is gently pulled 

and placed between the left portal vein and left biliary tree. Care should be taken 

not to damage the left portal vein. CL: caudate lobe. LPV: left portal vein. LBD: left 

bile duct. 

 

Figure 5: The tape is now lifting liver parenchyma and the left biliary system. The 

liver in then pulled up and parenchymal transection is started. CL: caudate lobe. 

LPV: left portal vein. LBD: left bile duct.   

 

Figure 6: After liver transection and left bile duct division, portal vein clamps are 

applied proximally (main portal vein) and distally (left portal vein). Main and left 

portal veins are divided (making sure a free margin achieved) and specimen is 

retrieved en bloc after the right hepatic vein is divided and oversewn. Bile duct 

margin is sent for frozen section at this stage. . RHV: right hepatic vein. MHV: middle 

hepatic vein. LHV: left hepatic vein. LPV: left portal vein. LBD: left bile duct.  

 

Figure 7: Once the specimen is removed, the proximal (main) and distal (left) portal 

veins previously clamped are prepared for the anastomosis. In order to avoid 

kinging, extra-length is resected and the anastomosis is preferably done close to the 

liver parenchyma in a straight position. LPV: left portal vein. LBD: left bile duct. 

MPV: main portal vein. 

 

Figure 8: End-to-end running veno-venous anastomosis is performed with 6.0 

Prolene.After the portal vein is anastomosed, biliary reconstruction will be 

performed once frozen section result is back. LPV: left portal vein. LBD: left bile 

duct. MPV: main portal vein. 
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Table 1 – Demographics, surgical record and outcomes of patients with hilar 

cholangiocarcinoma (CC) submitted to extended right hemi-hepatectomy with 

caudate lobe resection and portal vein reconstruction 

 
Patient Sex Age Op time 

(min) 

Blood 

tx 

Post op 

complic 

DC 

Grade 

LOS 

(d) 

Margin FU 

(m) 

Recur 

1  F 67 600 2 Wound 

infection 

I 9 Neg 24 No 

2 M 51 520 0 Bile leak II 10 Neg 20 No 

3 M 65 620 2 Partial PV 

thrombosi

s 

IIIa 21 Neg 18 No* 

4 M 68 610 0 None II 9 Neg 22 No 

5  M 52 580 1 None I 8 Neg 19 No 

 

 

 
Op. time = operative time, Blood tx=intra-operative blood transfusion, Post op. complic= 

postoperative complications, DC Grade= Dindo-Clavien Grade, LOS= length of hospital stay, 

FU=follow up, Recur= tumour recurrence, *= patient died 18 months after surgery from 

another cause. 
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figure 1 final  . 
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figure 2 final  . 



Aut
ho

r M
an

us
cr

ipt

Aut
ho

r M
an

us
cr

ipt
 

figure 3 final  . 
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figure 4 final  . 
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figure 5 final  . 
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figure 6 final  . 
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figure 7 final  . 



Aut
ho

r M
an

us
cr

ipt

Aut
ho

r M
an

us
cr

ipt
 

figure 8 final  . 

 


