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Introduction

Hilar  cho lang iocarc inoma  occas iona l l y  invades 
adjacent hepatic arteries, which necessitates hepatic 
artery reconstructions for a curative resection. Cancer 
involvement of the hepatic arteries often accompanies 
simultaneous involvement of the portal vein. Therefore, 
in cholangiocarcinoma operation with a hepatic artery 
reconstruction, a simultaneous portal vein reconstruction is 
often needed. Miyazaki et al. reported the high incidence of 
serious postoperative complications in cholangiocarcinoma 
operation with a hepatic artery reconstruction (1). 
Thus, they concluded that such operations could not be 

justified. On the other hand, Nagino et al. (2) reported the 
acceptable mortality of cholangiocarcinoma operation with 
simultaneous resections and reconstructions of the portal 
vein and the hepatic artery. Nevertheless, this operation is 
one of the most complicated and the most challenging ones 
in abdominal surgeries. Most of the hepatectomies with 
simultaneous hepatic artery and portal vein reconstructions 
are left-sided because of anatomical reasons. Although 
this type of operation consists of many steps, each step is 
merely one of well-established procedures. We present 
here our step-by-step procedures for left hepatectomy with 
simultaneous resections and reconstructions of the hepatic 
artery and the portal vein in cholangiocarcinoma operation.
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Patients

Tw o  p a t i e n t s  h a d  B i s m u t h  t y p e  I I I  b  h i l a r 
cholangiocarcinoma (3) and one patient had intrahepatic 
cholangiocarcinoma, all of which directly invaded not only 
the hepatic artery but also the portal vein (Figure 1). The 

mode of invasion necessitated simultaneous resection and 
reconstruction of the hepatic artery and the portal vein for 
curative resection. The characteristics and the preoperative 
information of these patients are summarized in Table 1.

Surgical techniques

There were 15 main steps in this operation:
(I) Tape-control of the right hepatic artery (RHA) 

at the porta hepatis (securing the peripheral 
anastomotic margin for hepatic artery anastomosis);

(II) Tape-control of the right portal vein (RPV) at the 
porta hepatis (securing the peripheral anastomotic 
margin for portal vein anastomosis);

(III) Tape-control of the proper hepatic artery 
proximal to the cancer involvement;

(IV) Tape-control of the main portal vein (MPV) 
proximal to the cancer involvement;

(V) Dissection of the gallbladder from the liver bed;
(VI) Transection of the common bile duct just above 

the pancreas;
(VII) Counterclockwise rotation of the Spiegel lobe by 

dividing the left inferior vena cava ligament and 
the short hepatic veins;

(VIII) Parenchymal transection between the right and 
left hemilivers using a liver hanging maneuver;

(IX) Division of the right hepatic duct (RHD) by 
subtracting the RHA and the RPV;

Table 1 Patient characteristics and operative results

Factor Patient 1 Patient 2 Patient 3

Age 77 67 71

Gender Female Male Female

Chief complaint Jaundice Jaundice Jaundice

Preoperative biliary drainage ERBD into the RHD ERBD into the RHD ERBD into the RHD

Operation time (min.) 634 590 657

Intraoperative blood loss (mL) 1,240 178 995

Intraoperative blood transfusion None None None

Portal ischemic time 13 min. 45 sec. 19 min. 00 sec. 10 min. 50 sec.

Arterial ischemic time 36 min. 49 sec. 38 min. 05 sec. 33 min. 00 sec.

Postoperative complication (Clavien’s gradea) Intraabdominal abscess (2); gastric stasis (2) None None

Postoperative hospital stay (day) 59 24 19
a, complication grades were determined by the Clavien-Dindo classification (4). ERBD, endoscopic retrograde biliary drainage; RHD, right 
hepatic duct.

Figure 1 Schematic diagrams of simultaneous reconstruction of 
the RHA and the RPV. Dotted lines indicate the dividing points 
of the bile duct, the hepatic artery, and the portal vein. RHD, 
right hepatic duct; CHD, common hepatic duct; LHA, left hepatic 
artery; CHA, common hepatic artery; RHA, right hepatic artery; 
MPV, main portal vein; RPV, right portal vein.
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(X) Division of the RHA and the proper hepatic artery;
(XI) Division of the RPV and the MPV;
(XII) Division of the left hepatic vein using a stapler;
(XIII) Reconstruction of the portal vein by directly 

anastomosing the RPV and the MPV;
(XIV) Reconstruction of the hepatic artery by directly 

anastomosing the RHA and the proper hepatic 
artery;

(XV) Biliary reconstruction by hepaticojejunostomy.
The detailed surgical procedures were as follows.
The abdomen was opened through bilateral subcostal 

incisions with a midline extension. The abdominal cavity 
was thoroughly inspected in order to confirm there was 
neither liver metastasis nor peritoneal dissemination. 
First, an attempt to encircle the RHA and the RPV by 
vascular tapes at the porta hepatis (peripheral to the cancer 
involvement) was made because the inability of this attempt 
meant that it was impossible to reconstruct the RHA 
and the RPV, which meant that the cancer could not be 
resected. After this attempt was successfully achieved, the 
proper hepatic artery and the MPV proximal to the cancer 
involvement were controlled with vascular tapes. After these 
first and the second attempts were successfully achieved, the 
extent of the cancer involvement to the vascular structure 
was confirmed by gross inspection. The gallbladder was 
freed from the gallbladder bed, dividing the cystic artery. 
The common bile duct was divided just above the pancreas. 
The distal stump of the common bile duct was brought 
up in order for the surgeons to further inspect the cancer 
involvement to the hepatic artery and the portal vein. The 
Spiegel lobe was rotated counterclockwise by dividing 
the inferior vena cava ligament and the short hepatic 
veins. Parenchymal transection between the right and left 
hemilivers was achieved using an ultrasonic aspiration 
dissector and soft coagulation. The RHD was divided at 
the point that seemed to be freed from cancer involvement. 
The RHA and the proper hepatic artery were meticulously 
trimmed at the dividing points for prompt reconstruction 
of the RHA after the specimen removal. The RHA and 
the proper hepatic artery, and then the RPV and the MPV 
were divided at the proximal and distal points that were 
freed from the cancer involvement (Figure 1). Finally, after 
the left hepatic vein (the confluence of the left and middle 
hepatic veins in patient 3 due to the cancer involvement 
to the middle hepatic vein) was divided using a stapler, the 
specimen was removed from the operative field. First, the 
portal vein reconstruction was achieved as shown in Figure 2.  
Then the RHA was reconstructed as shown in Figure 3 

Figure 2 Schematic diagrams of reconstruction of the right 
portal vein (RPV). (A) Two edge-stitches using 5-0 double-arm 
monofilament non-absorbable sutures are placed at the three and 
the 9 o’clock directions of the right and the main portal veins 
(MPV); (B) after the 3 o’clock suture arms are tied at the middle 
of this suture, one of the 3 o’clock suture arms is brought to the 
lumen and the intraluminal continuous posterior suture is begun; 
(C) the continuous suture proceeds toward the 9 o’clock point; 
(D) the suture turns back at the 9 o’clock point and the over-and-
over continuous anterior suture is begun; (E) after 2–3 continuous 
anterior stitches from the 9 o’clock point are made, an over-and-
over continuous anterior suture from the 3 o’clock point toward 
the 9 o’clock point is begun using the other 3 o’clock suture arm; 
(F) after the two 3 o’clock suture arms are met at the anterior wall, 
the proximal clamp is released. The two 3 o’clock suture arms are 
tied after the anastomosis is fully expanded, then the distal clamp is 
released, and finally the two 9 o’clock suture arms are tied.
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under loupe magnification. Biliary reconstruction was 
achieved by hepaticojejunostomy (Figure 4). 

Operative results

The operative results are summarized in Table 1. No 
intraoperative blood transfusion was administered in all 
the patients. The mean portal and arterial ischemic time of 
the remnant liver was 14 min. 32 sec. and 35 min. 58 sec., 
respectively. The mean operative time and the intraoperative 
blood loss in the three patients were 627 min. and 804 
mL, respectively. Only patient 1 experienced postoperative 
complications. She suffered intraabdominal abscess and 
gastric stasis both of which healed without any invasive 
intervention. 

Discussion

Complications related to vascular anastomosis often lead to 

Figure 3 Schematic diagrams of reconstruction of the right 
hepatic artery (RHA). (A) Two edge-stitches using 7-0 double-
arm monofilament non-absorbable sutures are placed at the 12 and 
the 6 o’clock directions of the RHA and the proper hepatic artery; 
(B) the 12 o’clock suture arms are pulled toward the operator and 
one of the 6 o’clock suture arm is pulled toward the first assistant 
after the two 6 o’clock suture arms are tied at the middle of this 
suture. An over-and-over continuous suture from the 6 o’clock 
point toward the 12 o’clock point is begun using the other 6 o’clock 
suture arm; (C) after the 6 o’clock suture arm reaches the 12 o’clock  
point, the two 12 o’clock suture arms are brought toward the 
first assistant over the anastomosis while the 6 o’clock suture arm 
is brought toward the operator through the under-space of the 
anastomosis; (D) two to three stitches from the 12 o’clock point 
toward the 6 o’clock point using the 6 o’clock suture arm used for 
the back wall continuous suture are made; (E) an over-and-over 
continuous suture from the 6 o’clock point toward the 12 o’clock 
point using the other 6 o’clock suture arm, while the operator 
turns his body counterclockwise, making the needle proceed from 
the wall of the RHA to the wall of the proper hepatic artery by 
forward movements of the needle holder; (F) after the two 6 o’clock 
suture arms are met, the proximal clamp is released. The two 6 
o’clock suture arms are tied after the anastomosis is fully expanded, 
then the distal clamp is released, and finally the two 12 o’clock 
suture arms are tied.

Figure 4 The representative left hepatectomy with simultaneous 
hepatic artery and portal vein reconstructions in the operation 
for cholangiocarcinoma (5). (I) Skeletonization of the hepatic 
hilum and the hepatoduodenal ligament is completed; (II) a cotton 
tape for liver hanging maneuver is introduced; (III) parenchymal 
transection is accomplished using ultrasonic aspiration dissector; 
(IV) the right hepatic duct is divided; (V) after the right hepatic 
artery and the proper hepatic artery are divided, the right portal 
vein and the main portal vein are divided; (VI) after the left hepatic 
vein is divided using a stapler, the left hepatectomy is completed; 
(VII) the reconstruction of the portal vein is accomplished by 
5-0 non-absorbable continuous sutures; (VIII) the reconstruction 
of the hepatic artery is accomplished by 7-0 non-absorbable 
continuous sutures; (IX) finally, the reconstruction of the biliary 
tract is accomplished by a hepaticojejunostomy.
Available online: http://www.asvide.com/articles/1491
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Video 1. The representative left hepatectomy 
with simultaneous hepatic artery and portal 

vein reconstructions in the operation for 
cholangiocarcinoma
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serious morbidity (1). Hepatic artery thrombosis or stenosis 
may lead to insufficient arterial blood circulation in the 
remnant liver. Because the biliary tract system in the liver 
is mainly nourished by arterial blood supply, insufficient 
arterial blood circulation in the remnant liver often leads 
to intrahepatic abscess formation caused by necrosis of the 
biliary tract, and occasionally leads to the disruption of the 
biliary anastomosis. On the other hand, an inappropriate 
reconstruction of the portal vein may occasionally lead 
to portal vein thrombosis, which results in various types 
of postoperative complications. The key point of this 
operation resides in how both the hepatic artery and the 
portal vein reconstructions are successfully accomplished. 
In order to avoid kinking at the anastomosis, vascular 
clamps are always applied in the same manner as shown in 
Figure 2 and Figure 3 (from the 9 o’clock direction for the 
portal vein and from the 12 o’clock direction for the hepatic 
artery). In order to avoid prolonged arterial ischemia of 
the remnant liver, we reconstructed hepatic arteries with 
7-0 running sutures under loupe magnification. The mean 
arterial ischemic time was approximately 35 min. in this 
series. Some investigators advocated the use of microscope 
for hepatic artery reconstructions in this type of operation 
(1,2,6). However, the outer diameter of the proper hepatic 
artery is approximately 5 mm. which is too large to be 
anastomosed under microscope. For this size of hepatic 
arteries, the magnification by surgical loupes seems to be 
sufficient. Our procedure for hepatic artery reconstruction 
enables surgeons to more promptly reconstruct hepatic 
arteries without time consuming skills (the techniques of 
microvascular surgery need special training). We believe 
the shorter the total arterial ischemic time, the lesser the 
postoperative complications such as bile leakage and abscess 
formation would occur.

When a direct end-to-end anastomosis between the 
RHA and the proper hepatic artery cannot be achieved 
because of the gap between these two arteries, the 
gastroduodenal artery and the right gastroepiploic artery 
will become another candidate inflow artery (7). Surgeons 
have to check the usefulness of these arteries on imaging 
studies preoperatively. On the other hand, a gap between 
the RPV and the MPV for a direct anastomosis may hardly 
be problematic in this type of operation. Patients with far 
progressive cancer invasion to the portal vein in which 
a direct anastomosis between the RPV and the MPV 
cannot be performed may hardly become a candidate for 
cholangiocarcinoma operation.

Will hepatectomy with simultaneous hepatic artery 

and portal  vein reconstructions for patients with 
Bismuth type III a or IV, namely right hepatectomy, 
left trisegmentectomy, or right trisegmentectomy with 
simultaneous hepatic artery and portal vein reconstruction, 
become a standard operation like the operation presented 
here? The answer is probably no. From purely oncological 
and anatomical perspectives, there exist very few cases of 
hilar cholangiocarcinoma for which right hepatectomy, or 
right trisegmentectomy with simultaneous hepatic artery 
and portal vein reconstruction would be performed with 
curative intent. On the other hand, there seem to exist 
more cases for left trisectionectomy with simultaneous 
hepatic artery and portal vein reconstruction considering 
the vascular anatomy in the hepatic hilum. However, the 
hepatic artery reconstruction in trisectionectomy needs an 
anastomosis between the posterior branch of the RHA and 
some inflow artery. The stump of the posterior branch of 
the RHA is not only short but also very thin. Therefore, it 
is much more difficult to reconstruct the posterior branch 
of the RHA than to reconstruct the main RHA. In addition, 
there are many anatomical variations at the level of this 
artery. Therefore, left trisectionectomy with hepatic artery 
and portal vein reconstructions is much more technically 
demanding than left hepatectomy with hepatic artery and 
portal vein reconstructions.

In conclusion, left hepatectomy with simultaneous 
hepatic artery and portal vein reconstructions is simply 
composed of step-by-step well-established procedures. 
Therefore, this type of operation could be standardized.
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