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Abstract Anatomic resection of the liver, which refers to

the systemic elimination of the main tumor with microm-

etastases, preserves liver function and is highly recom-

mended. Tumors located centrally or in the vicinity of

major portal pedicles or hepatic veins, however, tend to

require extensive hepatectomy. Anatomic sectionectomy of

the liver might represent an alternative to such extensive

resection. Preoperative simulation, external landmarks,

selective devascularization, and intraoperative ultrasound

are useful to achieve anatomic sectionectomy. Anatomic

resection requires division of the relevant portal vein,

hepatic artery, and bile duct. This may be achieved by

individual isolation of the three elements or by mass iso-

lation of all three in their surrounding fibrous sheath

(Glisson’s capsule). Both approaches are equally effective

for extensive resections. When sectionectomy is per-

formed, however, the isolation of individual vasculobiliary

elements is sometimes difficult and dangerous compared

with the isolation of the sectional portal pedicles. By

identifying the portal pedicles to individual anatomic sec-

tions, it is possible to control the inflow to the section that

is intended for resection. Anatomic sectionectomy is a safe

alternative to extensive liver resection in selected patients,

avoiding unnecessary sacrifice of functional liver paren-

chyma and increasing the opportunity to perform repeat

resections in cases of recurrence.
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Introduction

An increased incidence of primary liver cancer has been

reported in Australia, Central Europe, Japan, North

America, and the United Kingdom [1]. Hepatocellular

carcinoma (HCC) accounts for 84% of primary liver can-

cers in the United States and 95% in Japan [2, 3]. Liver

resection is the only treatment that offers the prospect of

long-term survival and potential cure to patients with liver

cancer. The treatment of small peripheral lesions by seg-

mentectomies and of large tumors by extensive hepatec-

tomies is the standard. However, particularly for lesions

located deep in the right or left lobe, an extensive resection

might be required, only because of their location and

vascular connections. In such instances, anatomic section-

ectomies can also achieve curative resection.

Sectionectomy offers a variety of advantages over both

classical major resections and non-anatomic resections.

Sectionectomy conserves functional liver parenchyma and

reduces the physiologic impact of liver resection. This is of

particular benefit in cirrhotic patients with impaired hepa-

tocellular function. Most patients with HCC have impaired

hepatic function due to associated chronic liver disease

[4, 5]. Therefore, anatomic sectionectomy could represent

an alternative to extensive hepatectomies in patients with
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tumors located centrally or in the vicinity of major portal

pedicles or hepatic veins. Advantages also include

increased opportunity to perform repeat resections in cases

of recurrent malignancy.

Anatomic sectionectomies can be performed based on

an accurate knowledge of the anatomy of liver sections and

segments, including their inflow as well as outflow sup-

plies. Right posterior sectionectomy requires access to the

right posterior sectional portal pedicle and preservation

of the right hepatic vein. Right anterior sectionectomy

requires access to the right anterior sectional portal pedicle

and resects the territory drained by the middle and right

hepatic veins. Therefore, these operations are technically

demanding. They require more extensive dissection of

vascular pedicles, expertise in intraoperative ultrasound,

and larger transection surfaces. Posterior or central tumors,

which otherwise would require right or left hepatectomy,

can be treated by right posterior, right anterior, or left

medial sectionectomy, thus sparing 2 liver segments.

Detailed understanding of the intrahepatic anatomy and

advances in imaging technology have facilitated an

approach to hepatic resection based on the removal of

hepatic sections and segments. We have reported that the

vascular anatomy, liver resection volume, and surgical

margin can be predicted before open hepatectomy by using

a three-dimensional (3D) virtual hepatectomy program

based on the hepatic circulation [6, 7]. We herein review

reports and our experience with regard to techniques of

anatomic sectionectomies.

Methods

Anatomic sectionectomies are defined according to the

International Hepato-Pancreato-Biliary Association (IHPBA)

terminology derived from Couinaud’s classification [8].

Preoperative simulation of liver resection

Three-dimensional virtual hepatectomy simulation software

has recently been developed, which enables accurate preop-

erative recognition of the anatomic relationships between

tumors and the vessels in the liver [9–11]. This 3D simulation

based on data obtained by multidetector-row computed

tomography is useful for planning liver resection [6, 12]

(Fig. 1). It is also effective for preoperative estimation of the

liver volumes to be resected and preserved [7].

General technical principles

A J-shaped incision is indicated for surgery of the right

lobe and provides good access to the area around the

junction between the inferior vena cava (IVC) and the right

hepatic vein. The costal arches on both sides are retracted

cranially and laterally. For left-sided lesions, a bilateral

subcostal incision is made with a median incision along the

xyphoid process. Intraoperative ultrasonography (IOUS) of

the liver is performed to screen the liver for undiagnosed

lesions and to confirm the hepatic vascular anatomy in

relation to the tumor [13]. After mobilization of the liver,

the surgeon should proceed with vascular inflow control.

It is recommended that resections are performed ana-

tomically. Intraoperative anatomic definition of the limits

of sections to be resected is obtained by a combination of:

(1) external anatomic landmarks including the umbilical

fissure (i.e., the round and falciform ligaments) and gall-

bladder fossa; (2) selective devascularization or clamping

to create ischemic demarcation lines; and (3) IOUS used to

identify the plane of the middle and right hepatic veins and

the plane of portal bifurcation.

Methods of inflow control

For precise inflow control, the relation between the tumor

and the portal pedicle must be clearly defined using pre-

operative simulation and IOUS. Before dividing the liver

parenchyma, a surgeon should isolate and divide (or ligate)

the sectional pedicle. After the pedicle is divided or ligated,

a clear parenchymal demarcation will appear and delineate

the borders of the particular anatomic section. This

demarcation facilitates sectional resection by serving as a

guide for parenchymal transection. Three general approa-

ches have been described for achieving vascular inflow

control: (1) intrahepatic control of the pedicle during

parenchymal transection [14]; (2) extrahepatic dissection

within the porta hepatis with division of the corresponding

sectional hepatic artery and portal vein prior to division of

the parenchyma [15]; and (3) extrahepatic control of the

corresponding pedicle prior to parenchymal transection

[16, 17]. In general, it is not advised to proceed with liver

resection before inflow control can be achieved.

Methods of outflow control

Temporary control of the hepatic veins during parenchymal

transection assists in minimizing blood loss [18]. Isolation

of the right hepatic vein is initiated by completely mobi-

lizing the right liver. The triangular and coronary ligaments

are divided and the adrenal gland is dissected off the back

of the right liver. The multiple short venous branches are

controlled with ligatures. After the vena cava drops away

from the posterior surface of the liver, the confluence of the

right hepatic vein and the IVC is visualized from above and

below. The right hepatic vein is then isolated and tempo-

rarily clamped with a pediatric vascular clamp to facilitate

parenchymal dissection.
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Isolation of the middle and left hepatic veins requires

mobilization of the left lobe. Dissection is performed in the

region of the ligamentum venosum, between the back of

the left lobe and the caudate lobe (see below). Because the

left hepatic vein and the middle hepatic vein fuse to form a

common venous trunk in 60% of patients [19], it is

essential to visualize the confluence of these two veins

precisely before applying a vascular clamp. For temporary

occlusion, it is often easier to control both the left and

middle veins at their common trunk.
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Right hepatic veinC

Middle 
hepatic vein

D

Right anterior 
sectional pedicle

Right posterior 
sectional pedicle

E F

HG

Right hepatic vein

Middle 
hepatic vein

Stump of 
right anterior 
sectional pedicle

Fig. 1 Preoperative simulation

for right anterior sectionectomy

in a patient with hepatocellular

carcinoma (HCC). Axial

computed tomography (CT)

shows the HCC in right anterior

section (arrowheads) during the

arterial phase (a) and the venous

phase (b). c Integrated three-

dimensional (3D) images show

the relation between the tumor

and the right anterior and

posterior portal pedicles.

d Hepatectomy simulation for

right anterior sectionectomy.

Note the close relationship

between the tumor and the right

and middle hepatic veins.

e Temporary clamping of the

right anterior portal pedicle

showed a demarcation line

among the right anterior, the

right posterior, and the left

medial sections (yellow and
white arrowheads). f While the

right anterior section is lifted

up, the right intersectional plane

is dissected to expose the right

hepatic vein trunk

(arrowheads). Liver cut surface

of right anterior sectionectomy.

Note the close proximity

between the predicted (g) and

actual (h) cut surfaces. The

actual liver cut surface showing

the stump of the right anterior

portal pedicle, and the right

(yellow arrowheads) and the

middle (white arrowheads)

hepatic veins
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Specific technical features

Right anterior sectionectomy

Patients with right lobe lesions that involve both segments

5 and 8 may be treated with a right anterior sectionectomy

[15]. After a J-shaped incision is made and the right liver is

mobilized, IOUS is performed to confirm the preopera-

tively defined anatomical configuration of the tumor and of

the major vessels. The suprahepatic bare area of the liver is

exposed to display the middle hepatic vein and suprahe-

patic IVC. Inflow control can be obtained by individual

dissection of the right anterior hepatic artery and portal

vein. An important alternative to this individual dissection

of the hilar structures is the Glisson’s pedicle transection

technique, using the extrahepatic approach [16, 20, 21].

Division of the right anterior sectional pedicle establishes

inflow control.

After cholecystectomy, connective tissue (cystic plate)

covering the right portal pedicle is removed from the liver

bed to expose the hepatic hilum. Dissection is carried out

between the right and left portal pedicles. Fine portal

branches are ligated and divided to avoid bleeding. Further

dissection is performed behind the right main portal pedi-

cle, which is then taped (Fig. 2). Special care should be

taken not to damage the first branch of the right portal

pedicle, which comes off early and posteroinferiorly to

supply the right paracaval portion of the caudate lobe. As

described by Batignani [17], portal structures passing to the

caudate lobe can be avoided by palpation with the tip of the

clamp. Dissection of the liver tissue covering the right

main portal pedicle facilitates exposure of the right anterior

pedicle. Curved forceps are gently passed around the right

anterior pedicle under direct vision. At the time of taping, it

is important not to damage the right posterior bile duct,

which usually runs behind the origin of the right anterior

portal vein. Thus, the right anterior sectional pedicle is

taped (Fig. 2). When the right anterior sectional pedicle is

clamped and the right posterior sectional pedicle is left

intact, 2 lines of demarcation extending along the right

intersectional plane and the principal plane (Rex–Cantlie’s

line) will develop (Fig. 3). The liver parenchyma is ready

for transection along both ischemic lines, resulting in 2 cut

surfaces. After single ligation of the anterior pedicle, its

division may be left until the final stage of parenchymal

dissection, especially in the case of a large tumor occu-

pying the hepatic hilum. The hilar structures, especially

bile ducts displaced by a large tumor, may be safely divi-

ded later during parenchymal transection.

The resultant demarcation of liver parenchyma provides

an accurate guide for parenchymal transection. Inflow

control is obtained by an intermittent Pringle maneuver

(15-min clamping periods separated by 5-min intervals). In

patients with liver cirrhosis, alternative selective clamping

of the left and right portal pedicles may be performed to

avoid the prolonged liver ischemia that would be produced

by total inflow occlusion during the dissection [22]. This

technique allows preservation of blood flow to the

remaining liver. During the dissection between the right

anterior and the left medial sections, the left portal pedicle

is clamped instead of Pringle maneuver. During the dis-

section between the right anterior and posterior sections,

the right main portal pedicle is clamped instead of the

Pringle maneuver.

During parenchymal transection between the right

anterior and the left medial sections, the draining vein from

segment 5 is ligated and divided (Fig. 4). While paren-

chymal dissection is performed cranially leaving the mid-

dle hepatic vein trunk intact, the ventral branch of the

draining vein from segment 8 is ligated and divided

(Fig. 5). The anterior fissure vein close to the origin of the

middle hepatic vein is ligated and divided on the comple-

tion of dissection along the Rex–Cantlie’s line (Fig. 6).

Gallbladder bed Ligamentum teres

Fig. 2 Dissection of the hepatic hilum. The right main portal pedicle

and the right anterior portal pedicle are detached from the inferior

liver parenchyma of segments 4 and 5. The right main and the right

anterior portal pedicles are encircled en masse

Ischemic demarcation 
area of right anterior 

section

Fig. 3 Ligation of the anterior portal pedicle and marking of the

ischemic demarcation area. The distribution of color change in the

right anterior section can be confirmed by temporary occlusion of the

right anterior pedicle and marked by diathermy. The right anterior

pedicle is then ligated

J Hepatobiliary Pancreat Sci (2012) 19:54–66 57

123



When the hepatic hilum is opened, the right anterior sec-

tional pedicle is divided safely (Fig. 7). The application of

a straight-bladed vascular clamp is the safest method of

transecting the right anterior pedicle. The proximal stump

of the right anterior pedicle is oversewn with continuous

non-absorbable suture material. Alternatively, curved for-

ceps are gently passed around the right anterior pedicle

under direct vision, followed by transfixing double ligation

and division of the pedicle. It is worth emphasizing not to

simply ligate and transect the pedicle, because the pedicle

stump is short and tends to slip unless transfixed. While the

right anterior section is lifted up, the right intersectional

plane is dissected along the right intersectional line of

demarcation (Fig. 8). While parenchymal dissection is

performed cranially leaving the right hepatic vein trunk

intact, the dorsal branch of the draining vein from segment

8 is ligated and divided (Fig. 9).

Significant bleeding may occur from branches of the

right hepatic vein. Dissection carried out under low central

venous pressure allows bleeding from the transected

branches of the right hepatic vein to be visualized and

controlled. Extrahepatic outflow control of the right hepatic

vein is useful for a large tumor adjacent to the right hepatic

vein or vena cava, to avoid major hemorrhage due to

accidental laceration of the vein. The right hepatic vein can

be clamped temporarily in combination with inflow

clamping, resulting in right liver vascular exclusion [23].

The dissection along the line of the right intersectional

plane is eventually united with the initial hepatotomy along

the Rex–Cantlie’s line. After complete resection of the

right anterior section, the right and middle hepatic veins are

left intact and visible (Fig. 10). The ligated branches of the

right and middle hepatic veins are also visible, as well as

the divided right anterior sectional pedicle, which arises

from the right portal pedicle.

Fig. 4 Division of the draining vein from segment 5 (V5) during

parenchymal transection between the right anterior and the left medial

sections. When the transection reaches the middle hepatic vein along

the principal plane, the draining vein from segment 5 is ligated and

divided

Middle hepatic vein

Fig. 5 Preservation of the middle hepatic vein trunk and division of

the ventral branch of the draining vein from segment 8 (V8v). While

parenchymal dissection is performed cranially leaving the middle

hepatic vein trunk intact, V8v is ligated and divided

Middle hepatic vein

Fig. 6 Division of the anterior fissure vein and completion of

dissection between the right anterior and the left medial sections. The

anterior fissure vein close to the origin of the middle hepatic vein is

ligated and divided

Fig. 7 Division of the right anterior portal pedicle. The previously

ligated right anterior portal pedicle at the hilum is divided
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Right posterior sectionectomy

Resection of the right posterior section (segments 6 and 7)

requires complete mobilization of the right liver and divi-

sion of the retrohepatic veins that enter the IVC. Inflow

control is obtained by securing the right posterior sectional

pedicle (Fig. 11). After cholecystectomy, connective tissue

covering the right portal pedicle is removed from the

gallbladder bed to expose the hepatic hilum. The right

posterior sectional pedicle lies within the base of Rouvi-

ere’s sulcus, which is a groove at the inferior surface of the

liver near the gallbladder bed. To isolate the sectional

pedicles, liver tissue at the base of segments 5 and 6 is

lifted off by blunt dissection or with an ultrasonic dissector

[24]. Although it may be possible to isolate the right pos-

terior sectional pedicle by passing a clamp between the

sectional pedicles, this may sometimes result in the isola-

tion of only the pedicle of segment 6. The reason is that the

pedicle to segment 7 may come off very early and poste-

riorly from the right main pedicle, and be missed. Alter-

natively, a tape is passed around the right anterior sectional

pedicle first (Fig. 12). The upper end of the tape around the

right main pedicle is then passed behind the right anterior

pedicle. The two ends of the tape are pulled to encircle the

right posterior sectional pedicle. Using this ‘Glissonean

pedicle transection method’, the right main and sectional

pedicles may be isolated without any inflow occlusion or

hepatotomies [20]. The distribution of color change in the

right posterior section can be confirmed by temporary

occlusion of the right posterior pedicle (Fig. 13). The right

posterior sectional pedicle is then divided (Fig. 14).

The resultant demarcation of liver parenchyma provides

an accurate guide for parenchymal transection. This plane

of dissection is just posterior to the right intersectional

plane. Transection is performed using right portal pedicle

clamping or portal triad clamping. After the peripheral

Middle hepatic vein

Fig. 8 Dissection between the right anterior and posterior sections.

While the right anterior section is lifted up, the right intersectional

plane is dissected along the right intersectional line of demarcation

Right hepatic 
vein

Fig. 9 Preservation of the right hepatic vein trunk and division of the

dorsal branch of the draining vein from segment 8 (V8d). While

parenchymal dissection is performed cranially leaving the right

hepatic vein trunk intact, V8d is ligated and divided

Right hepatic vein Middle hepatic vein

Stump of right anterior pedicle

Fig. 10 Cut surface on completion of right anterior sectionectomy.

The liver cut surface shows the stump of the right anterior portal

pedicle, and the preserved right and middle hepatic veins

Fig. 11 Taping of the right main and the right posterior portal

pedicles. The posterior portal pedicle is encircled en masse, avoiding

injury to the right posterior bile duct. The liver parenchyma may be

dissected along Rouviere’s sulcus to expose the origin of the right

posterior pedicle
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draining vein from segment 6 is ligated and divided during

parenchymal dissection along the right intersectional plane,

the right hepatic vein trunk is identified and exposed

(Fig. 15). Parenchymal dissection is continued cranially

along the right hepatic vein trunk, which is left intact

(Fig. 16). Temporary clamping of the right hepatic vein

adjacent to the vena cava permits swift repair of any

venous laceration that has been caused during parenchymal

transection.

Fig. 12 ‘Glissonean pedicle

transection method’ for taping

of the right posterior pedicle.

a After the right anterior pedicle

is taped, curved forceps are

passed behind the right main

portal pedicle. b The right main

pedicle is taped. c The curved

forceps are passed behind the

right anterior pedicle to hold the

upper end of the tape around the

right main pedicle. d The tape is

pulled out to encircle the right

posterior pedicle

Ischemic demarcation area 
of right posterior section

Fig. 13 Ligation of the right posterior pedicle and marking of the

ischemic demarcation area. The distribution of color change in the

right posterior section can be confirmed by clamping of the right

posterior pedicle and marked by diathermy

Fig. 14 Division of the right posterior pedicle. The right posterior

pedicle is ligated and divided
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After complete resection of the right posterior section,

the right hepatic vein is left intact and visible. The ligated

branches of the right hepatic vein and the divided right

posterior sectional pedicle are also visible (Fig. 17).

Left medial sectionectomy

A bilateral subcostal incision with upper midline extension

is used for left medial sectionectomy. The beginning of the

left medial sectionectomy involves dissection of the liga-

mentum teres and the falciform ligament. After cholecys-

tectomy, the portal triad is encircled with umbilical tape

and clamping is applied with a tourniquet. Mobilization of

the liver is carried out by division of the bilateral triangular

and coronary ligaments. The bridge of liver tissue that joins

segments 3 and 4 at the base of the umbilical fissure is

divided using electrocautery. The hilar plate is lowered

using sharp dissection at the base of segment 4. This

maneuver exposes the left portal vessels, which reside

within the umbilical fissure. Dissection of the hilar plate at

the base of segment 4 results in exposure of the cranial and

caudal segment 4 portal pedicles (Fig. 18). When the

segment 4 pedicles are clamped temporarily, 2 lines of

demarcation along the falciform ligament and the Rex–

Cantlie’s line develop, showing the ischemic demarcation

area of segment 4. Then the segment 4 pedicles are divided,

taking care to preserve the left main portal pedicle

(Fig. 19). To avoid injury to the left main hepatic duct, it is

important that the hilar plate is detached and lowered from

the undersurface of segment 4, especially in the case of a

large tumor displacing the left hepatic duct.

Inflow control is obtained with the Pringle maneuver. In

patients with liver cirrhosis, alternative selective clamping

of the left and right portal pedicles may be performed to

reduce ischemic liver damage during the dissection. During

the dissection between the left medial and lateral sections,

Right hepatic 
vein

Fig. 15 Identification of the peripheral branch and main trunk of the

right hepatic vein. After the peripheral draining vein from segment 6

is ligated and divided during parenchymal dissection along the right

intersectional plane, the right hepatic vein trunk is identified and

exposed

Right hepatic vein

Fig. 16 Preservation of the right hepatic vein trunk during dissection

between the right anterior and posterior sections. Parenchymal

dissection is continued cranially along the right hepatic vein trunk,

which is left intact

Right hepatic vein

Stump of right posterior pedicle

Fig. 17 Cut surface of the liver after right posterior sectionectomy.

The right hepatic vein is exposed when parenchymal transection

between the right anterior and posterior sections is completed

Fig. 18 Exposure of the umbilical fissure, and taping of the cranial

and caudal segment 4 pedicles. The cranial and caudal segment 4

pedicles are encircled by opening the liver parenchyma to the right

side of the umbilical fissure

J Hepatobiliary Pancreat Sci (2012) 19:54–66 61

123



the left main pedicle is clamped instead of the Pringle

maneuver. During the dissection between the left medial

and right anterior sections, the right main pedicle is

clamped instead of the Pringle maneuver.

The parenchymal transection is performed along the two

demarcated planes. Dissection is initiated anteriorly along

the demarcation line just to the right of the falciform lig-

ament and continued until the origin of the middle hepatic

vein is exposed (Fig. 20). The parenchymal dissection

proceeds down to the base of the umbilical fissure. The

second line of parenchymal division is developed along the

Rex–Cantlie’s line towards the vena cava dorsally. After

the peripheral draining vein from segment 4 is ligated and

divided, the middle hepatic vein is identified (Fig. 21).

Parenchymal dissection is continued cranially along the

middle hepatic vein trunk, which is left intact (Fig. 22).

The cranial branch of the middle hepatic vein is ligated and

divided. Caution must be exercised to preserve the trunk of

the left hepatic vein. After the two initial parenchymal

divisions are performed, a transverse dissection is made

along the ventral aspect of segment 1 to join the posterior

ends of the previous parenchymal divisions. If the tumor is

located deep in segment 4, the transverse dissection should

be carried out along the ventral surface of the IVC. The

middle and left hepatic veins are exposed when the left

medial sectionectomy is completed (Fig. 23).

Left lateral sectionectomy

Segments 2 and 3, comprising the left lateral section of the

liver, are resected by approaching the portal triads to

Fig. 19 Inflow control and demarcation area of segment 4. After the

cranial and caudal segment 4 pedicles are ligated and divided, the

ischemic demarcation area is marked by diathermy

Middle hepatic vein

Fig. 20 Exposure of the origin of the middle hepatic vein during

dissection between the left medial and lateral sections. Parenchymal

dissection is continued cranially along the falciform ligament until the

origin of the middle hepatic vein is exposed

Fig. 21 Identification of the peripheral branch and main trunk of the

middle hepatic vein. After the peripheral draining vein from segment

4 is ligated and divided during parenchymal dissection along the Rex–

Cantlie’s line, the middle hepatic vein trunk is identified and exposed

Middle hepatic 
vein

Fig. 22 Preservation of the middle hepatic vein trunk and division of

the cranial draining vein from segment 4. Parenchymal dissection is

continued cranially along the middle hepatic vein trunk, which is left

intact. The cranial branch of the middle hepatic vein is ligated and

divided. The origin of the left hepatic vein is also exposed and

preserved
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segments 2 and 3 in the umbilical fissure. If present, the

bridge of tissue between segments 3 and 4 is divided by

diathermy. The left lateral section is mobilized by division

of the left triangular and coronary ligaments. Care must be

taken not to damage the spleen close to the left of the

triangular ligament.

Inflow control is achieved by isolation of the pedicles to

segments 2 and 3 within the umbilical fissure to the left of

the portal triad. Individual ligation of the segmental pedi-

cles allows demarcation of the relevant parenchyma and

guides resection. This approach is important in allowing

tumor clearance for lesions close to the umbilical fissure. It

should be noted that Spiegel lobe branches arise from the

posterolateral aspect of the left portal pedicle. Failure to

preserve these branches will devascularize the Spiegel

lobe.

The parenchymal transection proceeds towards the duct

of Alantius, thus separating the left lateral section from the

anterior surface of the Spiegel lobe. As the liver tissue is

opened, the origin of the left hepatic vein is exposed cra-

nially and can be controlled. The left hepatic vein can be

secured using a vascular clamp within the liver substance,

divided, and oversewn with a continuous suture. The

middle hepatic vein must be preserved to avoid congestion

of segment 4 when the left hepatic vein is transected at its

origin.

If the tumor is located close to the junction of the left

and middle hepatic veins, extrahepatic dissection and

control of the vein should be performed. After the left

hepatic vein and suprahepatic vena cava are exposed, the

gastrohepatic ligament is divided and the ligamentum

venosum is identified (Fig. 24). Division of the ligamentum

venosum close to its entry into the left hepatic vein opens

up a triangular tunnel, the sides of which are the left

hepatic vein anteriorly, the anterior surface of the vena

cava posteriorly, and the upper surface of segment 2

inferiorly. This tunnel is carefully dissected and the left

hepatic vein is taped. Securing the left hepatic vein is of

great importance in controlling hemorrhage during the

resection of large left-sided tumors.

Dos and Don’ts

1. When the main and sectional pedicles are taped, care

must be taken not to injure the bile duct and caudate

branches.

2. Before the sectional portal pedicle is divided, it is

important to ensure that damage to the blood supply

and biliary drainage of the remaining liver is avoided.

The ischemic demarcation area intended for resection

should be confirmed by temporary clamping of the

corresponding portal pedicle prior to its division.

Middle hepatic 
vein

Left hepatic vein

Stump of segment 4 pedicles

Fig. 23 Liver cut surface after left medial sectionectomy. After the

left medial sectionectomy, the middle and left hepatic veins are

exposed

a b

Fig. 24 Approach and dissection of the left hepatic vein. a Exposure

of the ligamentum venosum. The left lateral section is turned to the

right and the ligamentum venosum is exposed. b Division of the

ligamentum venosum allows exposure of the window between

the vena cava and the left hepatic vein. By dissecting this space,

the left hepatic vein can be encircled separately (black curved arrow)

or together with the middle hepatic vein (white curved arrow) at its

origin
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3. The application of a vascular clamp is a safe method of

transecting the sectional portal pedicle. If the pedicle is

ligated, it should be transfixed and double ligated.

4. When a bile leak is repaired, caution must be exercised

to prevent biliary stenosis, especially after right

anterior and left medial sectionectomies. Intraopera-

tive cholangiography is recommended to make sure of

the patency of the remaining sectional bile ducts in

patients with tumors close to the hepatic hilum.

5. It is important that hemostasis of the preserved hepatic

vein on the liver cut surface is checked repeatedly.

When the liver is repositioned, bleeding from venous

pores that was previously stopped may recur.

Discussion

Anatomic liver resections are based on an understanding

of functional hepatic anatomy, particularly the relation

between the portal pedicles and the hepatic veins. The use

of the Glisson’s pedicle transection or ligation technique

has assisted surgeons in performing anatomic resections

[14, 16]. This approach is safe and enables precise tran-

section of the tumor-bearing portal pedicle, leaving the

other pedicles of the remaining liver intact. Pedicle ligation

also guides parenchymal transection by indicating demar-

cation lines on the liver. In recent years, a preoperative

simulation system has allowed the stereoscopic identifica-

tion of the tumor-bearing portal vein and draining vein

based on hepatic perfusion data [6, 25].

Anatomic sectionectomies are safe alternatives to

extensive liver resections in selected patients. They avoid

unnecessary sacrifice of functional parenchyma, prevent

postoperative liver failure in patients with underlying liver

disease, and enhance the possibility of repeat liver resec-

tions. There are benefits of preserving the liver parenchyma

both in cirrhotic and non-cirrhotic patients. For the cir-

rhotic patients, preserving the liver parenchyma makes

resection possible in the setting of diminished hepatocel-

lular function. For the non-cirrhotic patients, such preser-

vation enhances postoperative recovery and facilitates the

resection of multiple hepatic lesions. Considering the

safety, oncologic efficacy, and utility of anatomic resec-

tion, hepatic sectionectomy is an appropriate surgical

approach for limited neoplasms of the liver.

The advantage of anatomic hepatectomy in terms of tumor

clearance is that the entire territory of the feeding portal ped-

icle is resected. This is of particular importance for patients

with HCC, given the well-described propensity of this neo-

plasm to grow by intraportal extension [26]. Indeed, vascular

invasion and intrahepatic metastasis are among the risk factors

that most strongly influence the postoperative prognosis

[27, 28]. Therefore, the eradication of intrahepatic metastasis

is the most crucial consideration for improving the surgical

outcome in HCC. Anatomic resection is theoretically effective

for the systemic eradication of intrahepatic metastasis in rel-

evant hepatic sections or segments confined by tumor-bearing

tributaries. Anatomic resection has been reported to yield

better 5-year overall and disease-free survival rates for a single

HCC than non-anatomic resection [29]. Scheele et al. [30] and

Hughes et al. [31] reported that anatomic resection was also

effective for liver metastasis from colorectal cancer, while

non-anatomic resections produced rates of margin positivity as

high as 20–30% and resulted in diminished survival.

Liver resection offers a potential cure for a hepatic

neoplasm when the surgical margin is clear of tumor.

Anatomic sectionectomies may be associated with smaller

margins than extensive hepatectomies. However, several

studies including large numbers of patients with HCC [32–

34], cholangiocellular carcinoma [35], and colorectal

metastases [36–38] showed no negative effect on survival

of a \10-mm margin. In addition, sectionectomies may

increase the opportunity to perform repeat resection, which

has been reported to improve survival rates both in HCC

[39, 40] and colorectal metastases [41–43].

Glisson described the connective tissue capsule sur-

rounding the liver substance, which bears his name, in

1645, although Valeous had already described connective

tissue surrounding the structures at the hilum of the liver in

1640 [44]. Couinaud [45] demonstrated that the structures

of the portal triad are contained by a well-formed sheath

(Glisson’s capsule) and penetrate the liver parenchyma as

they repeat ramification. Inflow control can be obtained by

a pedicle ligation technique, which encircles sectional

portal structures within the sheath and ligates them. Vari-

ations of the intrahepatic anatomy are so common that

confirmation should always be sought by clamping each

pedicle with a vascular clamp, with the main hepatic

pedicle remaining unclamped. Color changes in the liver

substance then identify the precise boundaries of the sec-

tion that the pedicle supplies.

Biliary injury is an ‘Achilles heel’ in hepatic resection

and occurs most commonly when tumors are located close

to the liver hilum, or as a result of variations in biliary

anatomy. The pedicle ligation approach has an advantage

because it obviates hilar dissection and minimizes the risk

of biliary injury to the remaining liver. The left bile duct

has a long extrahepatic course and can be identified

beneath segment 4 behind the portal vein. In left medial

sectionectomy, lowering the hilar plate is important to drop

the portal structures off the base of segment 4 and expose

the left hepatic duct. When a right sectional pedicle ligation

cannot be performed in case of a tumor close to the hilum,

extrahepatic dissection is performed with individual isola-

tion of the sectional portal vein and hepatic artery.
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However, the biliary tree can be divided within the liver at

the final stage of parenchymal dissection to prevent injury

to the remaining sectional bile ducts.

The complexity and variability of the hepatic vascula-

ture increases the technical difficulty of anatomic hepa-

tectomy procedures. Moreover, impaired hepatic function

in HCC patients restricts the volume of liver tissue that

can be resected [4, 5]. Therefore, accurate preoperative

assessment of the anatomy, resection volume, and surgical

margin is crucial for performing safe and curative anatomic

hepatectomy. We have reported the accuracy and useful-

ness of simulation based on multidetector computed

tomography scanning for the planning of anatomic liver

resection, liver transplantation, and laparoscopic hepatec-

tomy [6, 7, 25, 46]. The 3D simulation system allowed

stereoscopic identification of the tumor-bearing portal vein

and draining vein based on hepatic perfusion data. Simu-

lation provided detailed preoperative planning for hepa-

tectomy, including accurate prediction of the liver

resection volume and surgical resection margin. The sur-

gical resection margin could not be estimated previously.

Thus this accurate prediction assisted in the curative

resection of neoplastic lesions. The simulation system can

be used not only to facilitate intraoperative procedures, but

also to rehearse maneuvers preoperatively [47]. Based on

the results of the simulation, surgeons can obtain precise

knowledge about the position of crucial anatomic land-

marks that formerly could not be visualized.

In conclusion, anatomic sectionectomies can achieve

curative resection, preserving the liver parenchyma.

Therefore, anatomic sectionectomy could be performed

as a safe alternative to extensive hepatectomies, both in

cirrhotic and non-cirrhotic patients with tumors located

centrally or in the vicinity of major intrahepatic vessels.

Preoperative planning with this simulation system is useful

for anatomic hepatectomies, including sectionectomies.
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