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Surgical benefits of liver hanging maneuver for hepatectomy of huge liver tumor
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ABSTRACT

Background. In hepatic surgery, it is very
important to control bleeding during liver resec-
tion. However, in hepatectomy for a huge liver
tumor it is often difficult to reduce bleeding vol-
ume and maintain an excellent surgical view.
The anterior approach, which is hepatectomy
done using the liver hanging maneuver, has
beneficial effects reducing bleeding volume and
preventing scattering of cancer cells from huge
liver tumors. We investigated the surgical bene-
fits of the liver hanging maneuver during he-
patectomy for huge liver tumors in our depart-
ment.

Materials and Methods.  Between April 2003
and August 2008, we reviewed 182 patients who
had to undergo liver resection in our depart-
ment. The diagnoses of these patients were 114
cases of hepatocellular carcinoma, 48 of colorec-
tal metastasis, 6 of echinococcus, 5 of heman-
gioma, 5 of cholangiocellular carcinoma, 2 of fo-
cal nodular hyperplasia, 1 of angiomyolipoma,
and 1 of embryonal sarcoma. In the huge-tumor
group, with tumor diameters of 10 cm or more,
20 patients underwent liver resection. In the
small and medium-sized tumor groups, in which

the tumors were 5 c¢cm or less and between 5
and 10 cm in diameter, respectively, 124 and 38
patients underwent liver resection, respectively.
Twelve patients underwent right or left lobec-
tomy in the huge-tumor group. Of these, 8 pa-
tients underwent liver resection using the hang-
ing maneuver.

Results.  The mean maximum tumor diame-
ter, operation time, and amount of bleeding vol-
ume in the huge-tumor group were significantly
larger, longer, and larger, respectively, than
those of the small and medium groups. We
found that the intraoperative bleeding volume of
the group in which the hanging maneuver was
used was significantly smaller than that of the
group in which it was not for patients who un-
derwent right or left lobectomy in the huge-tu-
mor group

Conclusions. The liver hanging maneuver is
useful when liver tumors are 10 cm or more in
diameter because it can reduce the intraopera-
tive bleeding volume. However, the hanging ma-
neuver must be conducted carefully to prevent
bleeding in the retrohepatic IVC areas.
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INTRODUCTION

In hepatectomy for huge liver tumors, it is
very difficult to operate because the surgical
view cannot be maintained. Several reports™
showed that liver mobilization for huge liver tu-
mors increases the risks for bleeding, tumor cell
dissemination, and hemodynamic instability. The
"anterior approach”, which was established by
Lai et al” is said to reduce these risks during
liver mobilization. Furtheremore, when a huge
tumor exists in the liver, there is often conges-
tion of hepatic veins due to pressure or obstruc-
tion by the huge tumor™. Therefore, there is
much blood loss during the hepatic transection,
especially deeper parenchymal transection. It is
reported that the liver hanging maneuver is
useful in several types of major hepatectomy®.
The aim of this study was to investigate the
surgical benefits of the hanging maneuver in pa-
tients with huge liver tumors treated in our de-

partment.

METHODS

Patients

We reviewed 182 patients with a mean age
of 629 years (range: 22-86 years) who under-
went liver resection at the First Department of
Surgery, Sapporo Medical University School of
Medicine, between April 2003 and August 2008.
The clinicopathological features and surgical
treatments of the 182 patients are summarized
in Table 1. In the huge liver tumor group, in
which tumor diameter was 10 ¢cm or more, 20
patients with a mean age of 56.0 years (range:
29-79 years) underwent liver resection. In the
small liver tumor group, in which in tumor di-
ameter was 5 cm or less, 124 patients with a
mean age of 63.7 years (range: 34-86 years) had
to undergo liver resection. In the medium-sized
liver tumor group, in which tumor diameter was

Table 1 Data for 182 patients who underwent liver resection

Maximum liver tumor diameter (cm)

Small-tumor group(< 5) Medium-sized group(5-10) Huge-tumor group(10 <) P values

Numbers of patients 124 38 20
Age, mean (range) (years) 63.7(34-86) 64.0(22-80) 56.0(29-79) N.S.
Sex, male : female 87 . 37 26 .12 128 N.S.
Remnant liver

NL:CH:LC 47 133 1 44 1101512 13:4:3 p<<0.05
Diagnosis,

HCC 82 23 9 N.S.

Colorectal metastasis 35 10 3

Hemangioma 1 1 3

Echinococcus 3 1 2

cce 2 2 1

Angiomyolipoma 0 0 1

Embryonal sarcoma 0 0 1

FNH 1 1 0
Type of liver resection (%)

right lobectomy 6(4.8%) 6(15.8%) 9(45.0%) p<0.05

left lobectomy 3(2.4%) 4(10.5%) 3(15.0%)

right trisegmentectomy 1(0.8%) 1(2.6%) 2(10.0%)

left trisegmentectoomy 1(0.8%) 2(5.3%) 0

segmentectomy 32(25.8%) 9(24.7%) 6(30.0%)

subsegmentectomy 33(26.6%) 6(15.8%) 0

partial hepatectomy 40(32. 3%) 10(26.3) 0

enucleation 8(6.5%) 0 0
Abbreviations : NL, normal liver ; CH, chronic hepatitis ; LC, liver cirrhosis ; HCC, hepatocellular carcinoma

CCC, cholangiocellular carcinoma ;

FNH, focal nodular hyperplasia; N.S., not significant
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between 5 and 10 cm, 38 patients with a mean
age of 64.0 (range: 22-80 years) underwent liver
resection (Table 1). Various types of liver tu-
mors were diagnosed in the three groups.
There were significantly more patients with
normal liver tissue in the remnant liver of the
huge tumor group than in the other groups (p<
0.05) (Table 1). There were significantly more
patients who received right or left lobectomy
(60%) in the huge tumor group than in the other
groups (p<0.05) (Table 1).

In the huge-tumor group 12 of the 20 pa-
tients had right or left lobectomy. Of these 12
patients, 8 underwent liver resection using the
hanging maneuver (Table 2). There were no sig-
nificant differences between the characteristics
of the patients in the two groups (Table 2).

Surgical procedures

One example of a hepatectomy using the
hanging maneuver is shown in Fig. 1-3. The
maximum liver tumor diameter was about 12
cm in this patient. Abdominal enhanced com-
puted tomography (CT) revealed that the huge
liver tumor, which was diagnosed as hepatocel-
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lular carcinoma (HCC), compressed and
stretched the middle hepatic vein (MHV) to the
left, right hepatic vein (RHV) to the back, and
right portal vein (RPV) (Fig. 1). Based on a pre-
operative examination, we thought that it would
be difficult to resect the deep parenchymal tis-
sue of the paracaval caudate lobe of the liver.
Liver function was very good; the Child-Pugh
grade was A, the liver-damage was grade A,
and ICGR15 (indocyanin green retension at 15
min) was 89 %. We scheduled a right lobec-
tomy preserving the MHV using the liver hang-
ing maneuver. The liver was exposed through
an abdominal incision using a contrary T- or L-
shaped incision (Fig. 3A). The upper surface of
the liver was exposed up to the anterior surface
of the suprahepatic inferior vena cava (IVC)
(Fig. 2A). The space between the right hepatic
vein (RHV) and the middle hepatic vein (MHV)
was dissected and moved 2 to 3 cm downwards
with a right-angled vascular clamp. For caudal
retrohepatic dissection, the caudal edge of the
caudate lobe was lifted from the IVC, and small
short hepatic veins were divided and ligated up
to the level of the inferior RHV (Fig. 2C). The

Table 2 Data for patients who underwent right or left lobectomy in the huge group

Hanging maneuver

(+) () P values

Numbers of patients 8 4
Age, mean(range)(years) 59.5(39-79) 58.0(49-66) N.S.
Sex, male : female 6:2 3:1 N.S.
Maximum tumor diameter, mean = SD (cm) 1 £ 2.0 12.9 = 2.2 N.S.
Operation time, mean = SD (min) 9 + 228 896 = 525 N. S.
Remnant liver

NL :CH:LC 1:1 3:0:1 N.S.
Diagnosis,

HCC 4 1 N.S.

Colorectal metastasis 2 0

Hemangioma 1 0

Echinococcus 1 1

ccc 0 1

Angiomyolipoma 0 1
Type of liver resection

right lobectomy 6 3 N.S.

left lobectomy 2 1

Abbreviations: NL, normal liver; CH, chronic hepatitis; LC, liver cirrhosis; HCC, hepatocellular carcinoma;
CCC, cholangiocellular carcinoma; FNH, focal nodular hyperplasia; N.S,, not significant;

SD, standard deviation
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Fig. 1

Fig.2

A and B, a liver huge tumor exists between the middle hepatic vein (MHV) and right hepatic vein (RHV),
and presses and stretches these hepatic veins. * is the anterior surface of the inferior vena cava (IVC) be-
tween the 10 and 11 o'clock positions. C-F, the liver huge tumor presses the right portal vein (RPV) and
IVC, and exists inan extrahepatic projection.

A, the upper surface of the liver is exposed up to the anterior surface of the suprahepatic inferior vena cava
(IVC). The space (*) between the root of the right hepatic vein (RHV) and the root of the middle hepatic vein
(MHV)is dissected and moved 2 to 3 cm downwards with a right-angled vascular clamp. B, a 6-mm-wide
soft Penrose drain is grasped with the clamp and pulled down through the retrohepatic space for the hang-
ing maneuver. C, for caudal retrohepatic dissection, the caudal edge of the caudate lobe is lifted from the
IVC, and small short hepatic veins are divided and ligated up to the level of the inferior RHV. * is the space
of the IVC between the 10 and 11 o'clock positions for the hanging maneuver. To reduce the risk of bleeding
during the hanging maneuver, we controlled the infrahepatic IVC with tape.
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Right main
olisson

A, the liver is exposed through an abdominal incision using a contrary T-shaped incision. The tapes dividing
and controlling the hepatic pedicle for the Pringle maneuver, common bile duct, right portal vein and right
hepatic artery, respectively, are shown. B, During liver resection, we transected the right main glisson. C,
we suspended the drain tape during the hepatic transection. This liver hanging maneuver technique helps
to reduce hepatic venous backflow bleeding, especially with deeper parenchymal transection. D, right lobec-
tomy of the liver preserving the patency of the middle hepatic vein (MHV) and inferior vena cava (IVC).

right-angled vascular clamp was inserted be-
hind the caudate lobe just to the left of the RHV
and passed cranially along the anterior surface
of the IVC between the 10 and 11 o'clock posi-
tions (* in Fig. 1A and B, Fig. 2A and 2C), by
carefully opening and closing the clamp, toward
the previously dissected space between the
RHV and MHV until the clamp tip reached the
suprahepatic space. Normally, we can perform
retrohepatic dissection without encountering
any resistance. When adhesion or pressure be-
tween the IVC and liver is severe due to previ-
ous surgery or inflammation and the huge tu-
mor in the caudal part of the retrohepatic IVC
causes resistance to the dissection, the retrohe-
patic dissection is discontinued. A 6-mm-wide
soft Penrose drain was grasped with our clamp
and pulled down through the retrohepatic space
(Fig. 2B). We usually perform hepatic parenchy-
mal transection with intermittent clamping of
the hepatic pedicle (Pringle maneuver”) via irri-

gated monopolar coagulation using Dissecting
Sealer 35c” (TissueLink Medical, USA) and an
ultrasonic surgical aspirator (CUSA EXcel™) (In-
tegra LifeSciences Corporation, USA). We sus-
pended the drain tape during the hepatic trans-
action (Fig. 3C). This liver hanging maneuver
technique helps to reduce venous back flow
bleeding, especially during deeper parenchymal
transection (Fig. 3C). Before the liver resection,
we performed dissection of a coronary and tri-
angle ligament of the liver. However, it is very
difficult to obtain a view for the dissection of
these ligaments because a huge tumor prevents
a surgical view. We often perform the parenchy-
mal transection before the dissection of these
ligaments in the case of a huge tumor.

Statistical Analysis

Data are expressed in the form of mean *
standard deviation (SD). Comparisons were per-
formed using the Kruskal Wallis test and the
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unpaired Student's t-test. Statistical analysis
was performed using the StatView 5.0 software
package (Abacus Concepts, Inc., Berkeley, CA).
The difference between means was considered
significant when p<0.05.

RESULTS

In the 20 patients of the huge-tumor group,
the mean *standard deviation (SD) maximum
tumor diameter, operation time, and amount of
bleeding were 132 £ 24 cm, 571 = 323 min,
and 1,524 = 1,390 ml, respectively (Fig. 4). In
the 124 patients of the small-tumor group, the
mean * standard deviation (SD) maximum tumor
diameter, operation time, and amount of bleed-
ing were 2.7 = 10 c¢m, 322 £ 126 min, and 489
+ 399 ml, respectively (Fig. 4). In the 38 pa-
tients of the medium-sized tumor group, the
mean = standard deviation (SD) maximum tumor
diameter, operation time, and amount of bleed-
ing were 6.3 £ 14 cm, 450 = 181 min, and 1,003
+ 984 ml, respectively (Fig. 4). The mean maxi-
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operation time, and
amount of bleeding in the huge-tumor group
were significantly larger (p<0.01), longer (p<0.01
and p<0.05), and larger (p<0.05 and p<0.01), re-
spectively, than in the small and medium
groups (Fig. 4). Furthermore, significantly fewer
patients had cirrhosis in the remnant liver in
the huge tumor group than in the other groups.

Subsegmentectomy and partial hepatectomy
were not performed in the huge-tumor group
(Table 1). Major hepatectomy in which a biseg-
ment or more of the liver was resected was sig-
nificantly frequent in the huge-tumor group (p<
0.05) (Table 1).

The characteristics of the patients for
whom the hanging maneuver was used were
not significantly different from those for whom
it was not among the patients who underwent
right or left lobectomy in the huge-tumor group
(Table 2). However, we found that the intraop-
erative bleeding volume (1,094 = 636 ml) of the
group with the hanging maneuver was signifi-
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Mean maximum tumor diameter (A), operation time (B), and bleeding volume (C) in the huge-tumor group
were larger (p<0.01), longer (p<0.01 and p<0.05), and larger, respectively (p<0.05 and p<0.01) than those of
the small and median groups. Furthermore, the mean maximum tumor diameter (A), operation time (B), and
bleeding volume (C) in the medium-sized tumor group were larger (p<0.01), longer (p<0.05), and larger, re-

spectively (p<0.05), than those of the small group.
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cantly less than that (2950 += 2,683 ml) of the
group without the hanging maneuver (p<0.05)
(Fig. 5).
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Intraoperative bleeding volume in the group
(n=8) with the hanging maneuver was signifi-
cantly smaller than that in the group (n=4)
without the hanging maneuver for the 12 of
the 20 patients in the huge-tumor group pa-
tients who underwent right or left lobectomy
(p<0.05).

DISCUSSION

In hepatic surgery, it has been thought that
smaller liver tumors are easier to resect than
larger ones. When a huge tumor exists in the
liver, there are many bleeding points because
such huge tumors are near the main glissons®
and hepatic veins”. Furthermore, huge liver tu-
mors are already advanced, including the exis-
tence of satellite nodules or macrovascular inva-
sion'”. There are several reports"'that patients
who have liver tumors greater than 10 cm in di-
ameter have a poor prognosis. Thus, we consid-
ered that a huge liver tumor was one 10 cm or
more in diameter and evaluated the characteris-
tics of the patients in the huge liver tumor
group. In our study, the intraoperative bleeding
volume was gradually larger the larger the size
of the liver tumor (Fig. 4B). It is very important
to limit intraoperative bleeding volume in the
huge liver tumor group.
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We usually try to do a liver hanging ma-
neuver in all patients with huge liver tumors.
However, the hanging maneuver was used only
for only 8 of the 12 patients (66.7%) who under-
went successful right or left lobectomy of the
liver. Ogata et al”reported that the success rate
with the hanging maneuver was 88.1% in 241
patients for whom major hepatectomy was per-
formed. It was found that the hanging maneu-
ver was very difficult when the liver tumors
were huge. However, the intraoperative bleed-
ing volume in the group in which the hanging
maneuver was possible was smaller than that in
the group for which it was not. On the other
hand, the intraoperative bleeding volume in the
group with tumors 10 cm or less in diameter
was not significantly different from that in liver
resection with or without the hanging maneu-
ver (data not shown). Thus we think that there
are some surgical benefits of trying to perform
the hanging maneuver when the liver tumors
are huge ones.

There are some reports about modified
methods of conducting the liver hanging maneu-
ver. The hanging maneuver is performed blind,
with a risk of damaging the small retrohepatic
veins. To overcome this problem, instead of per-
forming blind dissection using a long vascular
clamp, a flexible choledochoscope', ultrasoni-
cally assisted method”, and a secure technique
utilizing a surgical probe’are used to dissect
the retrohepatic space filled by loose alveolar
tissue anterior to the IVC. We often perform the
hanging maneuver by means of blind dissection
using a vascular clamp. We think that our rate
of success with the hanging maneuver has been
increased by trying touse these safer methods.

In conclusion, the liver hanging maneuver
is useful when liver tumors are 10 cm or more
in diameter because it can be reduce the in-
traoperative bleeding volume. However, the
hanging maneuver must be carefully conducted
to prevent bleeding in the retrohepatic IVC ar-
eas.
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