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Abstract
Background: Liver resection remains the mainstay of curative treatment for liver malignan-
cies. A variety of preoperative assessments and surgical techniques have improved the short-
and long-term outcomes of liver resection in patients with liver tumors. Recently, laparoscop-
ic hepatectomies have been increasingly performed. The aim of the present study is to survey
the current practice of liver surgery in high-volume centers in the world. Methods: A ques-
tionnaire on the preoperative assessment for liver surgery, open hepatectomy, and laparo-
scopic hepatectomy was sent to 94 liver centers in the world. Results: Forty-two centers (45%)
responded to this survey (29 Asian, 9 European, and 4 North American centers). All but one
of the centers evaluated the future liver remnant (FLR) volume, and 95% of them performed
preoperative portal vein embolization to increase the FLR volume. In half of the centers, the
required FLR volume was over 30% in patients with normal liver and 50% in patients with cir-
rhotic liver. To reduce the intraoperative blood loss, half of the centers routinely used Pringle’s
maneuver, and 85% restricted the intraoperative fluid infusion to reduce the central venous
pressure. More than 10 laparoscopic hepatectomies were performed per year in 62% of the
centers, and more than 30 were performed in 26%, respectively. Laparoscopic major hepatec-
tomies were performed in 24%. Two-thirds answered that the laparoscopic approach would
be feasible in donor hepatectomy. Conclusion: The evaluation of FLR volume in patients with
normal or cirrhotic liver and the usage of preoperative portal vein embolization have become
essential practice in more than 90% of the centers. Reduced blood loss has been achieved
using Pringle’s maneuver, restriction of fluid infusion, and a variety of surgical devises. The
laparoscopic approach is increasingly extended to major hepatectomy or donor hepatectomy.
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Introduction

Liver resection represents the mainstay of curative treatment for hepatic malignancies.
Recent progress in preoperative assessments and refinements in surgical techniques have
dramatically improved the safety and prognostic outcomes of liver surgery over the past
two decades. One of the major concerns for liver surgeons is how to evaluate the functional
reserve especially in patients with underlying liver damage due to viral hepatitis, steatosis,
or chemotherapeutic agents. There has been a variety of liver function tests and grading
systems reported in the literature [1-6]. In a previous survey conducted by Breitenstein et
al. [7] in 2007, a wide diversity in the application of liver function tests and in the minimal
future liver remnant (FLR) volume to be preserved was demonstrated among centers as
well as continents. Therefore, it will be meaningful to know the trend of the preoperative
assessment to maintain the safety of liver resection toward the year 2012.

A number of surgical devices and techniques for liver resection have been developed in
order to reduce the intraoperative blood loss [8-23]. It has been reported that the amount
of intraoperative blood loss was associated with the incidence of surgical complications [24,
25], and perioperative blood transfusion have been shown to increase the recurrence rate
of liver malignancies after surgical treatment [26]. Several studies have searched an
advantage of one surgical device or techniques over others to reduce intraoperative blood
loss [9-15]. However, only one study has assessed the trend of the devices and techniques
used during liver surgery [27].

On the other hand, the recent wave of the laparoscopic approach has reached to the field
of liver resection, which is further diversifying the daily practice of liver surgeons. This
survey aimed to address the current trend in liver surgery all over the world, focusing on 3
topics: preoperative assessment, procedures in open hepatectomy, and laparoscopic liver
resection.

Methods

Ninety-four leading hepato-pancreato-biliary centers around the world were invited to participate
in this survey in July 2012 (72 Asian, 13 European, and 9 North American centers). These centers were
selected on the basis of academic achievements and the personal contacts through international confer-
ences. A questionnaire was sent to the centers by e-mail, with a cover letter calling for participation. The
survey was closed in October 2012.

The number of open and laparoscopic liver resections performed in each center per year was filled in
atthebeginning of the questionnaire. The main questionnaire focused on the following 3 topics to evaluate
the current practices in liver surgery: preoperative assessment of liver function and FRL volume, proce-
dures and devices used in open liver surgery, and indications and devices applied in laparoscopic liver
surgery (tables 1-3).

The derived data are expressed as medians with ranges. The best answer was to be selected in each
question, but some centers selected several choices. Hence, the results are demonstrated as the total
number of all answers.

Results

Forty-two centers (45%) responded to the survey (29 Asian, 9 European, and 4 North
American centers). The total number of liver resections per year was 125 (30-785), and the
number of open liver resections per year was 100 (8-700). One-quarter of the centers
performed less than 50 liver resections per year, and another one-quarter performed more
than 150 liver resections.
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Table 1. Questionnaire on the preoperative assessment of liver function and FLR volume

1 Inthe preoperative assessment of liver function reserve, which grading system do you use?
Child-Pugh score

ICGR15 test

Presence or absence of portal hypertension

MELD score

Others, please describe

a0 o

2 Do you evaluate the FLR volume by CT volumetry?
a. Yes, only before hemihepatectomy
b. Yes, before segmentectomy or hemihepatectomy
c. No

3 Do you perform preoperative PVE before hepatectomy?
a. Yes, based on the balance between the hepatic function and the FRL volume calculated by CT volumetry
b. Yes, only before right hemihepatectomy or trisectoriectomy (trisegmentectomy)
c. No
d. Others, please describe

4 Which percentage of FRL volume do you accept without PVE in patients with normal liver function?
20%
25%
30%
35%
40%

® oo o

5 Which percentage of FRL volume do you accept without PVE in patients with impaired liver function?
30% or less

35%

40%

45%

50% or more

oo o

The number of laparoscopic liver resections per year was 14 (0-100). One-quarter of the
centers performed more than 30 laparoscopic liver resections. Five centers (12%, 4 Asian
centers and 1 European center) did not adopt the laparoscopic approach in liver surgery. The
correlation between the number of open and laparoscopic liver resections is shown in figure 1.

Preoperative Assessment of Liver Function and FLR Volume (fig. 2)

Liver Function

To estimate the preoperative liver function, 31 centers (74%, 25 Asian and 6 European
centers) adopted the indocyanine green retention test at 15 min (ICGR15). Only 1 out of the
25 Japanese centers did not choose ICGR15 as the preoperative assessment modality. The
Child-Pugh score was used in 14 centers (33%, 7 Asian, 5 European, and 2 North American
centers). The presence of portal hypertension was taken into account in 7 centers (17%, 3
Asian and 3 European centers as well as 1 North American center). Two centers (1 European
and 1 North American) used the model for end-stage liver disease (MELD) score as the sole
preoperative assessment.

Volumetric Analysis

All but one of the centers evaluated the FLR volume using computed tomography (CT)
volumetry. Twenty-one centers performed CT volumetry prior to segmentectomy or hemi-
hepatectomy or more, and the remaining 20 centers assessed prior to hemihepatectomy or
more, respectively.
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Table 2. Questionnaire on the procedures and devices used in open liver surgery

1 Do you perform vascular control by individually dissecting the hepatoduodenal ligaments or in the en
bloc fashion by Takasaki et al.’s method [18] prior to division of liver parenchyma?
a. Individually hepatic artery, portal vein and the bile duct
b. En bloc ligation of the Glissonian sheath at the hepatic hilum
c. No

2 Do you apply intermittent Pringle’s maneuver during division of the hepatic parenchyma?
a. Almost always
b. Sometimes (only when excessive bleeding occurs)
c. Rarely
d. No

3 Do you restrict the intraoperative fluid infusion to reduce the pressure of [VC?
a. Yes
b. No

4 How do you divide (not seal the portal pedicles) the hepatic parenchyma?
Clump-crushing

CUSA

Harmonic Scalpel

LigaSure

Linear stapler

Tissue Link

Bipolar scissors

Others, please describe

F@me a0 o

5 How do you seal the thin portal pedicles (less than 3 mm in diameter) or hepatic parenchyma?
Ligation with stitch

Harmonic Scalpel

LigaSure

Linear Stapler

Tissue Link

Bipolar scissors

Hemoclip

Others, please describe

F@me a0 o

6 Backflow from the hepatic veins is massive. How do you reduce blood loss?
Performing selective hepatic venous control

Performing total or half clamping IV

Performing total vascular exclusion

Blood drawing to reduce CVP

Head up or head down

Nothing special

Others, please describe

N N )

7 You need to reconstruct a thick hepatic vein. Which graft do you use?
External iliac vein graft

Prosthetic vein graft

Internal jugular vein

From gonadal vein, making a thick graft

From great saphenous vein, making a thick graft

Cryopreserved vein graft

Others, please describe

e a0 o
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Table 3. Questionnaire on the indications and devices applied in laparoscopic liver surgery

1 What s your ‘current’ indication for laparoscopic hepatectomy?
a. Leftlateral segmentectomy and limited resection of the peripheral part of the liver
b. Major hepatectomies and/or for tumors in the posterior part of the liver (segment I/VII)
c. Others, please describe

2 What will be your ‘future’ indication for laparoscopic hepatectomy?
a. Leftlateral segmentectomy and limited resection of the peripheral part of the liver
b. Major hepatectomies and/or for tumors in the posterior part of the liver (segment I/VII)
c. Others, please describe

3 Do you think the laparoscopic approach is acceptable for donor hepatectomy?
a. Yes
b. Yes, only for left lateral graft
c. No
d. Others, please describe

4 Do you apply intermittent Pringle’s maneuver during division of the hepatic parenchyma?
a. Almost always
b. Sometimes (only when excessive bleeding occurs)
c. Rarely
d. No

5 How do you divide (not seal the portal pedicles) the hepatic parenchyma?
Clump-crushing

CUSA

Harmonic Scalpel

LigaSure

Linear stapler

Tissue Link

Bipolar scissors

Others, please describe

F@ oo AN o

6 How do you seal the thin portal pedicles (less than 3 mm in diameter) or hepatic parenchyma?
Ligation with stitch

Harmonic Scalpel

LigaSure

Linear stapler

Tissue Link

Bipolar scissors

Hemoclip

Others, please describe

S o an o

Portal Vein Embolization

Preoperative portal vein embolization (PVE) was performed to induce the compen-
satory hypertrophy of FLR in 40 centers (95%) based on the results of the liver functional
reserve and the extent of the liver resection.

In patients with normal liver function, 17 centers (40%) set 30% of the total liver volume
as the critical FLR volume for safe liver resection and performed PVE when the estimated
FLR volume is less than 30%. In patients with underlying cirrhosis, 18 centers (43%) setless
than 50% of the FLR volume as the critical volume requiring PVE.
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Fig. 2. Preoperative assessment of liver function and FLR volume. GSA = Galactosyl serum albumin scin-

tigraphy.
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Gonadal vein; 7 etic graft; 9

Great saphenous

Fig. 3. Open hepatectomy.

Open Hepatectomy (fig. 3)

Surgical Devices Used during Liver Surgery

The most used device to divide the liver parenchyma was CUSA (26 centers, 62%),
followed by clamp-crushing methods (17 centers, 40%). To seal the thin portal pedicles, half
of the centers (52%) used ligation with stitch. The second most used device was LigaSure

(9 centers, 21%).

Inflow Control

The vascular control prior to the division of the liver parenchyma was performed by
individually ligating the hepatic artery and the portal vein in 23 centers (48%), while 14
centers (33%) used en bloc ligation of the Glissonian sheath at the hepatic hilum (Takasaki
et al.’'s method [18]). Pringle’s maneuver was used routinely during the division of the liver
parenchyma in 21 centers (50%). Three centers (7%) did not adopt the Pringle’s maneuver.
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Fig. 4. Laparoscopic approach.

Outflow Control

Thirty-six centers (86%) restricted the intraoperative fluid infusion to reduce the
pressure in the inferior vena cava (IVC). In cases when venous bleeding was massive, 18
centers (43%) performed selective hepatic venous control, and 17 centers (40%) performed
IVC clamping to reduce the blood loss.

Venous Reconstruction

The most often used graft for venous reconstruction was the external iliac vein (13
centers, 31%). Both prosthetic graft and great saphenous vein were used in 9 centers each
(21%).

Laparoscopic Approach (fig. 4)

Indication

Thirty-seven centers (88%) adopted laparoscopic liver resection, but the current indi-
cation was limited to left lateral segmentectomy or limited resection of the peripheral part
of the liver in 28 of these 37 centers (76%). The remaining 9 centers applied the laparoscopic
approach to major hepatectomies or resections of tumors in the posterior part of the liver.
In the future, 22 centers are willing to apply the laparoscopic approach to major hepatec-
tomies or resection of tumors in the posterior part of the liver. Twenty-eight centers (67%)
answered that the laparoscopic approach is feasible for donor hepatectomy.
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Laparoscopic Procedures

Pringle’s maneuver was used routinely only in 5 centers (12%) during the laparoscopic
approach. The most frequently used device to divide the liver parenchyma was CUSA [21
centers, 57% (21/37)], followed by Harmonic Scalpel [10 centers, 27% (10/37)]. To seal thin
portal pedicles, Harmonic Scalpel, LigaSure, and Hemoclip were used in 12, 11, and 10
centers, respectively.

Discussion

The current survey provides an overview of the current practices of liver surgery,
including the laparoscopic approach. The results show that many leading liver centers have
applied detailed preoperative assessments and intraoperative procedures to reduce blood
loss, and that the laparoscopic approach has been widely used in the world, holding the
promise of being applied for the field of transplantation.

The evaluation of the resectional liver volume in patients with normal or cirrhotic
liver and the application of PVE have become essential to achieve safe liver resection. The
importance of assessing the FLR volume prior to liver resection has been emphasized in
many reports because of the significant interpatient variation in liver volumes [28-33].
Lack of liver volume after hepatectomy was reportedly associated with an increased inci-
dence of liver dysfunction not only in patients with cirrhotic liver but also in those with
normal liver. In this survey, all but one out of the 45 centers evaluated the FLR volume prior
to hemihepatectomy or segmentectomy to prevent postoperative liver failure. Moreover,
95% of the centers performed PVE to increase the FLR volume based on the results of liver
function and FLR volume (81%) and/or procedures of liver resection (12%). The rate of the
application of PVE (95%) was higher than that reported in the survey conducted by Breit-
enstein et al. [7] in 2007 (89%). The minimal FLR volume in normal liver was 30-40% in
83% of the centers that answered the question. The critical limit of the FLR volume in this
survey was higher than thatin the previous survey [median 25% (range 20-40%)] [7]. The
safe limit of the FLR volume might have interindividual differences; however, 40% of the
FLR volume in normal liver would be a reliable criteria to achieve zero mortality following
hepatectomy [34]. In practice, 30% is the standard in the world, although half of the centers
answered that 50% of the FLR volume would be necessary in cirrhotic liver, which means
that right hemihepatectomy cannot be safely performed in cirrhotic liver without preop-
erative PVE.

Reduction of intraoperative blood loss is a significant factor affecting the short- as well
as long-term outcomes after liver resection [24-26]. Various intraoperative techniques have
been widely applied to control the bleeding from both the inflow and outflow system. As for
the inflow system, Pringle’s maneuver and selective vascular occlusion can reduce the
bleeding by limiting the blood flow to the liver [16, 17]. Our survey demonstrated that most
ofthe centersapplied Pringle’s maneuver routinely (50%) or when excessive bleeding occurs
(43%) during open hepatectomy. On the other hand, the frequency of routine use of Pringle’s
maneuver decreased to 14% in the laparoscopic approach.

Bleeding from the outflow system is a major problem during complex liver resections
because the backflow bleeding from the hepatic veins can occasionally be massive [22].
The survey reflects the high interest in the control of bleeding from the outflow system,
and 88% of the centers restricted the intraoperative fluid infusion to reduce the central
venous pressure. In cases of massive backflow from the hepatic veins, the most frequently
used procedures were the control of selective hepatic veins (43%) and I[VC clamping (40%).
Recently, 2 prospective randomized controlled studies proved the efficacy of IVC clamping

KARGER

63



Liver Liver Cancer 2013;2:55-66
Cancer DOI: 10.1159/000346225 © 2013 S. Karger AG, Basel
Published online: January 7, 2013 www.karger.com/lic

Mise et al.: A Worldwide Survey of the Current Daily Practice in Liver Surgery

for reducing blood loss [35, 36]. Total vascular exclusion, in which the infra- and suprahe-
patic IVCs are clamped, has been reported to be an effective procedure to achieve a
bloodless liver resection [20, 21]. However, this procedure is associated with significant
hemodynamic changes and requires close monitoring to prevent central hypovolemia.
Only 2 centers (5%) applied total vascular exclusion to control backflow venous bleeding
[23].

Our survey reflects the worldwide prevalence of laparoscopic liver resection and
shows that 88% of the participating centers adapted the laparoscopic approach in liver
surgery. Since the first introduction by Gagner et al. [37] in 1992, the application of laparo-
scopicliver resection has slowly progressed because of the complexity of liver surgery. Two
meta-analyses demonstrated the benefits of the laparoscopic approach in terms of reduced
operative blood loss and earlier recovery compared with open liver surgery [38, 39].
However, careful interpretation of the results derived from these meta-analysesis required
in the light of potential selection bias. Most of the data were extracted from the comparison
of the series of left lateral segmentectomy or partial resection of the liver, which accounted
for a small part of the wide variety of hepatectomies. The results of this survey well reflect
the careful attitude toward the current indications of the laparoscopic approach, that s, 28
out of 37 centers (78%) limited the procedure to left lateral segmentectomy and partial
resection of the peripheral lesion. On the other hand, this study also implies that the indi-
cations for the laparoscopic approach would expand in the near future. More than half of
the centers that limited the laparoscopic procedure to left lateral segmentectomy and
partial resection were willing to expand the indication to major hepatectomies. In addition,
two-thirds of all centers answered that the application of the laparoscopic approach to
donor hepatectomy would be feasible. However, donor mortality is not zero even in open
living donor hepatectomies [40]. Hence, one should remain cautious about the application
of the laparoscopic approach, whose safety has not been well established regarding major
hepatectomy.

Despite the introduction of many devices, a conservative trend was observed regarding
the methods to transect the liver parenchyma during open surgery. The clamp-crushing
technique and ultrasonic dissectors (CUSA), which were introduced in the 1970s [8] and in
the 1990s [9, 10], respectively, were the two major methods favored in many centers.
Furthermore, more than half of the centers selected ligation with stitch to seal the thin
portal pedicles. Those results might have arisen from the evidence that several randomized
trials showed no superiority of other new techniques over classical clamp-crushing [9-15].

A potential selection bias of the centers should be taken into account when interpreting
our study results. Asian centers accounted for 69% of the centers that participated in this
survey, and the rate is considerably high compared to the previous survey conducted in
2007 (17%) [7]. This regional bias must have led to the high application of ICGR15, which is
not widely accepted in Western countries [7]. In addition, the low response rate to the ques-
tionnaire (45%) is another limitation of this survey considering the high response rate of
the previous survey (75%). A more organized survey through an international liver asso-
ciation could provide a better overview of the current practices in liver surgery, which
would help to make liver surgery safer and more standardized in the near future.
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