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ABSTRACT

Background and Objectives: In addition to general ad-
vantages of laparoscopic over open surgery, such as better
cosmesis and faster recovery, laparoscopic liver surgery
offers specific advantages. Improved liver function and
potentially earlier postoperative oncologic treatment are
suggested by the literature as benefits of laparoscopic
over open liver surgery. The purpose of this analysis was
to analyze the outcomes of laparoscopic liver surgery in
our department.

Methods: All laparoscopic liver resections (LLRs) per-
formed from January 2011 through July 2016 were iden-
tified from the institutional database and matched 1:2 to
open liver resections (OLRs). Data were analyzed regard-
ing perioperative outcome, and significance was set at
P � .05.

Results: Of 1525 liver resections, 120 patients were in-
cluded in this analysis. Forty resections were performed
laparoscopically. Patients in the LLR group more often had
benign tumors. No patient died after LLR, but 2 required
conversion to open surgery (5%) because of bleeding.
Blood loss (200 vs 500 mL, P � .001) was less and hospital
stay (6 vs. 7 days, P � .001) shorter after LLR. Iwate score,
operating time, and the size of the resection margins did
not differ between the groups. Iwate score correlated with
operative time (P � .027).

Conclusions: Laparoscopic liver surgery was safe, and
several advantages over open surgery were confirmed in
our series.

Key Words: Laparoscopic liver surgery, Match-pair anal-
ysis, Iwate score.

INTRODUCTION

With the evolution of minimally invasive technologies,
laparoscopic surgery has become the standard technique
for many surgical procedures. It generally has the benefit
of better cosmesis, and faster postoperative recovery, in-
cluding less pain, earlier bowel movements, and many
more advantages.1,2 Despite higher direct cost, laparo-
scopic surgery has become the standard procedure for
colon and rectal cancer surgery in many centers.

Liver surgery is the standard of care for primary and many
secondary liver tumors. It has specific aspects, for which
laparoscopic liver surgery may have benefits in addition to
the general advantages of laparoscopic surgery: Benign
liver tumors such as adenoma (or focal nodular hyperpla-
sia) are often diagnosed in young patients with high cos-
metic needs. Surgery for hepatocellular carcinoma (HCC),
which predominantly arises from cirrhotic liver, carries an
increased risk of liver failure after liver resection. General
anesthesia as well as the extent of surgery may worsen
liver function in these patients, and minimally invasive
surgery appears to be less harmful for liver function.3

Furthermore, surgery for metastases from colorectal (CRC)
or other cancers is often embedded in multimodal treat-
ment concepts, for which prolonged postoperative recov-
ery is prohibitive. A recent analysis showed a shorter time
to chemotherapy after laparoscopic liver surgery, in addi-
tion to a shorter hospital stay and a lower complication
rate in 66 patients with colorectal liver metastases com-
pared to 66 open resections.4 Moreover, laparoscopic sur-
gery has become the standard for CRC in many centers,
and additional laparoscopic liver resections (LLRs) appear
attractive for both synchronous and metachronous liver
metastases.

Because minimally invasive surgery theoretically serves
these needs, many centers for liver surgery have been
using this technique increasingly during recent years.5 The
available literature suggests a shorter hospital stay, less
blood loss, and fewer cirrhotic decompensations.3 Fur-
thermore, a recent paper demonstrated a lower number of
circulating tumor cells in the peripheral blood after lapa-
roscopic compared to open surgery for hepatocellular
carcinoma.6
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All procedures performed in the following study involving
human participants were in accordance with the ethical
standards of the institutional research committee and with
the 1964 Helsinki Declaration and its later amendments or
comparable ethical standards. Informed consent was ob-
tained from all participants included in the study.

MATERIALS AND METHODS

All liver resections performed at the Department for Gen-
eral, Visceral and Transplantation Surgery at the Univer-
sity Hospital of Mainz from January 2011 through July
2016 were identified from the prospective department
database. Baseline information, intraoperative course, and
postoperative outcome were analyzed. Intraoperative
blood loss and application of blood products were iden-
tified from the anesthesiology records. The duration of
surgery was defined from skin incision until closure. Sur-
gical complications were scored according to the Clavien-
Dindo classification.7 Information about completeness of
resection (R0/R1), as well as the tumor type, was taken
from the final histological reports.

Liver Resection Technique

LLRs were performed either in the French position for
tumors in segments 2 through 6 or in the left lateral
position for tumors in the segments 6 and 7. A 10-mm
camera (30°) was used in all cases, and 2 additional
10-mm trocars were used by the first surgeon. One to 2
more 5-mm trocars were placed if necessary for liver
retraction or preparation of the Pringle maneuver. The
resection margins and intrahepatic anatomy were con-
firmed by laparoscopic ultrasound. The parenchymal dis-
section was initially performed with an ultrasonic dissec-
tor (Ultracision; Ethicon, Norderstedt, Germany). With
growing experience, the laparoscopic Cavitron ultrasonic
surgical aspirator (CUSA; Söring, Quickborn, Germany)
was used in addition for dissection, to minimize blood
loss. Major vascular structures, such as the hilar plate or
hepatic veins were closed with endo-GIA staplers (Figure
1). The fascia at all trocar sites �10 mm was closed with
Vicryl (0) interrupted sutures.

For open surgery, the extent of resection was always
confirmed by palpation and intraoperative ultrasound.
Parenchymal dissection was performed with Kelly clamps
or by scratching the parenchyma with the scissor tip,
whereby small vessels were sealed with bipolar forceps
and larger ones with clips and sutures. Hilar structures and
hepatic veins were resected over vascular clamps, and the
respective stump closed with Prolene 4-5/0 running su-

tures. The abdominal wall was closed by suturing the
fascia with Vicryl 2 and polydioxanone (PDS II; Ethicon)
loops.

Patient Matching

All LLRs were matched 1:2 to open liver resections (OLRs)
of the same period, according to patient age, sex, tumor
type, tumor size, and localization, American Society of
Anesthesiologists (ASA) class, body mass index (BMI),
extent of liver resection, and the presence of liver cirrho-
sis.

Statistical Analysis

Parameters with expected normal distribution are pre-
sented with mean values and confidence intervals and
others with median and ranges. Categorical data were
compared by the �2 test and continuous data with Stu-
dent’s t test for parametric analyses and Mann-Whitney
U-test for nonparametric analyses. Statistical significance
was set at P � 0.05.

RESULTS

From January 2011 through July 2016, 1525 liver resec-
tions were performed in our department. Of those, 40
operations (2.6%) were laparoscopic, of which 37 (93%)
were performed by a single surgeon (SH). Eighty OLRs
served as controls in the matched-pair analysis. The pa-
tient cohorts did not differ regarding BMI, presence of
liver cirrhosis, type and extent of surgery, or median
tumor size (Table 1). In the beginning, most laparoscopic
resections were performed for benign tumors, and over
the time, the proportion of malignant tumors increased
(Figure 2). Consequently, patients in the LLR group were
younger in the beginning, but later, age did not differ
(data not shown). Currently, tumor biology (benign or
malignant) of the tumor does not affect patient selection
for laparoscopic surgery.

Of the entire cohort of liver resections (1525), 40 patients
(2.6%) had a liver resection for focal nodular hyperplasia
(FNH) and 28 (1.8%) for adenoma. Of these 68 patients, 32
are included in this analysis. Twelve patients were symp-
tomatic, 20 underwent surgery for an unclear diagnosis; in
2 of those malignancy was suspected.

Two laparoscopic resections required conversion to open
surgery because of bleeding from the left hepatic vein
(5%) in patients with cirrhosis. The results of these pa-
tients are included in the laparoscopic group as an intent-
to-treat analysis (Table 1).
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Complexity of Liver Resection

To confirm comparability of laparoscopic and OLRs, the
Iwate score was applied to all cases8: the localization and
size of the tumor, the proximity to major blood vessels, the
extent of surgery, the underlying liver function (Child score)
and the use of a pure laparoscopic or hand-assisted surgery
is assigned individual scores. The sum of these scores depicts
an objective measure of the complexity of the procedure and
defines the difficulty of surgery (score 0–3, low; 4–6, inter-
mediate; 7–9, advanced; and 10–12, expert).

According to the Iwate score, laparoscopic and open re-
sections were well matched with a median score of 5 each
(P � .76). Only a very few cases were of a low-difficulty
level, and some were classified as advanced (Figure 3).
These cases were scored with 7 points because of tumor
size (4–4.6 cm) and localization in segments 4b, 5, and 7.
Two lesions with a maximum diameter of 3.5 cm (segment
4a) and 4.5 cm (segment 7) were scored with 8 and 9
points, respectively.

Moreover, the Iwate score as a measure of complexity of
LLRs correlated highly with the operative time for laparo-
scopic and open procedures (P � .027).

Surgical Access or Technique

For open surgery, 69/80 (86.3%) resections were per-
formed through a Makuuchi incision (upper median
laparotomy with extension to the right costal arch).
Four patients had a bilateral subcostal incision and 2
patients required a median extension in addition to the
bilateral incision. In 5 patients, only an upper median
laparotomy was used.

The standard trocar positions for laparoscopic resec-
tions have been described above. Most resections were
performed using 3 (22/40) or 4 (17/40) ports. Only one
patient with synchronous rectal resection required 5
trocars for liver and rectal resection. The resected spec-
imen was removed from the abdominal cavity through
an extension of a trocar site in 15 of 40 (37.5%) patients.

Figure 1. Intraoperative photographs obtained during laparoscopic liver surgery. Parenchymal transection along the falciform ligament with
the CUSA device for a left lateral sectorectomy (A). The hilar plate is dissected by endo-GIA staplers (B). Resection of segment 6 in a cirrhotic
patient with HCC (arrow, C). Preparation of a major venous branch (arrow) during resection of a liver metastasis in segment 5/8 (D).
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For larger specimens, a suprapubic transverse incision
was used in 9 (22.5%) patients, and preexisting inci-
sions were reopened in 14 patients (35%). One patient
had a synchronous ileostomy closure, and 1 an umbil-
ical hernia repair, through which the resected specimen
were removed at the end of surgery.

We used the Ultracision device for parenchymal tran-
section during the first 17 resections. Of these, 2 re-
quired conversion for injury of the left hepatic vein,

both in patients with liver cirrhosis. Because we have
been using the CUSA device for parenchymal tran-
section, none of the 23 resections required conversion.

Additional Surgical Procedures

Two patients with liver metastases from CRC had simul-
taneous rectal resections. Four patients in the laparo-
scopic group had additional cholecystectomy, and one
patient each had closure of an ileostomy and incisional

Table 1.
Patient Characteristics

All liver Resections Laparoscopic Resection Open Resection P *

Number 1525** 40 80

Age, years (median, range) 63 (16–93) 60 (20–83) 62,5 (24–82) 0.08

Sex, female/male, n 656/829 19/21 29/51 0.24

BMI, kg/m2, mean (SD) 26.5 (4.9) 28.3 (5.8) 27.5 (5.6) 0.62

ASA score, n (%) 0.05

I 22 (1.4) 3 (7.5) 0

II 741 (48.6) 23 (57.5) 41 (51.3)

III 701 (46) 14 (35) 38 (47.5)

IV 21 (1.4) 0 1 (1.3)

Liver cirrhosis, n (%) 147 (9.6) 8 (20) 16 (20) 1.0

Tumor size, cm (median, range) 4.4 (0.5–10.5) 4.35 (0.5–13) 0.64

Biology (benign/malignant) 14/26 7/73 0.001

Tumor type, n 0.007

Adenoma 18 6 2

FNH 33 8 4

HCC 232 11 22

CCC 179 — 6

CRC mets 558 11 32

Endocrine mets 33 4 13

Non-CRC/nonendocrine mets 121

Klatskin tumor 107 — —

Gallbladder cancer 34 — —

Others 170 — —

Type of resection, n (%) 0.99

Left lateral sectionectomy 131 (8.8) 16 (40%) 32 (40%)

Segmentectomy 438 (29.5%) 23 (57.5%) 46 (57.5%)

Atypical resection 392 (26.4%) 1 (2.5%) 2 (2.5%)

Hemihepatectomy (extended) 524 (35.3%)

Iwate score, median (range) — 5 (4–9) 5 (4–8) 0.76

*Laparoscopic versus open resection; **1485 fully evaluable. CCC, cholangiocellular carcinoma; mets, metastases.
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hernia repair. Finally, a patient with a small liver me-
tastasis from rectal cancer had laparoscopic cholecys-
tectomy, placement of a diverting ileostomy, repair of a
fixed umbilical hernia, and port implantation, together
with the LLR. During open liver surgery, 1 patient had
simultaneous umbilical hernia repair, and 1 patient
each had ileostomy closure, small bowel resection, par-
tial resection of the diaphragm, or right hemicolectomy.
The median duration of surgery was comparable be-
tween the 2 groups.

Postoperative Outcome

The intra- and postoperative outcomes are summarized in
Table 2: the median blood loss was significantly lower
after laparoscopic surgery (P � .001). This effect was only
true in patients without liver cirrhosis (500 vs 175; P �
.001), whereas blood loss was not different in patients
with cirrhosis (P � .55). Although the median intensive
care unit stay was not different between the two groups,
patients stayed significantly longer in the hospital after
OLR.

According to the final histology, neither the minimal re-
section margin nor the R1 resection rate differed between
the groups. (Table 2).

DISCUSSION

Minimally invasive techniques are increasingly used for
liver surgery. General advantages of laparoscopic over
open surgery are better cosmesis and shorter hospital stay.
In the absence of randomized trials, the current evidence
for LLRs derives mainly from retrospective case series.
Most of these series report an equal or even longer dura-
tion of the operation, less blood loss, and a shorter hos-
pital stay for laparoscopic compared to OLR. Also, decom-
pensation of liver function in patients with cirrhosis
appears less frequent in several series, and laparoscopic
surgery appears therefore attractive for HCC in liver cir-
rhosis.3,9 Although any liver resection can be performed
laparoscopically, in the literature, standard indications for
laparoscopic surgery are resections of the left lateral sec-
tion and anterior segments 4 to 6.5

Because the proportion of extensive and complicated (of-
ten repeat) liver surgery at our department is high and
such cases were excluded from laparoscopic surgery, the
proportion of laparoscopic surgery (3%) is very low in our
series. Therefore, we performed a matched-pair analysis
to minimize the bias of retrospective analyses and used
standard risk factors for liver surgery as matching items:
ASA classification and underlying liver diseases, of which
liver cirrhosis is the most severe. Because the extent of
liver resection may vary according to the size of the
resected tumor in nonanatomic resections and segment
resections, we also matched for tumor size to achieve
better comparability of the technical risk. The Iwate score
confirms an equal complexity of open and laparoscopic
resections, and the correlation of Iwate score and opera-
tive time further underlines the validity of this score.
Furthermore, we increased the power of our analysis by
matching (1:2): 1 laparoscopic with 2 open resections.

Figure 2. Changes in surgical indications over time. Laparo-
scopic liver resections for malignant tumors (e.g., HCC and CRC)
are increasingly used (black bar: malignant tumor, gray bar:
benign tumor).

Figure 3. The Iwate score was used to describe the difficulty
of laparoscopic (black) and open (gray) liver resections over
time. The gray box indicates intermediate difficulty of the
procedure according to this score (4–6 points); scores of 7
to 9 refer to advanced and 10 to 12 to expert difficulty
levels.
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Despite matching characteristics, patients in the laparo-
scopic group had benign tumors more often than those
in the open resection group. Furthermore, patients
were younger in the first 30 LLRs (data not shown), but
age does not differ in the current analysis. This imbal-
ance in (age and) tumor histology is related to patient
selection for laparoscopic surgery: we initially per-
formed laparoscopic surgery in young patients with
suspected benign histology, only, because of the
greater demand for satisfactory cosmesis in younger
patients with unclear and presumed benign lesions.
Because our primary interest was safety of laparoscopic
surgery rather than long-term outcome, we accepted
larger differences in this matching pair. Also, we mainly
performed laparoscopic surgery for superficial tumors
or tumors in the anterior or left lateral segments. With
increasing experience, we extended the indications for
the laparoscopic technique to malignant tumors, which
develop more often in older patients, and to tumors
located in the posterior segments.

The indications for and types of surgery are in accordance
with the literature.5 In general, only patients with symp-
tomatic FNH should undergo liver surgery, because this
entity is not associated with complications or malig-
nancy. In contrast, liver adenoma may harbor the risk of
bleeding and malignancy above a tumor diameter of 5

cm.10 Accordingly, liver resection is usually offered to
patients with adenoma more than 3 to 5 cm in diameter,
to prevent tumor-related complications (danger of ma-
lignancy �5 cm, danger of bleeding starts �3 cm).11

However, the differential diagnosis is often difficult,
and patients with FNH may undergo liver resection to
exclude a malignant tumor or an adenoma. Conse-
quently, the incidence of adenoma and FNH in our
cohort of patients was below 5%, and most of them
underwent surgery for an unclear diagnosis.

As was true in most reports in the literature, the duration
of surgery did not differ between the groups in our series,
although several laparoscopic resections included addi-
tional extrahepatic procedures. Also, blood loss was
lower, and the hospital stay was shorter after laparoscopic
liver surgery in our series (Table 3).3,4,12–21 The reason for
the lack of significance in blood loss in cirrhotic livers is
probably the massive blood loss in the 2 patients who
required conversion to open surgery because of bleeding
from the left hepatic vein.

The shorter hospital stay after laparoscopic surgery in our
series is consistent with the literature (Table 3). To avoid
financial disadvantage by discharging patients earlier than
the diagnosis-related group (DRG) relevant minimum hos-
pital stay for liver resections, only 1 patient was dis-

Table 2.
Intra- and Postoperative Outcomes

Laparoscopic Resection Open Resection P

Duration of surgery, minutes (median, range) 149:37 (40:33–369)* 150:40 (60–540)* 0.54

ICU stay (median, range) 0 (0–6) 0 (0–5) 0.69

Hospital stay, days (median, range) 6 (4–34) 7 (4–39) 0.002

Surgical complications, n/total group (%) 3/40 (7.5%) 9/80 (11.3%) 0.384

Grade IIIa, % — 6

Grade IIIb, % 1 3

Grade Iva, % 2 1

Grade IVb — —

Grade V — —

Blood loss, mL (median, range) 200 (50–3000) 500 (100–3000) <0.001

R0/R1 resection 33/7 74/67/0 0.097

Benign tumor (R0/R1) 9/5 67/6 0.07

Malignant tumor (R0/R1) 24/2 0.93

Resection margin, cm (median, range) 0.3 (0–4) 0.4 (0–3.6) 0.776

*Operative time related to extrahepatic procedures, such as port implantation, synchronous rectal resection, and hernia repair, among
others.
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charged before day 5. Despite this, the difference in hos-
pital stay was highly significant in our series. To maximize
the advantages of this technology, reimbursement of lapa-
roscopic surgery should be adapted, respecting the higher
direct cost and enabling an earlier discharge from the
hospital.

One limitation of laparoscopic surgery is the retrieval of
the resected specimen: whereas most surgical steps can be
performed laparoscopically, the trocar sizes do not allow
the retrieval of larger specimens. However, preexisting
incisions or a transverse suprapubic incision can be used,
which is appreciated by most (female) patients with cos-
metic concerns, and most specimens were retrieved ac-
cordingly in this series. Only small specimens from seg-
mental or atypical resections were retrieved through
extensions of a trocar site.

During our initial experience, only the Ultracision device
was used for parenchymal transection. This device allows
a precise preparation and sufficient sealing of small in-
trahepatic vessels, but has limited hemostatic effect in
the liver parenchyma. Furthermore, an apparently in-
complete sealing of larger vascular structures becomes
overt during the sealing phase, only. This limitation was
the reason for 2 conversions in cirrhotic livers, in which
the identification of vessels is more difficult. The CUSA
device has no sealing capacity, but vascular structures
are preserved, and vessels can be selectively stapled
after complete transection of the surrounding paren-
chyma. Sufficient hemostasis can be achieved by addi-
tional bipolar coagulation.

Recent publications suggest oncological benefits of lapa-
roscopic surgery: recovery from liver surgery requires an
interruption or delay of oncologic treatments that might
impair long-term survival. Tohme et al4 recently reported
an earlier start of chemotherapy in patients with CRC liver
metastases after laparoscopic surgery, and a longer time to
adjuvant chemotherapy was associated with shorter sur-
vival among patients with resected CRC in a meta-analy-
sis.22 Recently, the randomized OSLO-COMET trial has
demonstrated a lower complication rate and a shorter
hospital stay after laparoscopic liver surgery in patients
with colorectal liver metastases.23 Moreover, laparoscopic
surgery is associated with a lower number of circulating
tumor cells in patients with HCC compared with open
surgery.6 These effects are major advantages of laparo-
scopic surgery for patients with malignant diseases, but
they must be confirmed.

In addition to less hepatic decompensation, Han et al3

found larger resection margins in patients with HCC who

underwent LLR compared to OLR. As for most series in the
literature, the resection margins did not differ between the
groups in our series (Table 3).

CONCLUSION

Laparoscopic liver surgery confers several general ad-
vantages over open surgery, which are confirmed by
our analysis. Moreover, recent analyses suggest superi-
ority of minimally invasive liver surgery compared to
open surgery, in oncologic outcome. These observa-
tions, however, require confirmation by larger and pro-
spective trials in the future. Because no disadvantage
has been reported in the literature yet and the oncolog-
ical outcome was the same as for OLR in our series, we
will further extend the indications to more complicated
laparoscopic resections.
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