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Abstract
Laparoscopic liver resections are being performed with increasing frequency, with several groups
having reported minimally invasive approaches for major anatomic hepatic resections. Some
surgeons favor a pure laparoscopic approach, while others prefer a hand-assisted approach for
major laparoscopic liver resections. There are clear advantages and disadvantages to a hand-
assisted technique. The purpose of this study is to summarize the literature comparing pure
laparoscopic and hand-assisted approaches for minimally invasive hepatic resection, and to
describe our approach in 432 laparoscopic liver resections.
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Introduction
Laparoscopic liver resection (LLR) is now an important technique in the field of hepatic
surgery with >3,000 cases performed worldwide [1–6]. Minimally invasive liver resection is
carried out for benign and malignant tumors with low operative mortality (0.3 %) and
morbidity (11 %) [1]. Overall benefits of LLR compared to open liver resection (OLR) have
been reported in a large review of 31 case-controlled matched studies [7] as well as six
recent meta-analyses [8–13] and include reduced operative blood loss, less post-operative
pain, and shorter length of stay.

Variations of the laparoscopic approach to liver resection surgery include pure laparoscopic,
hand-assisted, hybrid technique, and robotic liver resection [1, 14, 15]. Selection of
approach depends on tumor size and location, extent of resection, and surgeon preference.
Some advocate starting with a pure laparoscopic approach with conversion to hand-
assistance only if bleeding or technical difficulties are encountered [16], while others prefer
to start with the hand-port incision if a laparoscopic hepatic lobectomy is planned [1, 3, 17].
For major anatomic LLRs, some recommend the hybrid approach where the liver is
mobilized laparoscopically with the resection being completed through a small open (~14
cm) incision [18, 19].

Many high-volume centers use a pure laparoscopic approach for peripherally located easily
accessible lesions, and reserve a hand-assisted or hybrid technique for formal hepatic
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lobectomies. In a 2009 review of the literature, Nguyen et al. [1] reported an exponential
growth in the numbers of LLRs performed in the past decade, with >2,800 cases being
performed worldwide. A pure laparoscopic approach was utilized in 75 % of cases, hand-
assisted in 17 %, and hybrid approach in 2 %, with the remaining cases being carried out
with gasless, thoracoscopic, or full conversion to open approaches. 45 % of laparoscopic
cases were non-anatomic segmentectomy/ wedge resection, while anatomic left lateral
sectionectomy was performed in 20 % of cases, right hepatectomy in 9 %, and left
hepatectomy in 7 % [1]. Laparoscopic extended hepatic lobectomies or trisectionectomies
have been reported only in small numbers [20, 21].

Several groups have described small series of laparoscopic major liver resections [22–25].
Dagher et al. [26] recently reported the results of a large multi-center international study of
laparoscopic major hepatectomy. In this study, prospective databases collected between
1997 and 2008 from 3 European, 2 USA, and 1 Australian center were combined. Of 210
major liver resections, 136 right (65 %) and 74 left (35 %) hepatic lobectomies were
performed. A pure laparoscopic approach was used in 91 (43 %) patients and hand-assisted
in 119 (57 %). Open conversion was required in 26 (12.4 %) cases. The reason for
conversion to open was unsatisfactory progress in 10 patients, bleeding in 6 patients,
difficulty in obtaining tumor margin in 4 patients, posterior tumor location in 2 patients,
portal vein or inferior vena cava injury in 3 patients, and anesthetic concern in 1 patient.
Median tumor size was 5.4 cm and median surgical margin was 10.5 mm. There were no
operative deaths, and 2 patients (1.0 %) died post-operatively from pulmonary embolus and
urosepsis, respectively [26].

LLR has also been performed selectively for living donor liver transplantation. Cherqui et al.
[27] were the first to report laparoscopic living donor left lateral sectionectomy for adult to
child liver transplantation, and subsequently, a larger series of 16 cases was reported by the
same group [28]. For the left lateral sectionectomy, a pure laparoscopic approach was used
and the specimen was retrieved via a suprapubic Pfannenstiel incision. Two other groups
have described laparoscopic-assisted live donor right or left hepatectomy for adult-to-adult
liver transplantation [29, 30]. These groups start the operation laparoscopically for liver
mobilization and initial vascular dissection, and then complete the transection through a
small open incision. However, due to the stressful nature and overall low numbers of living
donor hepatectomies, LLR for this indication has not been widely adopted.

Trocar placement and advantages/disadvantages of a hand-port
Hand-port and trocar positioning are shown for hand-assisted right (Fig. 1a) and left hepatic
lobecotmy (Fig. 1b). Advantages of the hand-port are (1) tactile feedback, (2) facilitation of
liver mobilization, (3) ability to manually compress the liver, and (4) eliminating the need
for making a separate extraction site incision. Conversely, disadvantages of the hand port are
(1) lack of domain, (2) interference with the laparoscopic trocars and instruments, (3) risk of
hand-port incisional herniation, and (4) increased post-operative pain. Furthermore, a
learning curve to using a hand-port clearly exists. For much of the operation, the hand is not
in the hand-port, allowing for the placement of 1–2 additional trocars through the hand-port,
as needed. An additional trocar can also be placed next to the hand while in the port if
required.

For right hepatic lobectomy, a hybrid technique is anticipated/planned, then hand access (~8
cm) is placed in the upper midline or right subcostal position, allowing for extension to a
small open incision (~14 cm). With the hybrid technique, the liver is mobilized
laparoscopically and then delivered into the extended hand-port incision. Visualization and
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retractor placement is limited with this technique, making the amount of work that is
accomplished laparoscopically paramount.

The UPMC experience
The minimally invasive liver resection (MILR) program at the University of Pittsburgh
Medical Center (UPMC) began in 2001 and initially consisted entirely of a totally
laparoscopic approach to lesions in the left lateral segments or right anterior segments. With
more experience, anatomic lobectomies were performed and hand-assisted or hybrid
approaches were used selectively. Beginning in 2007, robotic minimally invasive liver
resection was started, and these operations are carried out totally minimally invasively.
From 2001 to 2011, there have been a total of 432 minimally invasive liver resections
performed. A pure laparoscopic approach was utilized in 245 cases (57 %), hand-assisted in
126 (29 %), hybrid in 22 (5 %), and robotic in 39 (9 %) cases (Fig. 2a).

Our experience with laparoscopic anatomic liver resections consists of left lateral
sectionectomy, left hepatic lobectomy, and right hepatic lobectomy. Of the 432 MILR, 113
(26 %) laparoscopic anatomic resections have been performed. 72 laparoscopic left lateral
sectionectomies, 25 laparoscopic left hepatic lobectomies, and 16 laparoscopic right hepatic
lobectomies were performed, comprising 63.7, 22.1 and 14.2 % of the laparoscopic
anatomic liver resections, respectively (Fig. 2b). A 3.5 % conversion rate (4/113 cases)
exists in our series due to bleeding (maximum transfusion 2 units packed red blood cells
[pRBC]) or additional tumors.

The hand-assisted technique was used in 78 cases (69 %), while pure laparoscopic and
hybrid approaches accounted for 24 (21.3 %) and 11 (9.7 %) of the 113 anatomic liver
resections, respectively (Fig. 3a). Of the 78 hand-assisted cases, 53 (67.9 %) were left lateral
sectionectomies, 17 (21.8 %) were left lobectomies and 8 (10.3 %) were right lobectomies
(Fig. 3b). Of the 24 pure laparoscopic cases, 19 (79.2 %) were left lateral sectionectomies, 3
(12.5 %) were left lobectomies and 2 (8.3 %) were right lobectomies. Finally, 5 (45.4 %) of
the 11 cases in which the hybrid technique was utilized were left lobectomies while 6 (54.6
%) were right lobectomies.

Operative parameters in our laparoscopic anatomic liver resection series are summarized in
Table 1. Estimated blood loss and need for pRBC transfusion was similar amongst the three
MILR techniques; however, the pure laparoscopic group had shorter operative times (188
min) compared to the hand-assisted (264 min) and hybrid groups (298 min). The numbers of
complications as a percentage of total cases in each group were similar with 3/24 in the pure
laparoscopic group, 7/78 in the hand-assisted, and 2/11 in the hybrid group (Table 1). There
were more major complications, defined as those requiring invasive intervention to manage,
in the hand-assisted group [4] than the pure laparoscopic [1] or hybrid [1] groups. The one
major complication in the pure laparoscopic group was hypotension requiring pRBC
transfusion, re-intubation and management in the intensive care unit (ICU) while that in the
hybrid group was an intra-abdominal abscess that required placement of a percutaneous
drainage catheter. In the hand-assisted group, there was one bile leak whose closure was
facilitated by endoscopic retrograde cholangiopancreatography and stenting. In the hand-
port and hybrid groups, 3/89 (3.3 %) incisional hernias developed post-operatively that
required surgical repair.

Discussion
Minimally invasive approaches to liver resection have been increasingly utilized in the past
decade [1, 7] Worldwide experience with LLR has matured sufficiently to allow the
theoretical advantages over an open approach to be evaluated in numerous case-controlled
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studies. Advantages of LLR include decreased blood loss, less post-operative pain, more
rapid return to diet, and shorter length of stay, all of which have been well-documented
when LLR has been compared to OLR in case-controlled studies [7]. Importantly, when
matched for extent of resection and tumor size, comparable oncologic outcomes have been
shown between LLR and OLR for surgical margins, R0 resection rate, and 3-year or 5 year-
overall survival rates for both for hepatocellular carcinoma and metastatic colorectal cancer
[1, 7, 10, 14, 31–42]. Furthermore, cost-effectiveness has also been demonstrated where the
added expense of disposables used in the operating room is more than offset by ~50 %
reduction in length of stay for LLR, resulting in actual decreased overall hospital costs [7,
16, 43–45].

In summary, laparoscopic major hepatectomy remains a technically demanding procedure
and should only be performed by experienced hepatobiliary surgeons after adequate training
and volume of minimally invasive non-anatomic resections [46]. Placement of a hand-port
for hand-assisted or hybrid technique has both advantages and disadvantages, and is largely
dependent on preference of the surgeon. In our experience, a pure laparoscopic approach
resulted in reduced operating room time and length of stay compared to the other two
groups; however, there is certainly a selection bias in choosing easier cases for a pure
laparoscopic approach. Furthermore, in our experience, the majority of anatomic left or right
formal hepatic lobectomies are performed with the hand-assisted approach. Further data is
needed to determine what benefits a pure laparoscopic approach confers over the hand-
assisted or hybrid approaches for major hepatectomy.
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Fig. 1.
Port placement for laparoscopic hand-assisted right (a) and left lobectomy (b). For right
lobectomy, an 8 cm hand access site is placed in the supraumbilical position. Two 12 and
two 5 mm ports are placed in the subxiphoid, R paramedian and R subcostal positions,
respectively for hand-assisted liver mobilization and transaction. For left lobectomy, the
hand access site is placed more inferiorly and the trocar positioning is essentially inverted
from that of a right lobectomy with the exception of the 12 mm subxiphoid port being
placed in the right paramedian position instead for appropriate angling for laparoscopic
staple firing
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Fig. 2.
Summary of minimally invasive liver resection (a) and laparoscopic anatomic resection (b)
experiences at University of Pittsburgh Medical Center (UPMC) (2001–2011). 432 total
minimally invasive liver resections including pure laparoscopic, hand-assisted, hybrid and
robotic techniques were performed at UPMC over the last decade. The majority of anatomic
resections carried out at UPMC were left lateral sectionectomies (LLS) followed in order of
decreasing frequency, left and right hepatic lobectomy
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Fig. 3.
Summary of University of Pittsburgh Medical Center (UPMC) laparoscopic anatomic liver
resection experience (2001–2011) as broken down by technique (pure laparoscopic vs. hand-
assisted vs. hybrid) (a) and type of resection performed (left lateral sectionectomy, left
lobectomy, right lobectomy) utilizing each technique (b). The majority of laparoscopic
anatomic lobectomies performed at UPMC were carried out utilizing a hand-assisted
technique. Furthermore, the vast majority of left and right lobetcomies (88 %) performed in
our experience were carried out with either hand assistance or via the hybrid technique
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Table 1

Operative (A) and post-operative (B) characteristics of 113 laparoscopic anatomic liver resections performed
at University of Pittsburgh Medical Center (UPMC) (2001–2011) as broken down by technique utilized

Pure
laparoscopic
(24 cases)

Hand-
assisted
(78 cases)

Hybrid
(11 cases)

A Operative characteristics of 113 laparoscopic anatomic liver
 resections

 Left lateral
  sectionectomy

19 53 0

 Left 3 17 5

 Right 2 8 6

 Benign/malignant 16/8 57/21 3/8

 EBL (mL) 91 ± 104 96 ± 97 93 ± 49

 Transfusions (# of
  pRBC units)

1 4 0

 OR time (min) 188.2 ± 92/7* 264.5 ± 71.2 298.4 ± 82.2

B Post-operative characteristics of 113 laparoscopic anatomic liver
 resections

 Complication rate 3 7 2

 Major
  complication
  rate

1 4 1

 Post-operative
  ICU stay

1 3 0

 Length of stay
  (days)

2.5 ± 1.5* 3.5 ± 1.5 3.8 ± 1.5

30-day mortality 0 0 0

The pure laparoscopic series of patients exhibited decreased overall recovery times and lengths of stay compared to patients in the hand-assisted
and hybrid groups. This reflects the increased complexity of cases done in both the hand-assisted and hybrid groups compared to the pure
laparoscopic group

EBL estimated blood loss, LLR laparoscopic liver resection, OLR open liver resection, MILR minimally invasive liver resection, OR overall
recovery, pRBC packed red blood cells, UPMC University of Pittsburgh Medical Center

Asterisk indicates p < 0.05 vs hand-assisted or hybrid groups
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