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Centrally located liver tumors can be removed
by either right or left trisectionectomies. These pro-
cedures are technically demanding and remove 60%
to 85% of the liver parenchyma, much of which may
not be involved with the neoplasm, and are often
associated with severe complications, including he-
patic failure.1 To reduce the risk of liver failure after
extended liver resection, it is possible to perform
preoperative portal embolization to obtain hypertro-
phy of the future remnant liver.2,3 Another option is to
minimize the volume of normal liver resected by remov-
ing only the central hepatic segments (Couinaud’s seg-
ments 4, 5, and 8).4 This technique, called central
hepatic resection or mesohepatectomy, was first
described in 1972 by McBride and Wallace.5 Meso-
hepatectomy, however, has not gained the popular-
ity of extended hepatectomy probably due to the
complexity of the procedure.

The development of segment-based resection us-
ing intrahepatic Glissonian6 access made it possible
to develop techniques to identify and isolate the right
and left segmental Glissonian pedicles.7,8 These tech-
niques allow complete ischemic demarcation of the
central liver segments that facilitate anatomic me-
sohepatectomies with sufficient residual liver.
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Mesohepatectomy is mentioned rarely in the
literature; only 5 papers were found dealing di-
rectly with this procedure:1,9-12 two case re-
ports,10,11 two papers from the same group11,12

(one of which was in German12), and only one
with a detailed description of the technique.1 We
are aware that this procedure is performed fre-
quently in many centers,13 but there is a lack of
technical description of this complex procedure
in the literature. In this study, the authors report
the results of their own technique of mesohepa-
tectomy based on an intrahepatic Glissonian ap-
proach described previously.7,8

PATIENTS AND METHODOS
Patients. Eight patients with centrally located

primary or secondary neoplasms were prospectively
evaluated from July 2002 to December 2005. There
were 3 men and 5 women with a mean age of 63
years (range, 48 to 79 years). Four patients had
colorectal liver metastases, one had intrahepatic
cholangiocarcinoma, two had hepatocellular carci-
noma (one with cirrhosis), and one had benign
liver neoplasm. The neoplasms were single in 5 pa-
tients and multiple in 3, with mean size of 5.5 cm
(range, 3 to 8 cm). Preoperative investigation in-
cluded liver and renal function tests, complete blood
count, and coagulation profile. All patients under-
went abdominal computed tomography (CT) and/
or magnetic resonance imaging (MRI). Operative
procedure, postoperative outcome, and outpatient
follow-up were evaluated and the following data
collected prospectively: duration of operation and
hospital stay, perioperative blood transfusions, and
postoperative complications. Patients were selected

for mesohepatectomy when the lesion or lesions
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were located in the central segments 4, 5, and 8;
there was no portal vein invasion; and an adequate
margin (at least 1 cm) of nontumoral hepatic tissue
could be obtained. The decision to perform a meso-
hepatectomy was confirmed after intraoperative ul-
trasonography showed the possibility to perform a
free margin resection. Patients with mild or mod-
erate steatosis or with cirrhosis were candidates for
a liver-sparing surgery.

Operative technique. A bilateral subcostal inci-
sion extended along the midline up to the xyphoid
or a J-shaped incision is performed. The right liver
is mobilized by transecting falciform, right triangu-
lar, and coronary ligaments. A routine intraopera-
tive ultrasonography is performed at the beginning
of the operation to identify the course of the left
and right hepatic veins, especially when the neo-
plasm is located in the upper portion of the liver.

Fig 1. A, The Glissonian pedicle of segment 4 is en
view). B, Schematic view of intrahepatic access of G
pedicle is clamped, resulting in ischemic delineatio
of ischemic delineation of segment 4.
The round ligament then is retracted upward, ex-
posing the umbilical fissure between segments 3
and 4. Using the round ligament as a guide, one
small incision is made at the base of the round
ligament on its right side. Another small anterior
incision is made 2 to 3 mm over the hilum at the
left base of segment 4. With a right angle clamp
(Mixter; Aesculap Inc., Center Valley, Pa) intro-
duced through these two incisions, it is possible to
isolate the Glissonian pedicle of segment 4 (Fig 1, A
and B). Clamping of this pedicle results in ischemic
demarcation of segment 4 (Fig 1, C and D). In
some cases, the portal pedicles of subsegments 4A
and 4B may arise separately; in those cases, the
ischemia is confined to one of the subsegments,
often the 4B. To reach the portal pedicle of the
subsegment 4A (upper part of segment 4), the
Mixter clamp is inserted deeper and behind the
round ligament. A cholecystectomy is then per-

assed by a large right angle clamp (intraoperative
ian pedicle of segment 4. C, Segment 4 Glissonian
egment 4 (intraoperative view). D, Schematic view
comp
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To reach the right anterior pedicle, 2 incisions
are necessary: (a) a small anterior incision is made
2 to 3 mm over the hilum at the right base of
segment 4; (b) another small incision is performed
on the right edge of the gallbladder bed. The
Mixter clamp is inserted through the anterior inci-
sion in front of the hilum with a 60o angle reaching
the second incision to allow access to the right
anterior pedicle (Fig 2, A and B). The pedicle is
then clamped and ischemic demarcation of seg-
ments 5 and 8 is obtained. At this time, the limits of
the right anterior sector (segments 5 and 8) and
segment 4 are defined clearly through an ischemic
delineation (Fig 2, C and D). The pedicle is then
tied and divided (a vascular stapler may be used as
well). The liver parenchyma is then transected by a
clamp-crushing technique following the ischemic

Fig 2. A, Using anatomic landmarks as guide, the G
a right angle clamp (intraoperative view). B, Schem
(segments 5 and 8). C, The Glissonian pedicle of rig
4 pedicle, resulting in ischemic delineation of the
and 8). D, Schematic view of ischemic delineation
lines (Fig 3, A and B). It is important to note that
the Mixter clamp should be inserted inside the liver
substance and not at the interface between the liver
parenchyma and peritoneal cavity. This maneuver
is safe once the thick Glissonian sheath inside the
liver protects the portal triad (bile duct, hepatic
artery, and portal vein branches) from damage.

All these steps are performed without hilar dissec-
tion or pedicle clamping. In one patient with a large
neoplasm located superiorly, total vascular exclusion
was necessary during part of the liver transection.
Two round 19 F Blake abdominal drains (Ethicon,
Inc, Cincinnati, Ohio) are left in place in all patients.

RESULTS
We have used this technique successfully in all

patients. Blood transfusion was required in one pa-
tient (3 units). Mean operative time was 300 minutes

ian pedicle of right anterior sector is encircled by
iew of intrahepatic access of right anterior pedicle
erior sector already is clamped along with segment
for an anatomic mesohepatectomy (segments 4, 5,
esohepatectomy.
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(range, 240 to 540 minutes). The median hospital
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stay was 6 days (range, 5 to 9 days). One patient
developed bile leakage, which was managed con-
servatively with late removal of the drain. No pa-
tient had liver failure, and no postoperative
mortality was observed. All 7 patients with malig-
nant neoplasms had negative surgical margins of at
least 1 cm. Three patients had moderate steatosis,
two had mild steatosis, and another had hepatocar-
cinoma in a cirrhotic liver. Intraoperative liver ul-
trasonography confirmed the site and size of the
lesions diagnosed by CT and/or MRI. In one pa-
tient with colorectal liver metastasis, another liver
metastasis was observed within segment 6, and part
of this segment was resected with the central seg-
ments.

The mean follow-up was 20 months. All patients
are alive, but two have recurrent disease. One pa-
tient with cholangiocarcinoma developed an intra-
hepatic recurrence away from the cut surface 30
months after operation, and another patient devel-
oped pulmonary metastases 12 months after liver
resection.

DISCUSSION
Anatomic liver resection is defined as the re-

moval of liver segments following anatomic limits.
Respect of anatomic landmarks of liver segments
during resection prevents impairment of the vascu-
larization of the remaining parenchyma and exces-
sive bleeding.

Anatomic mesohepatectomy is achieved by en
bloc resection of Couinaud’s segments 4, 5, and 8,
preserving the right posterior and left lateral sec-
tors and the caudate lobe (segments 6-7, 2-3, and

Fig 3. Mesohepatectomy. A, Intraoperative view of
B, Schematic view of the remnant liver after remo
1). Mesohepatectomy involves resection of hepatic
tissue supplied by both right and left portal
pedicles. This type of procedure was described ini-
tially to obtain free margins in cases of hilar chol-
angiocarcinoma and gallbladder cancer.4,11 Recently,
it has been used as an alternative to extended right- or
left-liver resections because, with these resections, the
volume of the removed liver accounts for 85% of the
whole functioning liver.12,14 With extended hepatic
resection, the right or left liver and 2 additional seg-
ments on the opposite side of the liver are removed.
This procedure may result in life-threatening post-
operative liver failure, especially in patients with
chronic liver disease and in those with injured liver
(chemotherapy, major steatosis, cholestasis). More-
over, according to some authors, segment-oriented
resection provides better short-term results than
nonanatomic resection or extended resections.13

Despite the fact that mesohepatectomy is a liver
parenchyma-sparing procedure, it is seldom used
because it is technically demanding. The complex-
ity of mesohepatectomy is based on dissection of 2
hepatic pedicles, doubled area of raw liver surface,
proximity to the main hepatic veins, and necessity
of preserving portal pedicles to the remaining liver
segments. Mesohepatectomy is oncologically equiv-
alent to extended resections, and the overall dura-
tion of the procedure can be the same as that in
lobar extended resections, if classic techniques are
employed.1 This type of resection preserves a greater
amount of liver parenchyma than that after ex-
tended hepatic resections. According to Scud-
amore et al,1 mesohepatectomy is associated with
lower rates of complications and shorter postoper-

ver surface after resection of segments 4, 5, and 8.
segment 4, 5, and 8.
raw li
ative hospitalization. Indeed, in our experience,
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there were no major complications, and the me-
dian hospital stay was 6 days.

Two techniques have been described for meso-
hepatectomy: (a) individual ligation and division of
the vessels supplying the segments 4, 5, and 8 be-
fore the transection of the liver parenchyma, with
transection of the liver parenchyma under tempo-
rary total hepatic inflow occlusion; and (b) ligation
and division of the central pedicles of the liver
segments during liver transection under a Pringle
maneuver. The proposed technique is fast, easy to
perform and avoids individual hilar dissection of
artery, portal vein, and bile duct from segments 4,
5, and 8, and minimizes risks due to anatomic
variations. Different from other intrahepatic Glis-
sonian techniques,6,13,15 this technique precludes
extensive dissection around the hilar plate by using
small incisions according to specific anatomic land-
marks.

Total hepatic inflow occlusion, despite the pos-
sibility of postoperative liver failure, is usually ap-
plied during classic techniques. The intrahepatic
Glissonian approach, as proposed, avoids total in-
flow occlusion because only the pedicles to segments
4, 5, and 8 are clamped. This approach may be of
special importance in cirrhotic patients. Moreover,
if bleeding occurs at one side during the paren-
chyma transection, hemihepatic inflow occlusion
can still be applied. In case of major bleeding
during parenchymal transection, a Pringle maneu-
ver can be applied. However, if the bleeding comes
from hepatic veins, total vascular exclusion is nec-
essary until complete control of the bleeding site is
obtained, which occurred in one of our patients.

Another advantage of the intrahepatic Glisso-
nian access is to achieve quick pedicle control that
results in ischemic demarcation of the area to be
resected. The liver parenchyma can be transected
by several ways, but we prefer the classic clamp
crushing technique because it is more cost-effi-
cient, as was confirmed recently.16

The technical difficulties of this procedure can
be justified if morbidity of the alternative extended
resections is considered. In fact, the risk of hepatic
failure in patients with impaired liver function, such
as moderate steatosis or cirrhosis, is higher after ex-
tended resections than after limited resections. The
use of anatomic-based techniques, such as an intra-
hepatic Glissonian approach, may help identify the
exact limits of the mesohepatectomy to avoid isch-
emic injury of the remnant liver. Therefore, centrally
located neoplasms should not be a straightforward
indication for extended hepatectomy for patients
in whom a liver-sparing procedure, such as meso-

hepatectomy, can be used safely. In spite of its
technical complexity, mesohepatectomy may be-
come the standard procedure for lesions located in
the central part of the liver.
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