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How I do it
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bstract

The main goal of segmental technique is to preserve the maximum amount of liver parenchyma. Liver-preserving techniques are
specially important for patients with hepatocellular carcinoma and cirrhosis. We report the technique for segmental liver resection in
irrhotic patients and detail technical difficulties and immediate surgical outcome. For right segmental liver resections the intrahepatic access
s performed through small incisions around the hilar plate. Left segmental resection technique also consists of small incisions following
pecific anatomic landmarks. Nineteen cirrhotic patients underwent segmental liver resections. A blood transfusion was required in 2
atients. No patient experienced major bleeding from the liver incisions made for intrahepatic access. The median hospital stay was 5 days.
o surgical mortality occurred. The intrahepatic access technique allows individual resections of liver segments and is feasible even in

irrhotic patients. Knowledge of segmental liver resection techniques is an essential armamentarium in the modern era of liver surgery.
2006 Excerpta Medica Inc. All rights reserved.
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epatic resection is considered the optimal treatment for
rimary and secondary liver tumors, however, in patients
ith hepatocellular carcinoma, because of the high inci-
ence of cirrhosis and the inability of the diseased liver to
ustain parenchymal reduction and surgical trauma, resec-
ion may be limited.

Wedge resections have been used as a tissue-preserving
echnique for cirrhotic patients, however, its drawback is that it
ay produce a fracture between the tumor and the surrounding

iver tissue, which results in positive margins in up to 30% of
he patients even in experienced surgeons’ hands [1]. Accord-
ng to some investigators, anatomic segmental hepatic re-
ection has better results than wedge resection as an onco-
ogic surgery for both hepatocarcinoma and colorectal liver
etastases [2,3].
The knowledge of liver anatomy and advances in imag-

ng technology have made segmental anatomic liver resec-
ions easier by reducing intraoperative bleeding and by

* Corresponding author. Tel.: �55-11-3289-1188; fax: �55-11-3289-
188.
tE-mail address: dr@drmarcel.com.br

002-9610/06/$ – see front matter © 2006 Excerpta Medica Inc. All rights reserv
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roviding adequate margins and a low rate of postoperative
omplications [4–6]. Launois and Jamieson [7] described
n intrahepatic access to right Glissonian pedicles that in-
olves major hilar plate dissection, blunt digital maneuvers,
nd hilar clamping that may be hazardous in cirrhotic livers.
e recently reported an intrahepatic access for both right

nd left segmental liver resections that allows the re-
oval of individual hepatic segments [8,9]. These tech-

iques were used mainly in patients with normal livers.
ith the improvement of experience the indications were

xpanded for cirrhotic patients. In this article we report
he segmental liver resection technique in cirrhotic pa-
ients and detail the technical difficulties and immediate
urgical outcome.

echnique

reoperative evaluation and patient selection

Preoperative investigation included liver and renal func-

ion tests, complete blood count, and coagulation profile.

ed.
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ll patients underwent an abdominal computed tomography
can and/or magnetic resonance imaging. Patients with
hild-Pugh’s class A cirrhosis and small hepatocellular
arcinoma occupying no more than 2 liver segments were
elected for liver resection. The segmental approach was
sed whenever an adequate margin of at least 1 cm could be
nticipated.

urgical technique

A bilateral subcostal incision extended superiorly in the
idline to the xyphoid was performed and the liver was
obilized in a standard fashion. Intraoperative ultrasound

valuation was performed in every patient. For right
egmental liver resection the intrahepatic access was per-
ormed through 3 small incisions around the hilar plate as
reviously described [8]. A small anterior incision was
ade in front of the hilum to disclose the anterior surface

f the right hepatic pedicle. A second incision was made
erpendicular to the hepatic hilum in segment VII and a
hird incision was made on the right edge of the gallblad-
er bed (Fig. 1). A large curved Mixter clamp was in-
erted through the incisions to approach either the ante-
ior or posterior sectors’ Glissonian pedicles (Figs. 2 and
). To access each segment’s Glissonian pedicle of the
ight liver to perform unisegmentectomies V, VI, VII, or
III, further blunt dissection deep in the parenchyma was
eeded (Fig. 4). Once identified (Fig. 4A), the right posterior
edicle was dissected on its anterior surface for 10 to 15 mm
here it was possible to identify bifurcation of segments
I and VII (Figs. 4B and 4C). At this time each segmen-

al pedicle from segments VI or VII could be encircled
ndividually (Fig. 4C, small arrow) and clamped, result-

ig. 1. Incisions used for intrahepatic access of right liver Glissonian

edicles (segments V, VI, VII, and VIII). r
ng in ischemic delineation of the segment (Figs. 4D and
). The same maneuver can be used to identify the Glis-
onian pedicles of segments V and VIII.

For left segmental resections, the technique also consists
f small liver incisions following specific anatomic land-
arks such as the Arantius and round ligaments [9]. On the

eft liver it is possible to individually reach any segment
edicles without deep parenchymal dissection. With 3 small
ncisions it is possible to reach the pedicles of segments II
nd III (Fig. 6). The first incision was made on the left
argin of the round ligament, the second behind the caudal

ortion of the Arantius ligament, and the third midway

ig. 2. Intrahepatic Glissonian access of the right posterior pedicle (con-
aining arterial, portal, and bile duct branches of segments VI and VII).

ig. 3. Intrahepatic access for right segmental resection. A, Right anterior
lissonian pedicle (containing arterial, portal, and bile duct branches of

egments V–VIII). P, Right posterior Glissonian pedicle (containing arte-

ial, portal, and bile duct branches of segments VI–VII).
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etween the first 2 incisions. A large Mixter was inserted
hrough these incisions to encircle the Glissonian pedicles
rom segments II and/or III. Another 2 incisions were nec-
ssary to reach the segment IV pedicle (Fig. 6). One incision
as made on the right margin of the round ligament and

nother was made in front of the hilum.
Once identified, the Glissonian sheath was tied and divided.

he limits of the liver segment or segments became defined
learly through an ischemic delineation (Figs. 4A, 4D, and 5)
nd the liver parenchyma then was transected as usual. All
hese steps were performed without the Pringle maneuver.

esults

Nineteen consecutive cirrhotic patients underwent the
ntrahepatic pedicle approach technique for segmental liver
esections from September 2001 to February 2005. There
ere 11 men and 8 women, with a mean age of 61.8 years

range, 42–74 y). All patients had hepatocellular carcinoma

e posterior sector Glissonian pedicle is identified and clamped, resulting
row) is pulled downward and further blunt dissection on its anterior surface
tor pedicle (large arrow), it is possible to see the emergence of the segment
from segment VI already is clamped, resulting in ischemic delineation of

by the underlying cirrhosis.
ig. 4. Step-by-step technique for unisegmentectomy on the right liver. (A) Th
n ischemic delineation of segments VI and VII. (B) The posterior sector pedicle (ar
s performed. (C) After about 10 to 15 mm of blunt dissection over the posterior sec
I Glissonian pedicle already encircled (small arrow). (D) The Glissonian pedicle
ig. 5. Intraoperative view of segment VII ischemic delineation; segment
I is not ischemic. Inset: segment VII Glissonian sheath (containing

rterial, portal, and bile duct branches of segment VII) is divided using a

nd Child-Pugh’s class A cirrhosis.
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Sixteen patients underwent unisegmentectomies: 6 had
esection of segment VI (Fig. 4), 6 had resection of segment
II (Fig. 5), 2 had resection of segment III, 1 had resection
f segment V, and 1 had resection of segment VIII. Three
atients underwent bisegmentectomies: 2 had a bisegmen-
ectomy of segments II–III and 1 had a bisegmentectomy of
egments VI–VII.

A blood transfusion (mean, 2 U) was necessary in 2 patients
10.5%). No patient experienced major bleeding from the liver
ncisions made for intrahepatic access, and the mean surgical
ime was 227 minutes (range, 180–310 min). Preoperative and
ostoperative laboratory data are shown in Table 1. Eight
atients (42.1%) developed postoperative ascites that required
iuretics but had good outcome. There was no correlation
etween the amount of liver resected and the development of
scites. Despite the presence of cirrhosis, no patient developed
ostoperative liver failure and no surgical mortality occurred.
he median hospital stay was 5 days (range, 5–8 d). All
atients had free surgical margins at histologic evaluation.

omments

The main advantage of segmental resections is to allow
he surgeon to tailor the extent of the resection to the extent
f the tumor, preserving the maximum amount of liver paren-
hyma. This is of particular importance for patients with un-
erlying cirrhosis. Moreover, because of the tendency of hep-
tocellular carcinoma to propagate through the portal vein

ig. 6. Incisions used for the intrahepatic access of the left liver Glissonian
edicles.
10], the removal of the entire territory of the feeding portal
edicle is advisable and can be achieved by segmental
esection.

Similar survival rates after segmental resections and
emihepatectomies have been reported [11–13]. In addition,
ome investigators have shown that the number of hepatic
egments resected is the main predictor of perioperative
orbidity and mortality [1,14].
Technical difficulties were encountered during the study

nd should be reported. In cirrhotic livers, incisions for
ntrahepatic access are prone to bleed and caution must be
aken, these incisions must be located precisely to avoid
arger wounds and further bleeding. There were no major
ifficulties to reach the Glissonian sheaths of segments VI
nd VII separately because they usually present early bifur-
ation near the hilar plate and their course may be apparent
nside the incisura dextra of Gans [15]. The Glissonian
heaths of segments V and VIII may be located deep in the
iver parenchyma, hence further dissection is needed and
ay cause bleeding. A possible alternative to the anatomic

emoval of segments V or VIII is the temporary clamping of
he right anterior pedicle and proceeding with the resection
f segments V or VIII (resection under right anterior sector
nflow control). The limits of those segments can be esti-
ated by dividing the liver anterior sector exactly in the
iddle. The same strategy can be used if one experiences

ny difficulty reaching segments’ VI or VII Glissonian
edicles. For left liver segmental resections we did not find
ny difficulty in identifying the Glissonian pedicle of seg-
ents II and III individually.
In bisegmentectomies VI–VII or V–VIII the technique is

ppropriate once the retrieval of the pedicles of right ante-
ior and posterior sectors is not difficult to obtain [8,16],
owever, right inferior (V–VI) or superior (VII–VIII) bi-
egmentectomies involve dissection inside the hilar plate
eep in the parenchyma, which may be hazardous in
irrhotic patients.

Our data showed that the inflow control achieved by the
lissonian approach resulted in limited bleeding whereas
nly 2 of our patients required a blood transfusion. Regard-

able 1
ean preoperative and postoperative (third day) laboratory data

Preoperative
(mean � SD)

Third
postoperative day
(mean � SD)

emoglobin level (g/dL) 14.0 � 1.1 11.4 � 1.7
ematocrit level (%) 41.2 � 4.0 34.7 � 4.6
spartate transaminase level (U/L) 72.4 � 50.7 206.6 � 150
lanine transaminase level (U/L) 86.8 � 55.8 245.8 � 271.4
otal bilirubin level (mg/dL) .9 � .3 1.2 � .5
lbumin level (g/dL) 4.2 � .5 3.4 � .3
rothrombin time (international
normalized ratio) 1.2 � .2 1.8 � .3

lkaline phosphatase level (U/L) 99.4 � 36.2 74 � 8.6
ammaglutamyltransferase level
(U/L) 121.8 � 69.4 82.5 � 50.1
n � 19.
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ng vascular control, minimizing bleeding is crucial because
lood loss seems to affect both short- and long-term out-
omes after liver resection [17]. In our series, the morbidity
as represented mainly by postoperative ascites, which
ere managed easily with diuretics. No major complica-

ions were observed and the median hospital stay was short,
robably owing to the preservation of liver function, a
onsequence of tissue-preserving resection without the Prin-
le maneuver.

Segmental liver resection with the proposed technique is
easible even in cirrhotic patients. Segmental inflow control
right anterior or posterior sector clamping) is easy to
chieve with the proposed technique and can be used to
erform individual resections of right liver segments. The
nowledge of segmental liver resection techniques is essen-
ial in the modern liver surgery context.
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