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Modern liver surgery started in the 1950s when Lortat-Jacob and his colleagues
performed the first anatomical hemihepatectomy. At that time C. Couinaud described
the modern anatomy of the liver. The next mile stone was the clarification of the ways
to control bleeding during liver resection. The Pringle maneuver and total vascular
occlusion helped surgeons to control the hemorrhage which earlier had been a major
problem during liver operations.

Remarkable progress was made with new possibilities in the diagnostic area of liver
diseases. A number of imaging modalities are now available to assess the hepatic
parenchyma, vasculature, and biliary tree.
The out-dated cholecystography and intravenous cholangiography has been replaced by
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modern sonography. Today, sonography is the initial study of choice for hepatobiliary
disorders. It is relatively inexpensive, does not require ionizing radiation and can be
used both at the bedside and intraoperative. Modern ultrasound examination shows not
only the stones in the gallbladder but is also very helpful in analysis of liver lesions. The
Doppler scan enables analysis of the arterial, portal and hepatic blood flow. Contrast
agents have been introduced to enhance the accuracy of ultrasound; which includes a
micro-bubble technique for very small lesion detection.
Nowadays new computed tomography is very accurate in defining hepatic anatomy with
vascular and biliary tree reconstruction. It gives us detailed information about the
architecture of the liver and three dimensional reconstructions. CT with intravenous
contrast is an excellent way to identify and characterize hepatic masses.
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Magnetic resonance imaging with cholangioMRI is another diagnostic device. MRI
produces images in a number of planes and provides an excellent resolution between
tissues containing differing amounts of fat and water.
CholangioMRI has developed our possibilities in diagnosis of biliary tree changes. It is
an alternative method of diagnostic endoscopic cholangiopancreatography. The study in
comparison with retrograde cholangiography is non invasive and provides very precise
pictures.
A further option for liver imagery is positron emission tomography. Clinical
applications include detection and staging of primary hepatic malignancies, evaluation
of metastases, and differentiation of benign from malignant liver lesions.
Modern liver surgery depends also on new devices used during the operation. The liver
surgeon has an accurate knowledge of liver anatomy and is equipped with new tools for
liver resection. Old techniques such as finger fracture have been replaced by ultrasonic
dissector, harmonic scalpel, and water jet. Today we speak about bloodless liver surgery
and we do a termoresection exploiting the idea known from termoablation of liver
tumor.
The new diagnostic possibilities, new tools for liver resection and modern knowledge of
liver, allows surgeons to improve the results in the treatment of liver diseases. Benign
tumors as cysts, hemangiomas, focal nodular hyperplasia, adenomas are recognized
with the help of ultrasound, CT or MRI. The treatment strategy based on accuracy
diagnosis helps us to recommend for surgery only symptomatic lesions.
Major progress has been observed in the diagnosis of hepatocellular carcinoma,
cholangiocarcinoma as well as secondary tumors. Very rarely do we decide to conduct a
biopsy. The diagnosis is grounded on less invasive imaging procedures. We know
which group of patients with hepatocellular carcinoma can profit from surgery, how we
should stage the tumors and in what time send the patients for liver transplantation. We
must remember that the majority of patients with HCC suffer from cirrhosis and the
liver resection is very limited.
Differentiation of peripheral cholangiocarcinoma is very difficult in regard to other
types of adenocarcinoma. Also this lesion is an indication for liver surgery. The
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problem is with early diagnosis because the tumor grows in the healthy liver.
Secondary tumors are the most common tumors in liver parenchyma. Cure resection is
the choice of treatment of these group of patients. But synchronous colorectal liver
metastasis in many patients is out of surgery. Only about 15 – 20% patients with
metachronous liver metastasis can be resected. Present liver surgery gives new
strategies for bilobar metastasis. The so called two step hepatectomy with portal vein
embolization increases resectable rate. In general the survival time of patients with
secondary tumors has increased and the mortality and morbidity after liver resection
decreased.
1. Introduction
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The oldest document describing the liver dates back to the Mesopotamian period. Stone
inscriptions from this period indicate the year 3500 B.C. Sumerians and Acadians also
had knowledge about some body organs including the liver. The liver was then
considered as an organ of fate and priests described the livers of sacrificial animals with
particular diligence. On the basis of the nature of the surface, the configuration, and the
consistency of the organ prediction was made and seen as determining fate. In about
2000 B.C. priests made various interpretations for making divinations.

This sort of divination was also found in the Holy Bible. In the Old Testament it is said
how important for life the liver is. The Egyptians, too, during the embalming of the
kings handled the liver particularly cautiously. Plato believed that the liver was the seat
of the organic soul. In Ancient Greece the legend of Prometheus indicated the
regenerational possibilities of the liver because every day the eagle ate up Prometheus’
liver only to be regenerated during the night. The first exact position of the liver was
described by Herophilos of Chalcedon (334 – 280 B.C.). The next important data
originates from Galen of Pergamon (129 – 199 AD), who created the medical and
anatomical basis of the liver that remained unsurpassed until the 15th century.
The improved knowledge of liver anatomy resulted in further progress. In 1888 Rex and
in 1898 Cantlie described the blood supplies to the two lobes of the liver. They also
indicated the line of the division of the liver into two lobes.
The first liver resection with control of the blood supply to the resected lobe was
performed by Walter Wendel in 1911. The first fully anatomical liver resection was
performed in 1952 by Lortat-Jacob.
In 1954 Claude Couinaud made the full description of the segmental division of the
liver corresponding to the portal, arterial and hepatic blood flow as well as biliary tree
division.
In the 1950s Lin described “finger fracture”, the surgical technique of the division of the
liver with the finger or blunt surgical instruments. This technique has remained popular
until present times.
During recent years the technical instrumentation has been extended by new techniques
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such as ultrasound dissection, laser application, water jet technology and others. Various
types of coagulation and fibrin sealant technologies are used to cover the resected
surface. This progress has diminished the mortality rate after liver resection from 15%
to 2% - 3%.
2. Terminology
The modern term liver anatomy refers to the anatomy based on the liver division into 8
segments (Figure 1). Each segment is an autonomic unit of the liver. That means there is
arterial blood supply, portal blood supply, outflow of blood through the hepatic vein and
segmental hepatic duct by which bile flows out.
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The term liver resection means that a part of the liver is removed. Liver resection can be
anatomical and nonanatomical. We talk about anatomical liver resection when we
perform a resection of one or more segments. If we perform a resection out of the
segmental anatomy we call this procedure nonanatomical liver resection.

Figure 1. Schema of the anatomy of the liver – by C. Couinaud (1954)

The term liver ischemia indicates that the operation is performed with restriction of
arterial and portal blood supply – temporal occlusion of the hepatic artery and portal
vein. The term total vascular exclusion indicates a stop to blood inflow and blood
outflow.

The term hemihepatectomy is used to describe the resection of segments I, II, III and IV
– left hemihepatectomy or segments V, IV, VII and VIII – right hemihepatectomy.
Extended hemihepatectomy means that liver resection comprises more than four
segments e.g. the term right extended hemihepatectomy indicates that the resection
includes segments IV, V, VI, VII and VIII.
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3. Liver Resection
3.1. Liver Resection Nomenclature
The nomenclature of liver anatomy and resection was clarified in 2000. It was prepared
after the International Hepato-Pancreato-Biliary Association Congress in Brisbane in
Australia and published in The Hepato-Pancreato-Biliary Surgery Journal.
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The term right hemiliver is equivalent to the right liver and left hemiliver is equivalent
to the left liver. The border between the right liver and the left liver which separates the
two hemilivers is a plane which runs from the gallbladder fossa to the fossa for the
inferior vena cava and is called the midplane of the liver (Figure 2).

Figure 2. Schema of the midplane of the liver

The right liver consists of segments V, VI, VII, and VIII according to Couinaud
nomenclature. The right hepatectomy or the right hemihepatectomy means that the
surgeon removes segment V, VI, VII and VIII (Figure 3) and sometimes stipulates
segment I. The left hepatectomy or the left hemihepatectomy means that the surgeon
removes segment II, III and IV (Figure 4) and sometimes stipulates segment I.
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Figure 3. Schema of the right hepatectomy

Figure 4. Schema of the left hepatectomy

In regard to bile ducts and the hepatic artery the liver is divided into four sections: right
anterior section, right posterior section, left medial section and left lateral section. The
right anterior section is comprised of Couinaud’s segment V and VIII, right posterior
section - segment VI and VII, left medial sector - segment IV and left lateral section segment II and III. As regards the liver anatomy the term right anterior sectionectomy
means that the surgeon removes segment V and VIII. The right posterior sectionectomy
defines the removing of segments VI and VII. The left medial sectionectomy is the other
attribute of the resection of segment IV. The left lateral sectionectomy means that
segments II and III are removed. It is also called bisegmentectomy II and III.
During the resection we can remove only one segment – segmentectomy or two
segments (II and III or V and VI) - bisegmentectomy (Figure 5).

©Encyclopedia of Life Support Systems(EOLSS)

U
SA NE
M SC
PL O
E –
C EO
H
AP LS
TE S
R
S

MEDICAL SCIENCES – Vol.II - Advances and Current Progress of Liver Surgery - Marek Krawczyk

Figure 5. Schema of the bisegmentectomy

In American literature the term right trisectionectomy or extended right hepatectomy is
sometimes used. During this operation we remove segments: IV, V, VI, VII and VIII. In
special situations segments: I, IV, V, VI, VII and VIII may be resected. Left
trisectionectomy or extended left hepatectomy means the resection of segments II, III,
IV, V and VIII. Occasionally we can extend the left hemihepatectomy to segment I.
The term right anterior sector or right paramedian sector is based on portal vein
division. It refers to segments V and VIII. The right anterior sector and right anterior
section are synonyms. Surgical resection of this structure is called the right anterior
sectorectomy or right paramedian sectorectomy. The right posterior sector or the right
lateral sector comprises segments VI and VII and right posterior sectorectomy or right
lateral sectorectomy means the removal of segments VI and VII. The right posterior
sector and the right posterior section are synonyms. The left medial sector and the left
paramedian sector concern segment III and IV respectively. Left medial sectorectomy or
bisegmentectomy III and IV refer to the resection of segments III and IV. The left
medial sector and the left medial section are not synonyms. The left lateral sector or the
left posterior sector concern segment II, so left lateral sectorectomy or left posterior
sectorectomy or segmentectomy II refer to resection of segment II. The left lateral sector
and the left lateral section are not synonyms either. There is a difference between a
small liver resection and a large one. The term small liver resection means that less than
2 segments are resected. The resection of 3 or more segments is called large liver
resection.
-
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