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After Pecquet (1651) it was Glisson (1654) who gave a clear description
of the liver hilum ; the loose connective tissue entering the liver with the
portal vessels and sheathing the larger vessels has been termed after him
Glisson’s capsule or Glisson’s pedicle. Since these first descriptions no other
works seem to have appeared until recent times which would deal with the
part played by these sheaths of connective tissue in the structure and seg-
mentation of the liver. Let us mention for the sake of comparison that a
detailed description regarding the anatomy of the bronchi was published by
Aeby as far back as 1880, while it was only in 1932 that Kramer and Glass
divided the lung into much smaller anatomical and pathological parts than
the lobes, namely into segments. The segmental structure of the lungs has
become a household concept in medical science, and is of great significance
in both clinical and pathological practice.

The development of the lung and that of the liver shows many common
features. Both organs are entodermal in origin arising from the primitivegut.
The chief features of their later structure appear as early as the third intra-
uterine month. Both organs are provided with a functional and a nutritive
vascular system. We regard the pulmonary segments as bronchovascular
units in which bronchi and arteries constitute the pedicle of the segment;
subsequently, they run and divide together in the parenchyma, while
the venous trunks are arranged alongside of the intersegmental septa. —
In the division of the liver into segments the same principles have
been observed. Thus, each hepatic segment constitutes a bilio-vascular
unit, the pedicle of which consists of a branch of the portal vein, the hepatic
artery and the hepatic duct. Arising in the porta hepatis from a common
Glisson capsule, these structures divide together in the hepatic parenchyma.
The branches of the hepatic vein run in the intersegmental scissures.
These scissures of the liver appear between the Glisson capsules : they are
comparatively poor in vessels, containing only one of the main rami of
the hepatic vein. So far, no intersegmental septa could be demonstrated in
them with any certainty.
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The segmental structure of the liver has engaged the attention of a num-
ber of recent authors. The segmentation, as defined by them, is based either
on the arrangement of the portal vessels or the ramification of the hepatic
vein. Confining themselves to surgical considerations, they seem to neglect
the fundamental principle that — in distinguishing separate hepatic areas —
nothing but integral bilio-vascular units can be accepted as independent
segments.

After a profound and detailed study of the anatomy of the intrahepatic
vessels, biliary ducts and Glisson’s-pedicles, Couinaud (1954) divided the liver
into eight segments (I to VIII) on account of the distribution of Glisson’s cap-
sules. The division suggested by Etias (1954), based principally on the rami-
fication of the hepatic vein, rather arbitrary, while Healey (1954) and Junes
(1956) pay due regard to the topography of both the portal vessels and the
branches of the hepatic vein, so that the primary significance of their segmento-
logy lies in the field of surgery.

No segmentological works have been published in the Hungarian literature,
while we encounter significant works concerning the intrahepatic anatomy
of special formations, e. g. Gellert, A. (1931), Kadar, F. (1952), Hittner, I.,
HUTTL, T., Zseb6k, Z. (1952).

Relying on literary data and on their own preparations, the present
authors propose to present in the following division into segments of the liver
in which each segment forms a separate bilio-vascular unit and which may
serve not only surgical purposes but also those of localization in pathology.

Anatomical descriptions distinguish two hepatic surfaces a convex ante-
rior and a concave posterior surface. The first is divided into a right and a
left part by the falciform ligament. An H-shaped groove appears on the second ;
the horizontal cross bar of this groove is occupied by the portal vessels, its
left inferior leg by the round ligament of the liver, its left upper leg by the
duct of Arantius, its right inferior leg by the gall bladder and its right upper
leg by the v. cava inferior. The quadrate lobe lies between the inferior legs
of the H-shaped figure, the caudate lobe between its superior legs. On the
concave surface ofthe liver, near the upper border ofthe right lobe, we encounter
a comparatively large area which is not covered by peritoneum, while all other
parts of the liver — with the exception of the hilum —are protected by peri-
toneum. This peritoneal cover includes the gall bladder as well.

Between the bottom of the H-shaped groove on the concave surface
and the parenchyma of the liver is a strong layer of connective tissue, the
portal aponeurosis. The bed of the v. cava inferior is an exception in this
respect : it lies in the parenchyma without intervening aponeurosis. While
— as has been said above — the transversal bar of the H-shaped groove covers
the portal vessels, no vessels are found in the upper left and lower right leg
of the figure ; these are the remains of the duct of Arantius and the supra-



Fig. 1 Branches of the portal aponeurosis,
and the origin of Glisson’s capsules
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Fig. 2. Glisson capsules in situ
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vesicular aponeurosis which lines the bed of the gallbladder. The proximal
two thirds of the left lower leg of the H-shaped groove form an area penetrated
by vessels, while its remaining distal third part forms the remains of the
obliterated umbilical artery and vein. It is at the points where the portal
aponeurosis is penetrated by the portal veins that Glisson’s capsides take
their origin (Fig. 1).

A little to the right of the juncture of the supra-vesicular and the portal
aponeuroses, a thick Glisson capsule arises perpendicularly to the liver’s con-
vexity which, shortly after its origin, divides in the sagittal plane into an
upper and a lower part. This is the dextro-anterior capsule. Laterally from
this, in the frontal plane (or rather somewhat toward the liver’s concavity
and upper border), another capsule arises which divides in a pectinate form
immediately after its origin, extending towards the right-side border of the
liver. This is the dextro-posterior capsule. Again, two to three thick capsules,
at right angles to the liver’s convexity, arise from the left-side portion of the
portal aponeurosis, immediately before its passing into the round ligament
of the liver. These are the sinistro-anterior capsules. Next to the origin of the
remains of the ductus venosus Arantii, one or two thicker capsules arise and
extend in the frontal plane towards the liver’s left-upper border. These are
the sinistro-posterior-superior capsules. Between these and the point of origin
of the sinistro-anterior capsules further two to three capsules are to be found,
namely the sinistro-posterior-inferior capsules, which— arising possibly from
a common trunk — extend frontally towards the left inferior border of the
liver. — These are the Glisson capsules that must be regarded as the pedicles
of the particular segments (Fig. 2).

Coming from the lower border of the liver, we encounter in the hilum,
first, the hepatic duct ; second, the hepatic artery ; third, the portal vein.
This vascular arrangement remains essentially unchanged in Glisson’s capsules,
the onlv difference being that the portal vein is invested with loose connective
tissue in Glisson’s capsule which facilitates its isolation. The artery and the
hepatic duct, on the other hand, are embedded in the capsular tissue and,
therefore, not easy to isolate. The intrahepatic neural and lymphatic plexuses,
too, run in Glisson’s capsules. Therefore, a radiographic inspection of any
figure of a Glisson’s capsule discloses to the observer the topography of all other
vessels.

Viewed frontally, the boundaries of the segments are determined by the
course of the branches of the hepatic vein. Most of the efferent hepatic vessels
collect in three main trunks. The middle branch of the hepatic vein runs
along the Rex-Cantlie line, i. e. the line which, passing near the liver’s con-
vexity, connects the central part of the bed of the gallbladder with the inferior
vena cava. (Rex — in a fundamental work on the intrahepatic ramifications
of the portal vein, published as far back as 1888 — indicated the said line as
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the boundary between the two lobes of the liver.) The left branch of the hepatic
vein follows the course of the falciform ligament. The right-side branch arises
at the juncture of the liver’s anterior and superior surface (approximately at
the height of the right coronary ligament), and turns to the anterior surface
at a distance of 1to 2 inches medially from the right border of the liver. Before
emptying into the inferior vena cava, the middle and the left branch usually
unite in a short thick trunk, while the right branch empties independently
into the said vein. Each of the venous rami drains two adjacent areas. Apart
from these main trunks two more veins, draining the caudate lobe, empty
directly into the inferior vena cava, and so does a varying number of veins
from the area of the posterior segment. The venous pattern is rather variable,
and it is only the position of the middle and left trunk which is comparatively
stable. The veins and the Glisson capsules intersect ; their relative positions
are reminiscent of the spokes and the rim of a wheel (Fig. 3).

If we intersect the liver along the Rex-Cantlie line at an acute angle
which is open towards the right, we arrive at the centre of the portal apo-
neurosis. Avoiding the middle trunk of the hepatic vein we encounter in this
line of intersection no significant ramus of either the hepatic artery, the portal
vein or the hepatic duct, which is to say that we arrive into a virtual scissure
comparatively free of blood vessels. As, beneath the middle part of the portal
aponeurosis (which constitutes the base of the line of section), the portal vessels
divide into the branches that supply the right and left lobe, respectively, it
is actually the main scissure, constituting the interlobar boundary, which,
has been laid bare (Fig. 4). A section at an acute angle, open to the right,
made under similar conditions along the line of the left hepatic vein, lays bare
the left longitudinal intersegmental scissure. At the base of the line of section
the origin of the left anterior, the left superior anterior and the inferior posterior
capsules can be seen (Fig. 5). The left anterior capsules supply the hepatic
area between the two scissures laid bare by the above-described two sections.
Therefore, the area in question may be regarded as an independent bilio-
vascular unit, whose efferent veins empty into the middle and left hepatic
trunks. To this segment belongs the entire quadrate lobe. Considering its
position we have termed it segmentum mediale anterius sinistrum. The area
between the left scissure and the left border of the liver is supplied by Glisson’s
capsules that arise independently of, and form an acute angle with, one another.
By making a horizontal cut between these capsides at right angles to the left
scissure which reaches as far as the left border of the liver, we arrive at the
left horizontal intersegmental scissure which divides the area between the left
scissure and the left border of the liver into two segments, the segmentum
laterale superius sinistrum and the segmentum laterale inferius sinistrum.
The upper segment is drained by almost horizontally running venous branches
which usually unite into a common trunk about the point where the ligamén-
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turn coronarium sinistrum and the ligamentum falciforme meet; this trunk
empties into the left hepatic vein. This segment, too, may be considered to
constitute an independent bilio-vascular unit. Also the left inferior lateral
segment forms a separate unit as it is usually drained by a ramus of the hepatic
vein which runs at a steep acute angle. Sometimes, not frequently, this seg-
ment, devoid of a separate venous ramus, is supplied by the venous system
of the upper segment : in these cases it must be regarded as a subsegment

Fig. 6. Right lateral scissure, open
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only. — The next step is to open the right scissure by a cut made along the
line of the right hepatic vein at an acute angle which is likewise open to the
right (Fig. 6). The area between the main and the right scissure receives its
blood supply from the dextro-anterior trunk coming from the direction of the
porta hepatis. Its efferent veins empty into the right hepatic vein. The area
in question forms the segmentum mediale anterius dextrum. Immediately
after its origin, the dextro-anterior trunk divides into an upper and a lower
branch. Considering its portal supply, the segment might be divided into two
additional parts; as, however, it lacks independent draining veins, all we
can do is to divide it into an upper and a lower subsegment by a horizontal
plane which traverses the division of the dextro-anterior Glisson capsule.
The hepatic area situated laterally from the right scissure, including — in the
main — the posterior surface of the right lobe, constitutes the segmentum
laterale, posterius dextrum. Its portal supply is through the latero-posterior
Glisson capsule, and its efferent veins empty into the right hepatic vein branch.
The latero-posterior portal trunk divides comblike toward the right border
of the liver. The divisions are, however, so variable that a definition of sub-
segments would not be justified. Kadar s experiments with corroded casts
seem to justify a division of the right lobe in two portions ; studying his casts,
he found the right lobe of the liver to consist of two parts, one being the mirror
image of the other. These two portions correspond to the segmentum laterale
posterius dextrum and the segmentum mediale anterius dextrum, respectively ;
between the two is running, the right main branch of the hepatic vein (Fig.
4, 5, 6).

A special mention should made of the caudate lobe. Portally, this area
is supplied by means of capsides arising from the upper border of the portal
aponeurosis, the number and arrangement of which show a considerable diver-
sity. Its efferent veins empty into the inferior vena cava. According to the
situation of its Glisson capsules, it belongs now to the left, now to the right
lobe of the liver, sometimes even to both. Because of the variability of its
blood supply, and on account of its lack of practical importance, it does not
seem justified to regard it as a separate segment (Fig. 7, 8).

Summary

Our investigations have led us — in agreement with several other authors — to the
conclusion that the so-called Rex-Cantlie line should be regarded as the boundary between
the lobes of the liver. In dividing the liver into separate segments, care was taken to define
as segments only independent bilio-vascular units. Following this principle, the right lobe was
found to consist of two genuine and two subsegments, the left lobe to be composed of three
genuine segments. The segmentation of the liver means a valuable assistance in interpreting
portographs and cholangiographs with respect to localization. A familiarity with segment
boundaries and the topography of venous branches running in the intersegmental scissures,
as well as Glisson’s capsules, enables the surgeon to perform operations (e. g. segment resection ;
hepato-digestive anastomoses) without any unnecessary destruction of parenchyma. A dis-
section of the liver according to segment boundaries constitutes a fundamental part of the
localizationalpathology of hepatic lesions.
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CEFMEHTbI MEYEHN
r. KOVLWLW wn Ab. CEYEN

Pe3loMUpysl CBOM pe3ynbTaTbl, aBTOPbl YCTAHOBW/IM, YTO OHW OMNPEAe/IUAN FpaHuLy
MexXay A0NAMM MNeUeHN Ha IMHUKM Pekc— K3HTei, YTo HaxoauTcsa B NMOJIHOM COracku ¢ pesy b-
TaTammu Apyrux asTopoB. MpW pasrpaHnyeHUn OTAeNbHbIX CErMEHTOB OHW TLLATENIbHO Ceann
3a TeM, 4Tobbl BCE OMMCaHHble UMW CErMeHTbl 06Pa3oBasM CaMOCTOATE/bHbIE GUIMOBACKYNAP-
Hble eauHULBI. TpUHUMAs 9TO BO BHUMaHWE OHW YCTaHOBW/IWU, YTO NpaBas [0/t COCTOMT U3 ABYX
HaCTOSILUMX W ABYX MOACErMEHTOB, a fieBast A0S M3 TPeX HaCTOSILLMX CerMeHToB. PasgeneHue
MEYEHN Ha CermMeHTbl 0KasbIBaeT GO/ibLUyO MOMOLLL B JAefie MOpTOrpagMueckoin U XonaHrmo-
rpaguueckoil OKaIM3aLMOHHON OLEHKW. 3Has TOMorpaguio OTAe/bHbIX CErMeHTapHbIX rpa-
HULL, WM XKe NPOXOASLIMX B MEXCErMEHTapPHbIX LLENAX CTBO/OB MeYeHOUHOM BeHbl, TakKXe Kak
M T/INCCOHOBBIX Karcyn Mbl MMEeM BO3MOMXHOCTb MPOBOAUTL XMPYPruMyeckue BMELLIATe/bCTBA
6e3 NnoTepu NapeHxXMMbl (Pe3eKLUUA CEerMeHTOB, MeYeHOYHO-NMLLEBAPUTE/IbHbIE aHACTOMO3bI).
BCKpbITVE MeYeHn Mo OTAe/bHbIM CErMeHTapHbIM FpaHuLamM SIBNSIeTCS OCHOBOM /TI0Ka/M3aLMOoH-
HOV MaTOMOrMM NPU U3MEHEHMUSIX MeYeHMm.

DIE LEBERSEGMENTE
G. KOISS und GY. SZECSEY
In Ubereinstimmung mit anderen Autoren wurde die Grenze zwischen den Leberlappen

in der Rex-Cantlie Linie gefunden. Bei der Abgrenzung der einzelnen Segmente wurde darauf
geachtet, dass jedes umschriebenes Segment eine selbstdndige biliovaskulare Einheit bilde.
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Unter Bericksichtigung dieses Gesichtspunktes wurden im rechten Lappen zwei echte und
zwei Subsegmente, im linken jedoch drei echte Segmente festgestellt. Die Aufteilung der Leber
in Segmente soll die Lokalisationsauswertung der Portographie und Cholangiographie erleich-
tern. In Kenntnis der einzelnen Segmentgrenzen, bzw. der in den intersegmentalen Spalten
verlaufenden Stamme der V. hepatica, sowie der Topographie der Glissonschen Kapsel, ist
die Modoglichkeit zur Durchfihrung chirurgischer Eingriffe ohne Uberflissigem Parenchym-
verlust geboten (Segmentresektion, hepato-digestive Anatomosen). Die Zerlegung der Leber
der einzelnen Segmentgrenzen gemass bildet eine entsprechende Grundlage fiir die Lokalisations-
pathologie der Leberverdanderungen.

Dr. Géza Kaiss I Budapest, IV. Baross u. 69—71, Hungary
Dr. Gyorgy Szecsey | 1
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