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SUMMARY: This study aims at understanding the vascularization of the human liver to determine the correct way to divide it
into "divisions" (sectors) and segments, for which we dissected 250 livers using the acrylic resin injection method.sTleoreed|t
the role of the “Porta hepatis” in the hepatic vascular distribution, the existence of seven vascular pedicles for ssegnmeotsland
the role of portal fissures in the parenchymal division of the liver. Our research provides the definition of a portahsegiaaminstrates
the role of the hepatic portal vein in originating any liver parenchymal division.
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INTRODUCTION

The knowledge derived from our routine dissectionformaldehyde were dissected using the knowledge obtained
of the human liver during anatomy classes differed from thwith the acrylic molds. We consider the hepatic portal vein
one expressed in anatomy texts and journals. The conceggshe most important vessel in the segmentation of the liver
on which they are based to divide this organ into segmeifthe secondary branches of the portal vein attract the
and divisions (sectors) are wrong. For these reasons, g&condary branches of the hepatic artery proper or its
decided to study the hepatic vascularization in order #rcessory ones and the segmental biliary branches).
propose a correct division of the liver (Botero & Strasberg,

1998; Standring, 2008; Mookt al, 2009; Duranct al, This investigation was made in Peru, where the

2017; Manterolat al, 2017). Ministry of Health and the Ministry of Justice allow the study
of human organs in medical schools without judicial
permission or ethical declaration.

MATERIAL AND METHOD

RESULTS

We dissected 250 necropsied human livers of both
sexes, individuals of different races and ages (from fetuses
to octogenarians). The blood vessels and bile ducts of 150  During the dissection of the parenchymal canal of
of these livers were washed with water to remove theine hepatic hilum (Porta hepatis) we found the following
contents. Then colored liquid acrylic was injected into theesults:
hepatic portal vein, the hepatic artery proper and its accessory
arteries, main bile duct, inferior vena cava and the hepatic ~ The hepatic portal vein was divided into two primary
veins. The injected livers were immersed in water for 2ranches, right and left, in 100 % of the cases. The hepatic
hours, then immersed in a 10 % hydrochloric acid soluticartery proper was divided into two primary branches, right
to digest the liver parenchyma. The obtained acrylic moldthd left in 70 % of the cases; the hepatic artery proper was
were washed with water to have them ready for study. ltcompanied by a branch of the left gastric artery in 25 %
addition, 50 fresh livers and 50 livers fixed withof the cases; a branch of the left gastric artery plus a branch

Universidad “Ricardo Palma” Faculty of Medicine, Lima, Pera.

226



DURAND, C. A. L.; RAZURI, C. B.; VALDERRAMA, M. W.; ARREDONDO, G. M. & RAMOS, D. S. The human liver: Vascular anatomy to determine its segments and divisions.
Int. J. Morphol., 38(1p26-229, 2020.

of the superior mesenteric artery in 3 % of the cases,
or a branch of the superior mesenteric artery in 2 % of
the cases.

Segmental bile ducts (left or right) formed
trunks with two or three bile ducts, which eventually
formed the left or right hepatic duct.

The primary branches of the hepatic portal vein
issued (on a monopodic form, one by one) seven
secondary terminal branches destined for seven porta
segments (Fig. 1). Each secondary portal branch was
accompanied by a terminal secondary arterial branch
and a segmental biliary branch (Fig. 2), forming seven
vascular pedicles for seven parenchymal portions; this
happened in 100 % of the cases. The most importdﬁtJ- 1. Acrylic vascular mold of the liver, visceral surface: The portal

variation was the birth of the secondary portal brandfgin (blue) is divided into right and left branches, which emitted seven
for segment V (Durand, 2017), which was originateaecondary terminal segmental branches for seven portal segments. The

. - o segmental branches |, 11, 1ll and IV emerge from the left portal branch.
from the right portal branch in 79 % of the cases, Fhe segmental branches V, VI and VII emerge from the right portal branch.
from the left portal branch in 21 % of the cases.

Segmental branch 1 is light blue, Il in white, Il in pink, IV in orange, V
in yellow, VI in green and VIl in brown. The empty umbilical fissure is
The primary portal branches originated smalkeen between segments Il (pink) and IV (orange). The left hepatic vein
terminal secondary branches for segments |, Il andark blue) crosses within segments Il (white) and 11 (pink).
IV whose number varied between 1 and 4 branch:
for each segment; the most frequent characteristics
these branches were their inconstancy, their place
variable origin and their small caliber, also called sut _ ¢
segmental branches.All this happened at the hepa =
hilum (Porta hepati}.

The portal segmental branches were termina
this caused that the segments did not present anas
mosis among them, creating separation planes (por
fissures) among them. There were three vertical ai
three horizontal portal fissures found; the vertical one
were the right portal fissure, the main portal fissur
and the left portal fissure or umbilical fissure. The righ gags
portal fissure tilted 60 degrees to the right in relatio /*
to the sagittal plane of the liver (Fig. 3), the main po1*#¥;
tal fissure tilted 30 degrees to the left in relation to th
sagittal plane of the liver, the umbilical fissure tiltec
50 degrees towards the left in relation to the sagitt
plane of the liver. The content of the right portal fissur
was the right hepatic vein in 99 % of the cases, tt
middle right hepatic vein in 5 % of the cases and tr
inferior right hepatic vein in 60 % of the cases. Thi
content of the main portal fissure was the intermedia
hepatic vein in 100 % of the cases. The umbilical fissul
did not contain the left hepatic vein in 100 % of the

cases. Fig. 2. Acrylic vascular mold of the liver. The segmental vascular pedicle

] ] o (black ring) is formed by a secondary branch of the hepatic portal vein
The left hepatic vein had a path within segment@lue) and a secondary terminal branch of the hepatic artery proper or
Il and Il in 100 % of the cases (Fig. 1). its accessory artery (red), in addition to the segmental bile duct (green).
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Fig. 3. Acrylic vascular mold of the liver, posterior view: The inclined right portal fissure is signed by the arrow, ble¢vwssgmtents
V (yellow) and VI-VII (green and brown).

The parenchymal canal that formed the lower limit The seven terminal secondary branches of the hepatic
of the umbilical fissure contained, from front to back, thportal vein irrigate seven parenchymal portions called por-
round ligament of the liver, the umbilical portion of the leftal segments (Hikspoormst al, 2017a,b). This is the first
portal branch and the venous ligament. structural action that the hepatic portal vein performs in the

division of the liver. There was no case in which the

Regarding the horizontal fissures, the first one wasecondary branches of the hepatic portal vein occupy the
located between segments Il and Ill; the second one, betwgemtal fissures, or in which they were destined for the
the upper face of segment | and the lower face of the postdivisions" (sectors) of the liver. We also did not find that
rior half of segments IV and V; the third one, betweethe secondary portal branches emit tertiary branches for each
segments VI and VII. The horizontal fissures had no contemtf the portal segments; these denied assertions are based on

the imagination.

DISCUSSION The terminal (segmental) portal secondary branches
do not anastomose to each other, creating separation planes
among the segments; these separation planes or portal

Kawaradaet al (2000) and Kellyet al. (2017) fissures represent the second structural action of the portal
mentioned “Porta hepatis” as the place where the mostin in the division of the liver. The vertical portal fissures,

important vessels are concentrated to perform liver transplavitich are larger than the horizontal ones, are presentin 100

surgery. % of the cases. The three vertical portal fissures divide the
liver as follows: The main portal fissure separates the right

Porta hepatis is a parenchymal channel formed Ipart, of the left part of the liver. The right part of the liver is
each and every portal segment, because here they receiweded by the right portal fissure into a right lateral
their terminal vascular pedicle and drain their bile productiotdivision" and another right medial "division”. The left part

In this way, Porta hepatis becomes the place where the artesiathe liver is divided by the umbilical portal fissure into a

and portal venous distribution of the liver is defined (Kalaydeft lateral "division" and another left medial "division". The

et al, 2014; Sureka, 2015). hepatic veins (contained in the right portal fissure and the
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main portal fissure) should not be used to delimit hepatREFERENCES
"divisions" for two reasons: the first reason is that a vein
could be absent, and the second reason is that the left hepatic
vein does not occupy the umbilical por’[a| fissure in 100 %ptero, A. C. & Strasberg, S.'M.. Division of the left hemiliver in man--
of the cases. The left hepatic vein has an intrasegme a|segments, sectors, or sectidrger Transpl. Surg., 4(3226-31, 1998.

. . P . - 9 r]_l)urand, L. C. A. Liver: the portal segmentikt. J. Morphol., 35(1B63-
trajectory in segments Il and Il (it cannot delimit segments™; 5517
or divisions since it is located within the segments); thereigirand, L. C. A.; Torres, G. C. A. & Cervera, C. A. Hepatic portal
no structural equivalence among the hepatic veins, but thesegmentation using reconstructed three-dimensional tomography
hepatic portal fissures. The descriptions used by the hepatjc'magesint. J. Morphol., 35(3)384-8, 2017.

.p F:j limit the h ic "divisi P " y P F—Hkspoors, J. P. J. M,; Peeters, M. M. J. P.; Kruepunga, N.; Mekonen, H.
vens tP e_'m'tt e epatic .|V|S|0ns (sectors) are_wrong, K.; Mommen, G. M. C.; Kéhler, S. E. & Lamers, W. H. Human liver
and this mistake is more evident when they consider that segments: role of cryptic liver lobes and vascular physiology in the

the left hepatic vein occupies the umbilical fissu development of liver veins and left-right asymmetry Human liver
segments: role of cryptic liver lobes and vascular physiology in the

. development of liver veins and left-right asymmet®gi. Rep.,
Based on these findings, we conclude that Porta 7(3)17109, 2017b.

hepatis is the place where the vascular and segmem@bpoors, J. P. J. M.; Peeters, M. M. J. P.; Mekonen, H. K.; Kruepunga,
structure of the liver is defined. N.; Mommen, G. M. C.; Cornillie, P.; Kohler, S. E. & Lamers, W. H.
The fate of the vitelline and umbilical veins during the development of

The i | h h h . .. the human liverd. Anat., 231(5y18-35, 2017a.
e liver portal segment has three ¢ araCtenSt'q\(%laycL T. O.; Kutlu, R.; Karasu, S,. & Yilmaz, S. Investigation of right

that define it: 1- It is a portion of the parenchyma irrigated Iobe hepatic vein variations of donor using 64-detector computed
by secondary terminal branches of the portal vein and the tomography before living donor liver transplantatidiurk. J.

hepatic artery, drained by a segmental bile duct. 2- The Gastroenterol., 25 Suppl.&-14, 2014.
P y y 9 awarada, Y.; Dsa, B. C. & Taoka, H. Anatomy of the hepatic hilar area:

portal segmen_t is Separ.a.ted from other segments by portag,e plate systend. Hepatobiliary Pancreat. Surg., 7(680-6, 2000.
fissures (arterial and biliary). 3- Each and every portakilly, P.; Fung, A.; Qu, J.; Greig, P.; Tait, G.; Jenkinson, J.; McGilvray, I.
segment makes up the parenciay canal of the Porta & Agur, A. Depicting surgical anatomy of the porta hepatis in living

; ; ; ; imdonor liver transplantatiod. Vis. Surg., 313, 2017.
hepatis, where they receive their vascular pedicle and drﬂgnterola C.; del Spol M.; Ottone, N gIlE & Otzen, T. Radiological and

their bile productlon. surgical anatomy of the livent. J. Morphol., 35(4)1525-39, 2017.
Moore K. L.; Dalley, A. F. & Agur, A. M. RClinically Oriented Anatomy.

The portal segments of the liver are severihe hepatic 6th ed. Philadelphia, Lippincott Williams and Wilkins, 2009. _

portal vein has a double function in the division of the liver>tandiing. SGray's Anatomy. The Anatomical Basis of Clinical Practice

first. it creates seven vascular seaments with their termi 40" ed. Edinburgh, Churchill Livingstone/Elsevier, 2008.

Irst, 1 g I'ﬁlreka, B.; Patidar, Y.; Bansal, K.; Rajesh, S.; Agrawal, N. & Arora, A.

secondary branches; second, due to the absence of anastaortal vein variations in 1000 patients: surgical and radiological

mosis among its terminal secondary branches, it createsimportanceBr. J. Radiol., 88(105530150326, 2015.

portal fissures that allow the liver to be divided into segments,

divisions (sectors) and parts (right and left hemi-livers).
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RESUMEN: Quisimos estudiar la vascularizacion del hiPERU
gado humano para determinar la forma correcta de dividirlo en
“divisiones” y segmentos, para lo cual disecamos 250 higados usan- )
do técnicas de inyeccion acrilica. Los resultados mostraron la ffmail: cesaraugustoo1@gmail.com
cién de la Porta hepatis en la distribucion vascular del higado, la
existencia de siete pediculos vasculares para siete segmentos por-
tales, y el rol de las fisuras portales en la division parenquimal dagceived: 02-09-2019
higado. Ofrecemos la definicién de lo que es un segmento portdlgcepted: 23-09-2019
demostramos el rol de la vena porta hepatica en originar cualquier
division parenquimal del higado.

PALABRAS CLAVE: Porta hepatis; Divisiones y seg-
mentos de higado.
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