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Seven Segmental Pedicles at the Porta Hepatis
Siete Pediculos Segmentarios en la Porta Hepatis
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SUMMARY: We wanted to know how many segmental portal branches were born from the primary branches of the hepatic
portal vein in the porta hepatis, in order to determine the number of portal segments in human liver. We studied 286 fisuianga live
groups ranging from fetuses to octogenarians, both sexes and all races, using dissection, colored acrylic injectionianiddeconst
tomographic images. We found the porta hepatis channel formed by each and every portal segment; we found seven segaiental termin
pedicles for seven portal segments, three planes of vertical and three planes of horizontal portal fissures. Thererarmakpertaé
pedicles that are formed in the porta hepatis from the right and left branches of the hepatic portal vein. The only eariadidal w
branch V emerging from the right branch in 79 % of cases or from the left branch in 21 %. The definition of hepatic peridisegm
Portion of parenchyma irrigated by terminal branches of the portal vein and the hepatic artery proper, isolated frorseigmettisby
planes of portal fissures and forms the parenchymal channel of the porta hepatis where it receives its vascularizatiose \&/a@rop
and simple portal segmentation based on the previous definition.
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INTRODUCCION MATERIAL AND METHOD

Several published studies (Botero & Strasberg; 1998; We studied 286 human livers (A05.8.01.001) of
Fasekt al.,1998; Ishibashét al.,2001; Fischeet al, 2002; different ages (from fetuses to octogenarians), races and sex,
Riekeret al, 2003; Rutkauskast al, 2006; Castorina, 2014) using the following techniques: 150 livers were injected with
agreed on the need to carry out investigations that simplglored acrylic in the hepatic portal vein (A12.3.12.001),
describe the hepatic anatomy and unify the anatomidagpatic artery proper (A12.2.12.029), common hepatic duct
terminology in relation to the liver. The confusion reache@A05.8.01.061), inferior vena cava (A12.3.09.001) and
its highest point when the “Terminology Committee of théhrough it to the hepatic veins (A12.3.09.005), were then
International Hepato-Pancreato-Biliary Associationimmersed in a solution of 10 % hydrochloric acid to remove
(Strasbergt al, 2000) came to take into account agreementke parenchyma to study injected anatomical elements; 50
on anatomical terminology of the liver based in the existingere dissected in fresh and 30 were dissected after fixing
literature, that is to say, based on drawings and not ¢émem with formalin using the knowledge that gave the
anatomical research, for this reason the confusion continuasrylics; we studied 56 cases of three-dimensional
Indeed, we see in texts of human anatomy and bookstofmographic reconstructions of patients randomly selected
surgical specialties the same drawings pretending to explaising the concepts learned through dissections. We use
the anatomy of the liver. Terminologia Anatomicg~CAT, 2001).

Knowing that the hepatic portal vein has a hegemonic
role in liver irrigation, we wanted to know the number oRESULTS
segmental (terminal) portal branches to determine the
number of portal segments. We did not find in the medical
literature any information about the characteristics and Each segment was part of the parenchymal canal of
definition of "portal segment”, for all these reasons wthe Porta hepatis (A05.8.01.016) (Fig. 1) in all dissected
decided to investigate the vascular anatomy of the liver. livers (230). We found 7 vascular pedicles in all cases.

1Surgeon at the “José Casimiro Ulloa” Emergency Hospital and Professor of Human Anatomy, “Ricardo Palma” University, Lima,Pera.
2Medical Legist at the “Morgue del Callao”, Professor of Human Anatomy at the “Federico Villarreal” National University,ityrovétmira and the
Southern Scientific University, Lima-Peru.
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The segmental branches |, Il, lll and IV emerge¥| (A05.8.01.050) (6 mm) in 100 % of cases and the
from the left portal vein (A12.3.12.005), the branches Wranch for segment VII (A05.8.01.051) (8 mm) in 100 %
VI and VII emerged from the right portal veinof cases at the right end. The segmental portal branches
(A12.3.12.002) in 226 cases (79 %). The segmental pdinat were accompanied by smaller caliber subsegmental
tal branches I, 11, 111, IV and V emerged from the left porwere those for segments I, lll and 1V; segments II, V, VI
tal vein, the branches VI and VIl emerged from the righkand VII did not present subsegmental branches (Fig. 3).
portal vein in 60 cases (21 %), this last one due to the
segmental portal branch V emerged from the left portal The terminal irrigation of each segment with the
vein (Fig. 2). In no case did we find an eighth segmentabnsequent absence of communication between them
branch. originated the existence of planes of separation or fissures.

Three vertical portal fissures and three horizontal portal

The hepatic portal vein was divided into right andissures were observed. The vertical ones were: 1) The
left (primary branches) at the porta hepatis, then each amabilical fissure (A05.8.01.034), located in the left part
originated terminal secondary branches for each segmaesftthe liver, separated left lateral division from left medial
attracting the arterial and biliary formed seven segmentivision (segments II-lll from segment IV respectively
vascular pedicles, these pedicles were also located in tdrethe diaphragmatic surface and segments -1l from
porta hepatis, below the hepatic return veins. The left poredgments I-IV on the visceral surface). 2) The main fissure
vein presented a transverse part (A12.3.12.006) ardparated both parts of the liver when the segmental branch
another anterior or umbilical part (A12.3.12.008) botW was born from the right portal vein (segment IV from
formed an angle of 90 degrees of antero medial sinsggment V respectively on the diaphragmatic surface and
The transverse part (12 mm in diameter) had a lengthaf the anterior portion of the visceral surface). 3) The right
3-4 cm; the umbilical part (10 mm in diameter) was 1-fissure separated the right medial division from the right
cm in length. The left branch initiated the origin of théateral division when the portal branch V was born from
segmental branches when giving the branch for segmetté right portal vein, when it was born from the left portal
(A05.8.01.044) in 100 % of cases (2 mm in diameterygin, this fissure acted as the main fissure and separated a
accompanied in 60 % by a subsegmental branch of thege left part from a small right part of the liver (It
right portal vein or in 5 % of the hepatic portal vein; theeparated segment V from segments VI-VII respectively
single branch for segment Il (A05.8.01.039) emerged on the diaphragmatic surface and segments |-V from
100 % of cases (4 mm in diameter) from the left portaegments VI-VII on the visceral surface). The plane of
vein angle, this branch formed a 135 degrees posterthe umbilical fissure tilted 50 degrees to the left relative
sinus angle with the transverse part of the left portal veito the sagittal plane of the liver; the main portal fissure
The branch for segment Il (A05.8.01.040) (6 mniilted 30 degrees to the left relative to the sagittal plane of
diameter) and two or three sub-segmental branches wére liver; the right portal fissure tilted 60 degrees to the
born to the left of the terminal bulb of the umbilical partight relative to the sagittal plane of the liver. The right
of the left portal vein. The branch for segment IMissure contained the upper (A12.3.09.006), middle, and
(A05.8.01.042) (6 mm diameter) was born to the right ddwer right hepatic veins; the main fissure contained the
the terminal bulb of the umbilical part of the left portalintermediate vein (A12.3.09.007); the umbilical fissure
two or three subsegmental branches for segment IV wetiel not contain the left hepatic vein (A12.3.09.008), this
born to the right of the mentioned bulb or on the uppeein has intrasegmental pathway in segments Il and Il.
edge of the transverse part of the left portal vein. Thehe main fissure divided the liver into right (A05.8.01.045)
branch for segment V (A05.8.01.047) (10 mm diameteand left (A05.8.01.037) parts, the umbilical fissure divided
emerged from the left portal vein in 21 % of cases, the left part into left lateral division (A05.8.01.038)
emerged from the right portal vein in 79 %; this segment@hcluding portal segments Il and Ill) and left medial
branch, after deepening 2 cm in its segmental parenchy(sagment V) division (A05.8.01.041); the right fissure
gave anterior, lateral, posterior and medial branchdsvided the right part into a right medial division
distributed between the right portal fissure (A05.8.01.03¢A05.8.01.046) (segment V only) and a right lateral
and the main portal fissure (A05.8.01.035) from the lowaetlivision (A05.8.01.049) (segments VI and VII). Segment
border of the liver (A05.8.01.024) to the inferior vena caviawas located on either side of the main fissure, behind
from behind; the medial branches reached higher in thed below the right and left medial divisions; we
hepatic dome. The V branch is the only one existing faonsidered segment | within the left part of the liver
the right medial division (A05.8.01.046) of the liver. Thebecause it always received its segmental branch from the
right branch of the hepatic portal vein is 16 mm in diametéeft portal; its venous drainage was direct in the inferior
and 1-3 cm in length; it originated the branch for segmewtna cava.
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Horizontal fissures are located between segment I
and IIl in the left lateral division; between the upper face of,
segment | and the base of the posterior half of segments |
and V in the right and left medial divisions; between
segments VI and VIl in the right lateral division; these three
fissures did not contain return veins.

Fig. 1. Visceral surface of the liver, the Porta hepatis has be
demarcated.

Fig. 3. Acrylics of the liver, the upper figure is the visceral surface,
the lower is the diaphragmatic surface. In the visceral surface we
can see the primary branches (blue) of the portal vein (left and
right) giving the secondary branches (segmental and terminal). For
segment | light blue, Il white, 11l pink, IV orange, V yellow, note
that branch V gives anterior, lateral, posterior and medial tertiary
branches that are distributed between segment IV to the left and
segments VI-VII to the right. It is the only branch for the right
Fig. 2. Tomographic image of hepatic portal vein. We put rings tedial division, there is no segment VIII; Segment VI in green
the emergency of each one of the seven portal pedicles. Note #a@ segment VIl in brown. The diaphragmatic surface shows the
branch I, I, lll, IV and V emerge from left portal vein, branchesame colors. The pink arrows point to the umbilical fissure, the
VI and VIl emerge from right portal vein (21 % of cases); the brangbranges point to the main fissure, and the green arrows to the right
V gives anterior, lateral, posterior and medial tertiary brancheféssure. Note that the left hepatic vein has an intrasegmental course;
We never saw an eight branch emerging from any primary porwﬁ umbilical fissure does not contain any return vein.

branch at the porta hepatis.

Fig. 4. Visceral surface of liver injected with acrylic. The primary & W T
branches of the hepatic portal vein are light blue; the arteries are red o
the bile duct green. Secondary portal branches (segmental and termis
nal) have the following colors: Segment | light blue, Il white, Il in
pink, IV orange, V yellow, VI green and VII brown. The dissection of
the Porta hepatis was expanded to see the birth and the course of the
segmental portal branches.
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The size of the hepatic parts varied according to wherelationship, not anatomy per se. They said they had no
the segmental branch V was born. When this branch emergedponsibility for the investigation of the liver anatomy or
from the right portal vein, the fissure that separated the rigior anatomical disputes. The terminology was based on
and left parts of the liver was the main fissure; this wemtccepted anatomy, intended to be consistent but based on
from the fossa for gallbladder (A05.8.01.0135) in a straiglmconsistent knowledge. It had to be based on the vascular
line to the left edge of the inferior vena cava. When thenatomy if it wanted an anatomical and surgical description.
segmental branch V emerged from the left portal veilespite these agreements, the confusion continues, we
segment V shaped the left part of the liver, in these cases iadieve it is due to the lack of a clear concept of what a
right fissure (It went from an intermediate point betweeportal segment is. Castorina said "The International
the right border of the gallbladder and the right angle of thenatomical Terminology tries to unify the terminology of
liver to the right edge of the inferior vena cava following diver anatomy, making it a living language. The single,
curved path of right convexity) divided the liver into a smalvorldwide-accepted classification of the liver still does not
right part and a large left part. exist. In fact, definition of segments according to

Couinaud's nomenclature is different from that of
Goldsmith and Woodburne. Through this approach, we
DISCUSSION propose a new terminology, which considers the liver
divided into five lobes and seven segments plus one caudate
lobe". Each researcher has different results because his

The need to coordinate the anatomical nomenclaturesearch does not start from defined anatomical concepts.
of the liver was expressed by Botero & Strasberg, who opin®dhen we talk about portal segmentation we talk about
"A major obstacle to consistent terminology for livewvascular concepts and we have to define the characteristics
anatomy and resections has been that American and Fren€la portal segment, we can’t use the term lobe because it
anatomists have divided the left side of the liver througis a descriptive concept of surface anatomy. Shilal & Tuli
different plans”, we believe this difference is due to th€015) opined "The pattern of drainage in the right poste-
absence of a clear definiti@f what a hepatic portal segmentrior lobe of liver varies considerably. According to the
is. Fasekt al.recommended "radiologic determination ofpattern of drainage of tributaries of right hepatic vein, the
portal venous territories within the liver must be revisedfight hepatic vein was classified into type I, tylpéype Il
these determinations must be supported by serial livand type IV”. We think anatomy should be described clearly
dissections. Hatet al.(1999) opined "Therefore, the threeand simply.
hepatic veins (RHV, SHV, and MHV) often did not aid the
identification of the liver segments in the region. The inadequacy of Couinaud's portal division was
Consequently, the less than ideal combinations of irregukaxpressed by Ishibasht al. who opined "Thus, there are
configurations of the portal and hepatic venous systernbvious limitations in using each system to determine the
suggest that the later posterior segments cannot lber segment. In the present study, it was found that
conclusively identified anatomically in 30-40 % of case<Couinaud's liver was the most common type of segment of
Other means of identification, such as the conventiontide liver”. Fischeret al. in "Limits of Couinaud's liver
proportional manner (the upper and lower halves of treegmentation: a quantitative computer-based three-dimen-
posterior sector roughly correspond to S6 and S7) may &ienal analysis" said "Couinaud's method of dividing the liver
required”. On this view we must remember the right hepatinto eight autonomous liver segments has been accepted as
veins (occupy the right fissure) has laterally the right latexr good approximation. Nevertheless, the volume, position,
ral division with segments VI and VII and medially, till theand shape of these segments and their segmental borders
intermediate hepatic vein that occupies the main fissuighow significant variability (37 %)". Riekeat al. said
the right medial division with the segment V as uniquéinvestigation according to Couinaud's classification...the
component; the implantation of falciform ligamentassignment failed in 51 of 409 branches due to unexpected
(A10.1.02.303) is medially to the intermediate hepatic veimpatomy or software problems”. Rutkauséeal.concluded,
it indicates the umbilical fissure, plane of separatiofOur understanding and explanation of liver composition
between the left lateral division (segments Il and Ill) andre still defined differently among anatomists, surgeons, and
the left medial division (segment V). We must rememberdiologists, thus not only confusing less experienced
the left hepatic vein has intrasegmental course (llI-11) argpecialists, but also increasing probability of mistakes. The
does not occupy the umbilical fissure, in addition, the plamallest parts of the liver are defined using Couinaud's
nes of vertical fissures have different inclination Strasbesggmentation system”. In previous publications (Durand,
et al.in "The Brishane 2000 Terminology of Liver Anatomy2016, 2017a,b 2018; Duragrtlal, 2017) we showed results
and Resections" gave importance to the anatomy-resectaimovel findings in vascularization of the liver.
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To identify portal segments using reconstitutegart of the porta hepatis are formed by segment IV (Quadrate
images (Fig. 2) previously we must know the anatomy baskibe, A05.8.01.029) allowing it to this segment receive its
on dissections. Soyet al.(1995) stated "Variations in the segmental vascular pedicle from the umbilical part of the
intrahepatic portions of the hepatic and portal veins aporta hepatis, in addition to 3-4 subsegmental branches,
frequently seen on helical CTAP scans." Fasteal. in  which may emerge at the upper edge of the left transverse
"Segmental anatomy of the liver: poor correlation with CTpart or the umbilical part of the porta hepatis. The segment
said "The radiologic determination of portal venou¥ provides a parenchymal apex of 1-1.5 cm to form the an-
territories within the liver must be revised". Baba (2000) iterior edge and the channel bed of the porta hepatis, to the
192 patients, using CTAP images to identify portal venougght (79 %) or to the left (21 %) of the arrival of the hepatic
variations presented mixed results, concluded "Variatioportal vein, however, in this small space, this segment
of the intrahepatic portal vein can be recognized on CTAfeceives the more bulky segmental pedicle, without
imaging tomography-Portal vein, computed tomographysubsegmental branches. The right end of the porta hepatis is
Oshiro & Ohkohchi (2017) using three-dimensional (3Djormed with the apex of segment VI forward and the apex
preoperative concluded: "The fusion image enables us dbsegment VII backwards.
easily visualize anatomical relationships among the hepatic
arteries, portal veins, bile duct, and tumor in the hepatic Formed this parenchymal channel, we find the
hilum”. We believe that radiological images interpret théollowing inside (Fig. 4): 1) The hepatic portal vein and the
anatomy which we know best by dissection (Durandepatic artery proper and / or its accessories; the common
2017a,b; Durandt al) Igbalet al.(2017) presented a review hepatic duct exits, the hepatic artery proper forward and to
where it exposes the current reality. the left, the bile duct forward and to the right, the hepatic

portal vein behind and in the middle of the inferior hepatic

During liver dissections, the Porta Hepatis, which ipedicle. 2) The primary branches of the hepatic portal vein
known as the portal plate, hilar plaque, lower hepatic hiluare born: right portal vein and left portal vein. The primary
or portal channel, took a great importance; it is a parenchynaaterial branches of the hepatic artery proper are born: right
channel located in the middle third of the visceral surfacbranch (A12.2.12.030) and left branch (A12.2.12.035). The
arranged transversely, is limited by the right portal fissurgght hepatic duct (A05.8.01.062) joins the left hepatic duct
and the umbilical portal fissure, is "L" shaped to the left, {{A05.8.01.065) to form the common hepatic duct. 3) The
has two parts: the transverse part and the anterior or umbilieft and right branches of the hepatic artery proper are
part, the latter portion is located on the lower border of tr@astomosed, any of these branches with an accessory artery
anterior portion of the umbilical fissure. This channel ishat may reach to get anastomosed, either branch of the left
completely covered by peritoneum, which gives it an aspegastric artery or the superior mesenteric artery or some other
of "peritoneal thickening" (Fig. 1); the Porta hepatis is formedariant. 4) Secondary terminal branches emerge from the
by the edges of each and every one of the 7 portal segmeptsnary branches of both the portal vein and the hepatic
which arrive here to receive their terminal vascular pedicleattery proper. Venous branches and arterial branches come
in this way, the anterior edge of segment | forms the postegether to form seven vascular pedicles destined for seven
rior edge of the transverse part of the porta hepatis, bothgortal segments; the segmental ducts of biliary drainage are
the right and to the left of the advent of the hepatic portattached to them, which form common trunks between two
vein, this relation allows segment | to receive its segmenial three segments and then form the hepatic duct on each
vascular pedicle and other subsegmental branches from bsitte. Thus formed each segmental pedicle by these three
branches of the hepatic portal vein. elements, enter their corresponding parenchymal territory

by the border that forms the channel of the porta hepatis,

The angle of approximately 90 degrees of medidhat is, whatever the vascular origin all will take the final
anterior sinus, formed by the transverse part and the umbilicalite provided. As we see, the Porta hepatis is the place of
part of the porta hepatis, has as its outer edge the segmeaitaval and distribution of the elements of the inferior hepatic
apex of segment Il which, by this close contact, receivespadicle, the vascular architecture of the organ is defined here.
segmental pedicle and no subsegmental branch. The lateral
border of the umbilical part of the porta hepatis is formed The segmental branches |, Il, Il and IV arise from
by the medial border of segment Ill, thus this border hastlae left portal vein and the segmental branches V, VI and
length of approximately 7 cm, which facilitates this segmell of the right portal in 79 % of cases; The left portal vein
to receive its segmental vascular pedicle and two or thrgives branches I, Il, lll, IV and V, the right portal gives
variable subsegmental branches. The medial border and beanches VI and VIl in 21 %. We always found seven
nal bed of the umbilical part of the porta hepatis, as well asgmental branches; the only variation was the origin of the
the anterior border and the channel bed of the left transvessgmental portal branch V.
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