Morphological Variability of the Hepatic Portal Vein
Posterior Branch: Study on Corrosion Casts
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The liver segmentation is determined by the distribution of the vascular and ductal hepatic elements; from
this, the hepatic portal vein (HPV), the central element of liver afferent pedicle, is the most important. The
posterior branch (PB) is serving right lateral division (RLD) of the liver and presents the lowest morphological
variability. On a total of 125 pieces of liver corrosion casts, one examined the intraparenchymal distribution
of portal PB and the segmentation of RLD. Regarding the intraparenchymal distribution of the branches in
the RLD of the liver, we showed four distinct morphological types: Type I (77.6% of cases) in which the PB
bifurcate symmetrically in branch of segments VI and branch of segment VII; Type II (8.8% of cases) in
which the PB bifurcate in branch of segment VII and an inferior branch, that bifurcate branch of segment VI
and branch of segment VIA; Type III 12.8% of cases) in which the PB bifurcate in branch of segment VI and
a superior branch, that bifurcate in branch of segment VII and branch of segment VIIA; Type IV (0.8% of
cases) in which the PB trifurcate in branch of segment VI, branch of posterior intermediate segments, and
branch of segment VII. Knowledge of these morphological types of portal PB is important for clinical and
surgical practice.
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Knowing the internal organization of the liver
parenchyma, intraparenchymal distribution of the vascularductal elements of afferent and efferent pedicles, and
therefore knowledge of liver parenchyma segmentation
variability, is essential for localisation of focal hepatic
pathology before surgical or percutaneous interventions
[1, 2].
In the case of the liver and other organs equipped with
hilum, which enter or leave vascular and ductal elements
[3 - 6], a system of lobes and other divisions (divisions,
sectors segments and sub-segments) [7, 8] is described.
Size and hence the number of these volumes of
parenchyma depends on the size of anatomical elements
recognized as “segmental”, or in other words, the level of
the vascular or ductal arborisation arbitrarily taken into
account [7].
As described in the studies of Couinaud in 1966 [9], the
elements of liver pedicles (afferent and efferent) are like
the crossed fingers of two hands, and in the same way, in
the fissures of one segmentation is located the main
pedicle of another segmentation.
A new model is the presentation of liver segments
overlaid on right hand model [2, 10], in which with finger
tight fist, thumb represents the caudate lobe, located in
the rear of the other four fingers of the hand, and the fingers
2-5 represent each a division of hepatic parenchyma. The
limit of proximal interphalangeal joint represent the limit
between the upper (II, IVA, VIII and VII) and lower
segments (III, IVB, VI and VI).
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The right lateral division (RLD) of the liver is less subject
to morphological segmentation variations. In the literature,
the RLD is described as unique segment in the studies of
Rex in 1888 [11], Hjorstjö in 1948 [12], Diaconescu in 1963
[13], Platzer and Maurer in 1966 [14], as well in Nomina
Anatomica in 1989 [15]. Presence of two distinct segments
in the liver RLD was described by Healey et al. in 1953
[16], Couinaud in 1954 [17] and 1957 [18], Reiferscheid in
1957 [19], Ciobanu in 1958 [20] and Lanz and Wachsmuth
in 1993 [21].
The present study seeks to highlight the segmentation
of the RLD of the liver depending on the intraparenchymal
distribution of portal posterior branch on a significant
number of liver corrosion casts.
Experimental part
In this study, 125 human hepatic portal vein (HPV) system
corrosion casts (focused on the right branch and PB of the
HPV) were investigated. The liver corrosion casts were
prepared in the Department of Anatomy of the “Victor
Babes” University of Medicine and Pharmacy Timisoara,
between 1997 and 2012. For an accurate morphological
study, the liver pieces were harvested from human
subjects who had no history of any medical or surgical
liver diseases. Between 1997 and 2005, the injection of
the liver vascular-ductal systems was performed with AGO
II mass (nitrocellulosic paste); between 2006 and 2012,
Technovit 7143 (methacrylate copolymers) was used. The
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Fig.1. Corrosion cast of portal posterior branch - posterior view.
The four distinct morphological types: A - type I, B - type II,
C - type III, D - type IV.
PB - portal posterior branch, VI - branch of segment VI, VIA branch of segment VIA, VII - branch of segment VII, VIIA - branch of
segment VIIA, PIB - posterior intermediate branch.

corrosion process of the liver parenchyma was performed
for 5 - 7 days using technical hydrochloric acid in three
successive baths, alternating with wash water for quicker
elimination of liver parenchyma. All procedures for crop
the liver pieces and performing the corrosion casts were
approved by the Ethics Committee of the “Victor Babes”
University of Medicine and Pharmacy, Timisoara, before
harvest time. The liver corrosion casts were photographed
by the same distance to the photo camera with focal lens
length of 50mm.The studied liver corrosion casts were
classified according to the present type of origin level of
portal PB and major distribution variation.
Results and discussions
In all 125 pieces of liver corrosion casts was highlighted
first the origin of the right and PB of HPV. Three ways of the
HPV right branch origin were observed: (i) the bifurcation
of the HPV trunk in right branch and left branch (96.8% of
cases), from the right branch arises the anterior and PB;
(ii) the absence of the right branch as an distinct
morphological entity (3.2% of cases), in which it highlights
two distinct subtypes: (iia) trifurcation of the HPV trunk in
anterior, posterior and left branches (2.4% of cases); (iii)
bifurcation of the HPV trunk in PB and anterior branch; the
left branch originates from the first part of the anterior
branch (1 track 0.8% of cases).
Regarding the intraparenchymal distribution of the portal
branches in the RLD of the liver, we showed four distinct
morphological types:
- Type I (77.6% of cases) in which the PB bifurcate
symmetrically in inferior branch - branch of segments VI
and superior branch - branch of segment VII (Fig.1A),
- Type II (8.8% of cases) in which the PB bifurcate in
branch of segment VII and an inferior branch, that bifurcate
in branch of segment VI and inferior intermediate branch 264

branch of segment VIA (posterior lower intermediate
segment) (fig.1B),
- Type III (12.8% of cases) in which the PB bifurcate in
branch of segment VI and an superior branch, that bifurcate
in branch of segment VII and superior intermediate branch
- branch of segment VIIA (posterior superior intermediate
segment) (fig.1C),
- Type IV (0.8% of cases) in which the PB trifurcate in
branche of segments VI, branch of posterior intermediate
segment, and branch of segment VII (fig.1D).
In time, taking into consideration as segmental, the IIIorder branching elements of HPV (branches of the anterior,
posterior, medial and lateral), lead to the description of the
four segments (overlapping to the four divisions of hepatic
parenchyma currently approved) [11 - 15]. Type I in our
classification, type approved by Terminologia Anatomica
[1998] [13] is also included in some of the proposals liver
segmentation [16 - 21]. The two segments described in
this typology (segments VIA and VII) are symmetrical and
with equal volumes. Types II and III are due to secondary
bifurcation of the segment VI or segment VII branches,
and with appearance of an additional segment: (i) VIA
segment (lower intermediate posterior segment)
associated to segment VI; (ii) segment VIIA (upper
intermediate posterior segment) associated to segment
VII. In all analysed cases on corrosion casts, this
intermediate posterior segment (upper or lower) has a
significantly lower volume than the other two segments of
RLD. Triforking of PB of the HPV and the appearance of
three segments in the RLD of the liver (Type IV) is a
morphologically type unreported in the literature. The three
branches of the posterior segments (segment VI,
intermediate posterior segment, and segment VII) have
similar volumes.
Based on studies of Couinaud [17, 18], the approval of
liver segmentation was performed consecutively by IANC
[15] and by FCAT [22] taking into account especially the
distribution of HPV branches. Surgical terminology of liver
anatomy and liver resections was homologated by Brisbane
2000 terminology [23] established by the world HPB
Association. According with Gadzijev [24], the reason of
decision to the terminology was that surgical practice
showed differences in the morphologic anatomy based
division, especially in the left liver. In Brisbane Terminology
[23], resection of segments V-VIII is called right
hemihepatectomy, or right hepatectomy, and resection of
segments VI and VII is called right posterior sectorectomy,
right lateral sectorectomy or bisegmentectomy 6, 7. For a
single segment resection, the term segmentectomy
(segmentectomy VI and segmentectomy VI) is used.
Achievement of right posterior sectorectomy is
technically possible regardless of morphological type of
branching pattern of the HPV branches. Presence of the
major morphological variations of portal PB (Types II, III
and IV) technical hampers the segmentectomies
achievement. Making chemoembolization of RLD
segments becomes difficult in the presence of major
anatomical variations of portal PB [25 - 27].
In 2013, Fischer et al. [28] made of a comparison of
right posterior sectorectomy with formal right
hepatectomy. Under normal anatomical situation, the right
posterior sectorectomy (segments VI and VII) leads to a
much smaller loss of hepatic parenchyma than in case of
right hepatectomy, in similar technical conditions and
provided a similar volume of blood loss. The right posterior
sectorectomy is associated with less hepatic insufficiency
than right hepatectomy. According to these authors, the
right posterior sectorectomy should be strongly considered
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when it is technically feasible and pays respect to
oncological protocols.
Highlighting and consideration of segments at the level
of RLD, IVB and IVC allow limited resections at the LMD of
the liver. The determinant anatomic element of these
segments is represented by morphological aspects of the
portal PB.
Conclusions
Study of intraparenchymatous distribution of the HPV
branches can be achieved in good conditions on corrosion
preparations. The most frequently (77.6% of cases) the
RLD of the liver is served by two symmetrical segmental
branches (for segment VI and segment VII); sometimes
(21.6% of cases) the RLD is served by an segmental branch
and one common trunk from arises an segmental branch
and an intermediate segmental branches; extremely rare
(0.8% of cases), the RLD is served by three segmental
branches (for segments VI, posterior intermediate
segment, and segment VII). Knowledge of these
morphological types of portal PB is important for clinical
and surgical practice.
In [29] was studied the HPV system corrosion casts
focused on the posterior branch.
References
1. FASEL JH, GAILLOUD P, GROSSHOLZ M, BIDAUT L, PROBST
P, TERRIER F. Relationship between intrahepatic vessels and
computer-generated hepatic scissurae: an in vitro assay. Surg Radiol
Anat., 1996, 18(1):43-46.
2. JUZA RM, PAULI EM. Clinical and surgical anatomy of the liver:
A review for clinicians. Clin Anat., 2014, 27(5):764-769.
3. MATUSZ P, PUSZTAI AM. Regarding the course of the retrohepatic
portion of the inferior vena cava. Clin Anat., 2010, 23(4):467-470.
4. MATUSZ P. Extra- and intra-hepatic vascular anatomy in the agenesis
of the left lobe of the liver. Clin Anat., 2010, 23(6):739-741.
5. MATUSZ P. Right/left symmetry of the intrahepatic distribution and
terminology of the hepatic artery proper and the intrahepatic bile
duct system: proposals to revise the Terminologia Anatomica. Surg
Radiol Anat., 2011, 33(1):71-74.
6. MATUSZ P, MICLAUS GD, PLES H, TUBBS RS, LOUKAS M. Absence of
the celiac trunk: case report using MDCT angiography. Surg Radiol
Anat., 2012, 34(10):959-963.
7. MATUSZ P. Segmentarea hepatica. Editura Orizonturi Universitare.
Timisoara, 1998.
8.HULSBERG P, GARZA-JORDAN
JDE
L, JORDAN,
R, MATUSZ P, TUBBS RS, LOUKAS M. Hepatic aneurysm: a review.
Am Surg., 2011, 77(5):586-591.
9. COUINAUD C. Plea for exact hepatic segmentation and an anatomic
technic of regular resection of the liver. Partial clamping of the hepatic
stump. Presse Med., 1966, 25;74(55):2849-2852.
10. PAULI EM, STAVELEY-O’CARROLL KF, BROCK MV, EFRON DT,
EFRON G. A handy tool to teach segmental liver anatomy to surgical
trainees. Arch Surg., 2012, 147:692–693.

11. REX H. Beiträge zur Morphologie der Sugerleber. Morphol Jahrb.,
1888, 14:517–616.
12. HJORTSJÖ OH. Anatomie der intrahepatischen Gallengange beim
Menschen, mittels Rontgen und injections Technik studiert. Lund
Gleerup., 1948, pp.21-52.
13. DIACONESCU N. Contribuþii la studiul evolutiv al angio- ºi
bilioarhitecturii hepatice. Tezã de Doctorat, IMF Bucureºti., 1963,
pp.7-22.
14. PLATZER W, MAURER H. Zur Segmenteinteinlung der Leber. Acta
Anat (Basel)., 1966, 63:8–31.
15. IANC. International Anatomical Nomenclature Committee, Nomina
Anatomica, 6th edn. Churchill Livingstone. London, 1989
16. HEALEY JE, SCHROY PC, SORENSEN RI. Intrahepatic distribution
of hepatic artery in man. Intern Coll Surg., 1953, 20(2):133-148.
17. COUINAUD C. Lobes et segments hépatiques. Note sur
l’architecture anatomique et chirurgicale du foie. Presse Med., 1954,
62:709-715.
18. COUINAUD C. Le Foie. Études anatomiques et chirurgicales. Paris:
Masson et Cie Éd., 1957. p. 70-220.
19. REIFERSCHEID M. Chirurgie der Leber. Leipzig: Georg Thieme Verlag,
1957, pp.30-32.
20. CIOBANU ªt. Studiu anatomo-chirurgical asupra vascularizãrii ºi
segmentãrii ficatului. Tezã de Doctorat. IM Timiºoara, 1958.
21. LANTZ B Von, VACHSMUTH W. Praktische Anatomie. Zweiter Band.
Sechster Teil. Bauch. Berlin, Heidelberg, New York, London, Paris, Tokio,
Hong Kong, Barcelona, Budapest: von H Loeweneck und G Feitel, Springer
Velag, 1993, pp.213-290.
22.FCAT. Federative Committee on Anatomical Terminology,
Terminologia Anatomica: international anatomical terminology, 1st
edn. Thieme, Stuttgart, 1998.
23.BELGIHITI J, CLAVIEN PA, GADZIJEV E, GARDEN JO, LAU W-Y,
MAKUUCHII M, STRONG RW. The Brisbane 2000 terminology of liver
anatomy and resections. HPB, 2000, 2:333–339.
24.GADZIJEV EM. Surgical terminology of liver anatomy and liver
resections. BH Surgery,. 2011, 1:6-13.
25.SCHMIDT S, DEMARTINES N, SOLER L, SCHNYDER P, DENYS A.
Portal vein normal anatomy and variants: implication for liver surgery
and portal vein embolization. Semin Intervent Radiol., 2008, 25(2):8691.
26.GUPTA
R, M I YAZAKI
A , CHO
A, RYU
M.,Portal
ein branching pattern in anomalous right-sited round ligament.
Abdom Imaging, 2010, 35(3):332-336.
27. SOFUE K, ARAI Y, SHIMADA K, TAKEUCHI Y, KOBAYASHI
T, SATAKE
M, SUGIMURA
K.
Right
portal
vein
embolization with absolute ethanol in major hepatic resection for
hepatobiliary malignancy. Br J Surg., 2014, 101(9):1122-1128.
28. FISCHER C, MELSTROM LG, ARNAOUTAKIS D, JARNAGIN
W, BROWN K, D’ANGELICA M, COVEY A, DEMATTEO R, ALLEN
P, KINGHAM TP, TUORTO S, KEMENY N, FONG Y. Chemotherapy after
portal vein embolization to protect against tumor growth during liver
hypertrophy before hepatectomy. JAMA Surg., 2013, 148(12):1103-110
29. IOANOVICIU, S.D., IVAN, C., MATUSZ, P., OLARIU, S., LIGHEZAN,
D., Mat. Plast., 52, no. 1, 2015, p. 113
Manuscript received: 29.09.2014

MATERIALE PLASTICE ♦ 52♦ No. 2 ♦ 2015

http://www.revmaterialeplastice.ro

265

