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Abstract
Knowledge about the connective-tissue framework of the liver is not system-
atized, the terminology is inconsistent and some perspectives on the construction 
of the hepatic matrix components are contradictory. In addition, until the last two 
decades of the 20th century, the connective-tissue sheaths of the portal tracts and 
the hepatic veins were considered to be independent from each other in the liver 
and that they do not make contact with each other. The results of the research 
carried out by Professor Shalva Toidze and his colleagues started in the 1970s in 
the Department of Operative Surgery and Topographic Anatomy at the Tbilisi 
State Medical Institute have changed this perception. In particular, Chanukvadze 
I showed that in some regions where they intersect with each other, the 
connective tissue sheaths of the large portal complexes and hepatic veins fuse. The 
areas of such fusion are called porta-caval fibrous connections (PCFCs). This 
opinion review aims to promote a systematic understanding of the hepatic 
connective-tissue skeleton and to demonstrate the hitherto underappreciated 
PCFC as a genuine structure with high biological and clinical significance. The 
components of the liver connective-tissue framework — the capsules, plates, 
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sheaths, covers — are described, and their intercommunication is discussed. The 
analysis of the essence of the PCFC and a description of its various forms are 
provided. It is also mentioned that analogs of different forms of PCFC are found 
in different mammals.

Key Words: Hepatic capsule; Hilar plate; Perivascular fibrous sheath; Glissonean pedicle; 
Portal tract; Caval port

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In the places of spatial intersection of the Glissonean pedicles with the main 
hepatic veins, the fusion of their connective tissue sheaths is described. The sites of the 
above-mentioned fusion are called porta-caval fibrous connections. Various forms of 
porta-caval fibrous connections are discussed as well as their clinical and scientific 
implications.

Citation: Patarashvili L, Gvidiani S, Azmaipharashvili E, Tsomaia K, Sareli M, Kordzaia D, 
Chanukvadze I. Porta-caval fibrous connections — the lesser-known structure of intrahepatic 
connective-tissue framework: A unified view of liver extracellular matrix. World J Hepatol 
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URL: https://www.wjgnet.com/1948-5182/full/v13/i11/1484.htm
DOI: https://dx.doi.org/10.4254/wjh.v13.i11.1484

INTRODUCTION
The extracellular matrix — the connective-tissue framework of the liver — determines 
the shape of the organ and creates specialized compartments for the liver cell 
populations and blood and lymph circulations, the synergy of which determines the 
diverse functioning of the organ. The structure and components of the human liver 
extracellular matrix were comprehensively analyzed in a series of studies performed 
in the 1980s and the 90s[1,2].

The last five years saw a new wave of studies on hepatic connective-tissue stru-
ctures. This "revisiting" is thanks to the introduction of new methods and computer 
technologies in morphological studies[3] and includes studies not only of the human 
liver but also of the liver of various animals and birds[4-7].

The emergence of endoscopic anatomic liver resections strengthened the need to 
specify the anatomy and interrelationship of the connective-tissue structures within 
the liver[8-11]. Additionally, the prospects for the use of human and animal liver 
matrices as scaffolds for the creation of bioartificial livers (thanks to the development 
of stem cells and bioengineering technologies)[11-14] also contribute to the resurgence 
of interests in the hepatic connective-tissue structures.

However, upon reviewing these studies, we noticed that knowledge on the 
connective-tissue skeleton of the liver were not systematized, the terminology was 
inconsistent, and the literature concerning the construction of one or another com-
ponent of the hepatic matrix were sometimes contradictory[15].

Until the last two decades of the 20th century, the branches of the portal vein and the 
hepatic veins were considered to be independent from each other in the liver and that 
their connective-tissue sheaths did not make contact with each other[16-18]. Modern 
hepatology textbooks usually perpetuate this notion that the Glissonean portal 
pedicles and the main hepatic veins intersect spatially, but some liver parenchyma 
always remains between them. Thus, it was believed that they are anatomically 
independent of each other[19].

The results of the research carried out by Professor Shalva Toidze and his colleagues 
started in the 1970s in the Department of Operative Surgery, and the Topographic 
Anatomy of Tbilisi State Medical Institute changed this perception. In particular, 
Chanukvadze[20] showed that in some regions where they intersect with each other, 
the connective-tissue sheaths of the main portal complex and a hepatic vein fuse. The 
regions of such fusion he called porta-caval fibrous connections (PCFCs). Several 
forms of PCFC have been described. It has also been revealed that PCFC, as an 
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anatomical formation, develops in the 11th-12th weeks of gestation. Despite numerous 
publications, these data have not yet received proper acknowledgement in scientific 
discourse and, as a result, in clinical hepatology. This opinion review aims to promote 
a systematic understanding of the connective-tissue skeleton of the liver, standardize 
the definition and the nomenclature of its structural components, and highlight the 
importance of the hitherto underappreciated PCFC as a genuine structure.

Since the same connective-tissue structure of the liver is often referred to by 
different names, we have tried to standardize the terms used throughout this article. 
The following terms will be used in the ensuing discussion: (1) Liver capsule is the 
same as Laennec's capsule (but not Glisson’s capsule); (2) Hilar plate is the same as 
Walaeus vasculo-biliary sheath (but not Glisson’s plate); (3) Perivascular fibrous 
capsule is the same as Glisson’s capsule; (4) Proper hepatic capsule (PHC) is the same 
as the intrahepatic part of Laennec’s capsule covering the liver parenchyma; (5) Portal 
hilus is the same as portal port; (6) Caval port is the same as hepatic venous port 
(where the inferior vena cava adjoins to the liver and incorporates the hepatic veins); 
and (7) Glissonean pedicle is the same as the portal tract surrounded by Glisson's 
capsule.

DISCUSSION
Liver capsule and its derivatives
Laennec's capsule (liver capsule) covers the entire liver surface, including its bare area 
(aperitoneal area). In the portal hilus and venous port of the liver, Laennec's capsule 
around the Glissonean pedicles and the hepatic veins enters the hepatic parenchyma, 
covers it, and separates it from the portal tracts and hepatic vein tributaries[21].

In the hepatic hilus, the liver capsule directly touches the hilar plate (also known as 
Walaeus vascular-biliary sheath) covering the portal vein, the hepatic artery, and the 
bile ducts, while within the liver, the intrahepatic part of the liver capsule — PHC — 
covering the parenchyma, sets against the perivascular fibrous capsule (Glisson’s 
capsule), which is a direct extension of the Walaeus sheath and envelops the lobar, 
sectoral, and segmental portal tracts[15,22]. These two fibrous fascial structures — 
PHC and Glisson’s capsule — are separated by a narrow fissure[10] (Figure 1A and C). 
The individual fibers of the connective tissue (or their bundles) are located in this 
fissure and connect the outer side of Gleason’s capsule with the PHC. On the other 
hand, soft collagen fibers (type I and III collagen) separate from the internal side of 
PHC and extend within the liver lobule (Disse's spaces), fusing to the intralobular 
matrix[3].

In the region of the thinner portal tracts (subsegmental, zonal), Glisson's capsule 
tapers off, and cross-banded collagen fibers from portal spaces are in continuity with 
similar fibers in the immediately adjacent lobular interstitium, which in turn are in 
continuity with those in central spaces; in this manner, collagen type I fibers and 
bundles form the structural scaffold of the liver lobule[2]. Meanwhile, the portal, 
extralobular and intralobular matrices of the liver are united by creating a complex 
labyrinth that represents the circulation area for tissue fluid and prelymph[23,24].

Laenneс's capsule covering the liver parenchyma is related to the adventitia of the 
hepatic veins and their tributaries, represented by type I and type III collagen fibers 
and single muscle fibers, mainly running along the veins. Thick collagen fibers were 
found external to thin elastic fibers, which were intimately related to smooth muscle. 
The above-mentioned features are consistent with the observation that all veins of the 
infracardiac region in humans are mainly propulsive veins[25]. The increase in 
collagen content on the adventitial side of the interface may strengthen it and prevent 
rupture of the vein during extreme liver movements[26].

The PHC is often separated from the adventitia of the hepatic veins and their large 
tributaries by a narrow slit (similar to that described in relation to Glissonean 
pedicles), in which the tissue fluid and prelymph circulate[23,24] (Figure 1C). The 
average distance between the PHC and the Glissonean pedicle is 32 ± 8.7 μm, while 
that between the PHC and the hepatic veins is 26 ± 6.3 μm[8]. Some authors suggest 
that Laennec’s capsule, Glisson’s capsule and the sheath for the hepatic vein tributaries 
can be characterized by a high content of thin, wavy elastic fibers. The Waleaus 
vasculo-biliary sheath of the thick vessels and ducts does not contain elastic fibers[15]. 
However, some researchers believe that there is no fibrous sheath around the hepatic 
veins and that the adventitia of the hepatic veins is in direct contact with the PHC 
covering the liver parenchyma[27]. With the reduction of the diameter (caliber) of the 
tributaries of the hepatic veins, the adventitia of these veins thins out, PHC tapers off, 
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Figure 1 Connective tissue structures and their relationship in the liver. A: 1: Peritoneum; 2: Liver capsule (Laennec's capsule); 3: Hilar plate (Walaeus 
vasculo-biliary sheath); 4: Portal tract; 5: Hepatic vein and its tributaries; 6: Connective tissue sheath of a hepatic vein; 7: Portal tract surrounded by Glisson's capsule 
(Glissonean pedicle); 8: Porta-caval fibrous connection (PCFC); Arrowhead: the fissure among the Laennec's capsule (proper hepatic capsule, PHC) and the 
Glisson's capsule; B: Intrahepatic portal tracts and hepatic veins of the human liver after maceration from the visceral surface (preparation from the private archive of 
Professor Chanukvadze I); Intersection of portal tracts and the hepatic veins. Yellow lines show the borders among the liver segments enumeration of which is shown 
in red quadrats. 1: Portal tract; 2: Hepatic veins and their tributaries; 3: Inferior vena cava; 4: Walaeus vasculo-biliary sheath; 5: Round ligament; 6: Gallbladder; C: 
Section of liver tissue containing the portal tract and hepatic vein (scheme). White arrowhead: the fissure among the Laennec's capsule (PHC) and the Glisson's 
capsule; Green arrowhead: the fissure among the Laennec's capsule (PHC) and connective-tissue sheath surrounding the hepatic vein; D: Area of complete fusion of 
the Glisson's capsule and a connective-tissue sheath surrounding the hepatic vein (scheme); E: Plate-shaped PCFC (scheme).

and intralobular connective-tissue fibers connect directly to the connective-tissue fibers 
of adventitia of the small tributaries of the hepatic veins[2,28]. Such a relationship 
further reinforces the notion that the merger of the intralobular and extralobular 
connective-tissue fibers and that of the capsule covering the organ create a complex, 
yet well-regulated, structure of the extracellular matrix, which is the connective-tissue 
skeleton of the liver, coordinating the synergy between the cell populations and the 
neural and circulatory tubular structures. The PHC is mainly composed of reticular 
fibers (RFs) that cover the hepatic lobules. The ring of hepatocytes abutting the 
connective tissue of the portal region is called the periportal limiting plate. The RF 
bordering the hepatocytes constituting the limiting plate forms a capsule. This capsule 
covers the hepatic lobule from one side and abuts the perivascular fibrous capsule 
(Glisson’s capsule) enveloping the portal tract, from another side[3].
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Based on computer software analysis of liver specimens (histotopograms), the same 
authors distinguish loose fiber construction (and not the fissure described above) 
between Glisson's capsule and the PHC and called it the private hepatic ligament 
(PHL). The PHL is a structure in which collagen fibers have invaded from the portal 
region into the lattice-like or mesh-like RF that originally surrounded the lost 
hepatocytes[3]. However, it should be noted that the existence of such a formation has 
to be confirmed by additional studies.

There is a system of connective-tissue plates in the area of the hepatic port, whose 
origin and structure continue to be the subject of debate. This system includes a cystic 
plate, a round ligament plate, an Arantial plate, and a hilar plate (Walaeus vasculo-
biliary sheath)[27,29].

The names of the plates are determined by their location: the gallbladder bed, round 
ligament gutter, Arantial ligament (obliterated venous duct) gutter, and hilus of the 
liver[30,31]. Several researchers have further described the caval plate, the connective-
tissue sheath situated between the hepatic parenchyma and the adventitia of the 
hepatic part of the inferior vena cava[26,32]. Some researchers believe that these plates 
are derivatives of Laennec's capsule, which is attached to the liver capsule as an 
additional outer layer in the above-mentioned areas[30]. Other researchers indicate 
that the plate complexes, especially the hilar plate (which has special functional and 
clinical significance), is not an embryological derivative of Laennec's capsule and is 
connected with the fibrous part of the hepatoduodenal ligament and the connective 
tissues surrounding the blood vessels and bile ducts located in the portal area[27]. 
However, another group of researchers believes that the hilar plate does not exist at all 
as an independent entity; it is part of the liver capsule, which thickens in the area of 
the hepatic port due to a large number of thin-walled bile ducts (so-called "vaginal 
ductuli"). During surgery and dissection, it should be kept in mind that the hilar plate 
is likely to be artificially generated when, the surgeon unintentionally bundles 
collagenous fibers around the vaginal ductuli[15,29,33]. Taken together, the origin of 
the plates located on the visceral surface of the liver requires additional studies. 
Furthermore, we can state with confidence that the hilar plate (Walaeus vasculo-biliary 
sheath) covers the structures entering or exiting the liver at the hepatic port — the 
branches of the portal vein, hepatic artery, and bile ducts and accompanying 
lymphatic vessels and nerve cords. In combination with the accompanying connective-
tissue fibers, afore-mentioned structures form the portal tracts that branch inside the 
liver. Large portal tracts, such as lobar, sectoral, segmental, and sometimes subseg-
mental tracts, are enveloped by a perivascular fibrous capsule (Glisson's capsule), 
which forms the so-called Glissonean pedicle[30]. Glisson's capsule is an intrahepatic 
extension of the hilar plate (Walaeus sheath). Thus, the portal tracts at the hepatic port 
are surrounded by the Walaeus sheath and inside the liver with Glisson's capsule. As 
mentioned above, Glisson's capsule is prominent around the large-caliber portal tracts 
but tapers off or completely disappears in thinner tracts[7].

Taking all of the above into consideration, Hu et al[8] concluded that the plate 
system represented a fibrous, thickened part of the Walaeus vasculo-biliary sheath and 
that Laennec’s capsule had no continuity with the Glissonean pedicle. However, 
Laennec’s capsule, which is dissociated from the main Glissonean capsule, extends to 
the peripheral portal tracts, where the structural integrity loosens and directly 
continues into the intralobular connective tissue fibers.

Laennec's capsule is the critical structure for understanding the comprehensive 
surgical anatomy of the liver and standardizing extrahepatic Glissonean pedicle 
isolation in anatomical liver resection[21]. Its precise understanding may rewrite the 
descriptions in the hepatology textbooks on the relationship between the hepatic 
capsule and intrahepatic and extrahepatic portal pedicle sheaths as follows: the 
connective tissue that constitutes the hepatic capsule wraps around the portal vein, 
hepatic artery, bile duct, lymphatics, and nerves that enter and exit the liver from the 
hilar part and then enters the liver where it is distributed as a skeleton in the 
parenchyma[34].

Portal tracts and their connective-tissue structures
The blood vessels, bile ducts and nerves located in the portal tracts are covered by 
their own fascial connective tissue. These structures are individually encased by a 
typical membrane containing laminin, collagen type IV, entactin, and heparan sulfate 
proteoglycan. The surrounding portal interstitium contains collagen types I, III, V, and 
VI, fibronectin and tenascin[2]. The fibrous covers are separated from the blood vessel 
walls by a space called the conceptual paravasal body[35].
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In the liver hilus and adjacent proximal part of the hepatoduodenal ligament, the 
connective tissue cover of the portal vein is well distinguished. It surrounds the blood 
vessel in the form of a sheath, inside of which there is the aforementioned paravasal 
fissure, which contains connective tissue fibers running in different directions, 
connecting the portal vein adventitia with the inner surface of its fibrous cover. 
Likewise, in the same regions, the hepatic artery is also surrounded by a layer of 
fibrous connective tissue called the fibrous cover. It is separated from the blood vessel 
wall by a well-defined fissure containing the bundles of connective-tissue fibers 
connecting the inner wall of the fibrous cover with the adventitia of the artery[20,32].

The Brisbane Meeting of the International Society of Hepatobiliary-Pancreatic 
Surgery in 2000 formed a consensus on the uniform anatomical term/terminology 
classification to remedy the confusion that was present at that time. Their consensus 
was that first-order divisions of the elements of the portal triad were those that 
supplied the right and left halves of the liver, second-order divisions were those that 
supplied the liver sectors, and third-order divisions were those that supplied the 
segments[36].

The perivascular fibrous capsule abruptly appears in the area of the sectoral portal 
tract. It is dense and easily separates from the liver tissue, which in turn is covered by 
the PHC (the intrahepatic part of Laennec’s capsule)[3].

The perivascular fibrous capsule is formed by collagen fibers running in various 
directions (elastic fibers are relatively rare). In addition, the outer layer of the capsule 
is denser. The relatively loose inner layer is contiguous to the connective tissue that 
surrounds the covers of individual elements of the portal triad. The thickness of the 
sectoral perivascular fibrous capsule is 45-110 μm (average 70-75 μm). Gradually, with 
the decrease in the caliber of the portal tract, the perivascular fibrous capsule also 
becomes thinner. The perivascular fibrous capsule of the 2-3 mm caliber subsegmental 
portal tract loses its sheath-like structure and transforms into loose connective tissue 
located between the individual elements of the portal triad.

The thickness of the proper cover of sectoral and segmental branches of the portal 
vein ranges from 50 μm to 150 μm (on average 90-100 μm) and it is directly propor-
tional to the caliber of the blood vessel. The portal vein cover, within the subsegmental 
tract, gradually becomes thinner and looser. In addition, studies have shown that in 
15% of cases, the identification of the connective tissue cover of the portal vein is 
hampered, even around the sectoral and segmental branches[32,37].

The number of bile ducts in sectoral and segmental portal tracts always exceeds 
three. Bile ducts are enveloped by the fibrous parabiliary sheath. The sheath has 
circularly oriented internal bundles, while the external bundles form septa oriented in 
various directions and connect closely to both the adjacent bile duct wall and the 
perivascular fibrous capsule. Bile ducts are accompanied by the peribiliary glands, 
which are connected to the ducts mainly along their opposite edges. The glands can be 
distinguished between intramural and extramural parts. The extramural part of the 
glands is several times larger in size than the intramural part. It is covered by the 
fibers of the fibrous parabiliary sheath, extends a considerable distance from the duct 
wall, is closely related to the connective tissue sheaths of other elements of the portal 
complex, and sometimes directly attaches to the perivascular fibrous capsule. 
Occasionally, the fibers covering the peribiliary glands and that of the internal surface 
of the perivascular capsule are so intertwined that no border can be identified between 
them[32,38-40].

The number of branches of the hepatic artery with a caliber larger than 1 mm varies 
from 2 to 5 in each sectoral and/or segmental portal tract. They are located more 
centrally (closer to the portal vein branch) than the bile ducts. The covers of the hepatic 
artery are not as distinct in sectoral and segmental tracts as in the hepatic hilus or 
hepatoduodenal ligament. The paravasal fissure is invisible as the adventitia is 
virtually contiguous with its own cover. The covers of the arteries at the peripheral 
edges of the blood vessels extend into the septa, which often interconnect and create 
the circular layer of para-arterial connective tissue located between the portal vein and 
the parabiliary fibrous sheath (Figure 1C). The degree of differentiation of the 
connective tissue covers of the arteries strongly depends on the caliber of the portal 
tract. In the small (subsegmental and thinner) portal tracts, the arteries have no 
connective tissue covers at all, and they are surrounded only by loose connective tissue 
that forms a bed for all elements of the portal triad[32,37]. Therefore, a combination of 
paravasal and parabiliary connective-tissue formations concentrated around the portal 
vein makes the skeletons of the hepatic portal tracts. The perivascular fibrous capsule, 
with adjacent parabiliary tissue with bile ducts and peribiliary glands, is located on the 
periphery of Glissonean pedicles[32,37].
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PCFCs
In the liver, at the site of the spatial intersection of the main portal tracts and the 
hepatic veins, there is a little-known anatomical formation generated by the fusion of 
the connective-tissue fibrous sheaths of the portal tracts and the hepatic veins where 
these two structures come into contact with each other. The perivascular fibrous 
capsule extends from the portal complex to the wall of the hepatic vein and it becomes 
an additional element (Figure 1A, B, D and E). An anatomical formation created by the 
fusion of the sheaths of portal tracts and hepatic veins is called the intrahepatic PCFC
[20,32].

Anatomical classification of PCFCs
Various forms of PCFC are distinguished.

Complete fusion: This type of porta-caval connection is characterized by the complete 
fusion of the surfaces of connective tissue sheaths of the portal tract and hepatic vein 
directed towards each other (Figure 1D and 2B). This type of connection is mainly 
found in segments II and III of the liver. The connective tissue sheaths of the hepatic 
veins are highly developed in the PCFC area, and its thickness reaches 90 μm. It 
represents a thick network of the collagen fibers running in various directions and the 
spiral bundles of elastic fibers and separate cellular elements are located between 
them. At the same time, irrespective of the density of the elements of the portal triad 
that merge with the hepatic veins in the area of the PCFC, there is always a narrow 
gap between them, filled with loose connective tissue. Small blood vessels (up to 1.5 
mm in diameter), which are separated from the branches of the hepatic artery located 
in the portal tract, might pass through this place. They extend to the wall of the hepatic 
vein and supply it with blood.

Touching connection: This type of PCFC occurs when the perivascular fibrous capsule 
and the sheath of the hepatic vein merge only with the parts of the surface facing each 
other, while the rest of the space between them is filled with liver tissue. Similar to 
complete fusion, this form of PCFC also contains small blood vessels, but rarely the 
nerves or lymphatics. Touching PCFCs are often found within segments II, III, VI, and 
VII of the liver.

Fan-shaped connection: The fan-shaped connection, a special form of connection, is 
formed when the 2-5 mm caliber portal tract touches the wall of the inferior vena cava 
or large hepatic vein and immediately splits into thinner branches. The fan-shaped 
PCFC is constantly found within segment I (caudal lobe), including the inferior vena 
cava wall. The branches feeding the wall of the inferior vena cava or large caliber 
hepatic veins are separated from the arteries of the portal tract within this connection
[20,32]. Within the complete fusion, touching and fan-shaped PCFCs, the hepatic vein 
is most often bordered by the bile ducts and their peribiliary glands. Such direct 
contacts may facilitate the spread of the inflammatory process from the bile ducts to 
the liver[32].

Plate and thread-shaped connections: The plate or thread-shaped PCFCs are 
represented by a fibrous plate or a cone that stretches between the perivascular fibrous 
capsule and the hepatic venous sheath. The plate may contain small blood and 
lymphatic vessels[20,32] (Figure 1E and 2A).

It should also be noted that the presence of various forms of PCFC has been 
confirmed in other mammals (pigs, sheep, dogs, rats). In the histological liver 
specimens of these animals, the sites of the crossing of different size portal tracts and 
hepatic vein tributaries with integration (fusion) of their connective-tissue sheaths 
were described. At the same time, in rat livers, the translocation of biliary structures 
from the portal tract toward hepatic veins was shown. This translocation causes the 
appearance of ductular profiles accompanying hepatic veins and their tributaries on 
histological specimens[32] (Figure 2C and D).

Clinical significance of PCFCs
Today, among the modern methods of surgical treatment of portal hypertension 
complicated by bleeding from varicose veins, the transjugular method of intrahepatic 
porta-caval anastomosis, which has a palliative effect, is widely used[41]. However, 
this method is often accompanied by complications; the most common ones are 
thrombotic or proliferative occlusion of the endoprosthetic shunt implanted between 
the branches of portal and hepatic veins, as well as stent migration-transposition[20]. 
This is exacerbated by the fact that the tubular shunt-prosthesis is often placed 
between the right branch of the portal vein and the right hepatic vein, which are 
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Figure 2 Porta-caval fibrous connections in humans and animals. A: Plate-shaped porta-caval fibrous connection (PCFC) (histotopogram of liver tissue): 
1: Lumen of the portal vein; 2: Lumen of hepatic vein tributary; 3: Bile ducts and biliary glands (filled with Indian ink); 4: Liver parenchyma; Rad arrow: Proper hepatic 
capsule (PHC); Blue arrow: Perivascular fibrous capsule (Glisson’s capsule); Green arrowhead: Fissure among the PHC and Glisson’s capsule; Yellow arrowhead: 
Fissure among the PHC and perivenous connective-tissue sheath (preparation from the private archive of Professor Chanukvadze I); B: PCFCs (histotopogram of 
liver tissue): Large portal tract is surrounded by a yellow ellipse; 1: Lumen of the portal vein; 2: Lumen of hepatic vein tributaries; 3: Small portal tract; 4: Liver 
parenchyma; 5: Bile ducts (filled with Indian ink); Green arrowhead: The area of complete fusion; Red arrowhead: Thread-shaped PCFC (preparation from the private 
archive of Professor Ilya Chanukvadze); C: PCFC in rat liver (surrounded by a red ellipse). 1: Lumen of the portal vein; 2: Lumen of a hepatic vein; Red arrow: Bile 
ductule abutted to hepatic vein connective tissue sheath (preparation from the private archive of Professor Dimitri Kordzaia). Hematoxylin-eosin, Ob × 10, Oc × 10; D: 
Fragment of Figure C. Hematoxylin-eosin, Ob × 40, Oc × 10. C and D: Citation: Kordzaia D, Jangavadze M. Unknown bile ductuli accompanying hepatic vein 
tributaries (experimental study). Georgian Med News 2014: 121-129. Copyright ©Georgian Medical News 2014. Published by Georgian Medical News[43].

significantly separated from each other (from 2 cm to 9 cm). The longer the shunting 
prosthesis is, the higher the likelihood of thrombosis, suppression and/or tran-
sposition[41,42].

It is quite probable that the endovascular method may be more successful in 
developing portocaval anastomoses in the area of PCFCs, where parenchyma-free 
areas of direct contact between the walls of large branches (5 mm to 20 mm) of the 
hepatic and portal veins already exist. It is preferable to perform endovascular 
intervention on liver segments II and III, where the left hepatic vein passes below the 
main portal complex and is in direct contact with the portal vein branch, as well as 
between the right hepatic vein and the portal vein branch of segment VII. The various 
types of branching of the portal and caval veins determine a large variation in the 
number of PCFCs — from 4 to 20; however, despite this, the above-mentioned PCFCs 
in segments III and VII are characterized by high stability. In addition, the sites of 
integration within the connective-tissue sheaths of the large portal tracts and hepatic 
veins with the standard topography can be visualized by magnetic resonance imaging
[20].

CONCLUSION
In the human liver where the portal tracts and hepatic veins spatially intersect (spatial 
crossing), the fusion of their connective-tissue sheaths develops an anatomical 
structural element in the form of a nodal fibrous connection — “porta-caval fibrous 
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connection” — allowing the hepatic vein to interact closely with the elements of the 
portal complex. The PCFC is a stable structure, whose formation begins at the 11th-12th 
week of embryogenic development. Based on the above discussion, intrahepatic PCFC 
can be considered an independent anatomical element of the liver, which deserves to 
be reflected in international anatomical nomenclature. Knowledge of the existence and 
features of PCFC enhance our understanding of the liver connective tissue framework 
and support the development of new surgical approaches for the treatment of various 
liver pathologies.
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